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LETTER  OF  TRANSMITTAL. 


Depabtment  of  the  Interior, 
United  States  Geological  Scrvbv, 

Hydrographic  Branch, 

Washington^  D.  C,  July  22,  190S. 
SXR:  I  have  the  honor  to  transmit  herewith,  for  publication  in  the 
W&ter-Supply  and  Irrigation  series,  a  report  on  the  water  resources 
of  the  Salinas  Valley,  California,  by  Mr.  Homer  Hamlin. 

Xhe  report  relates  particularly  to  that  portion  of  the  Salinas  A'alley 
which  lies  within  the  boundaries  of  Monterey  County.  It  describes 
the  topography,  hydrography,  and  economic  geology  of  a  portion  of 
the  re^on  and  discusses  the  methods  of  irrigation  and  the  irrigation 
systems*  the  extent  of  underground  waters,  and  the  possibility  of 
extending  irrigation  by  the  utilization  of  surface  streams  and  the 
iinpoundlDg  of  flood  waters. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engineer 
Hon.  Charles  D.  Walcott, 

Director  United  States  Oeological  Survey. 
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W\TER  RESOURCES  OF  THE  SALINAS  VALLEY, 

CALIFORNIA. 


By  Homer  Hamun. 


INTRODUCTION. 

This  report  is  based  on  investigations  made  by  the  United  States 
Greolo^cal  Survey,  cooperating  with  the  board  of  supervisors  of 
Monterey  County  and  the  California  Water  and  Forest  Association, 
in  Monterey  County,  Cal.,  during  1900,  1901,  and  1902.  The  work 
-was  done  under  the  sux>ervision  of  Mr.  J.  B.  Llppincott,  resident 
Iiydrographer  of  the  United  States  Geological  Survey. 

The  report  relates  particularly  to  that  portion  of  the  Salinas  Valley 
that  lies  within  the  boundaries  of  Monterey  County,  and  describes 
tlie  topography,  hydrography,  and  economic  geology  of  a  portion  of 
Ihe  region.  It  also  discusses  the  extent  of  the  underground  water,  the 
methods  of  irrigation,  the  irrigation  systems,  and  the  possibility  of 
extending  irrigation  by  the  utilisation  of  surface  streams  and  by 
imx>oonding  flood  waters. 

The  first  investigation  made  in  this  region  was  a  reconnaissance 
conducted  under  the  direction  of  Prof.  Charles  D.  Marx  in  the  sum- 
mer of  1900.  During  this  reconnaissance,  which  was  made  for  the 
purpose  of  locating  and  examining  the  reservoir  sLtes  in  the  drainage 
basin  of  Salinas  River,  Professor  Marx's  party  explored  the  drainage 
basins  of  the  Arroyo  Seco,  of  San  Antonio  and  Nacimiento  rivers, 
and  H  portion  of  the  drainage  basin  of  San  Lorenzo  Creek.  Six  reser- 
voir sites  were  discovered,  and  preliminary  surveys  and  estimates 
were  made  to  determine  the  capacity  of  each  and  the  cost  of  storing 
water.  Five  of  these  reservoir  sites  are  in  the  drainage  basin  of  the 
Arroyo  Seco,  viz,  the  Pettitt,  Leigh,  Currier,  Foster,  and  The  Pools 
sitee.  One  reservoir  site,  the  Pinkerton,  was  discovered  on  the  San 
Antonio,  and  one,  the  Mathews,  on  San  Lorenzo  Creek 

In  October,  1900,  Mr.  W.  W.  Cockins,  jr.,  was  put  in  charge  of  the 
study  of  underground  waters  in  the  vicinity  of  Salinas,  and  during 
the  winter  of  1900-1901  was  also  in  charge  of  stream  measurements  on 
Salinas  River  and  its  tributaries.     In  December,  1900,  he  established 
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a  gaging  station  on  San  Antonio  Creek  near  Jolon,  one  on  San  Lorenzo 
Creek  at  the  Hollenbeck  ranch,  and  one  on  Arroyo  Seco  at  Pettitt's 
ranch.  A  gaging  station  had  been  established  on  Salinas  River  prior 
to  1900. 

In  March,  1901,  the  writer  was  detailed  to  study  the  hydrography 
and  geology  of  a  portion  of  this  region.  The  field  work  extended  over 
a  period  of  six  months. 

In  the  Salinas  Valley,  as  in  many  parts  of  California,  pumping 
water  for  irrigation  is  expensive  on  account  of  the  hjgh  price  of  fuel. 
The  object  of  the  geologic  investigation  was  to  discover,  if  possible, 
cheap  fuel  in  the  form  of  coal  or  oil.  A  reconnaissance  was  made  of 
the  region  and  detailed  examinations  were  made  of  certain  localities. 
The  result  was  disappointing,  as  no  territory  that  will  yield  oil  in 
commercial  quantities  was  found,  and  the  one  coal  field  is  of  small 
extent  and  almost  inaccessible. 

In  presenting  the  report  on  the  economic  geology  of  the  region  the 
writer  wishes  to  disclaim  any  idea  of  its  being  more  than  a  prelimi- 
nary description  of  the  conditions  observed  during  the  reconnaissance. 
At  no  place  were  the  investigations  exhaustive,  and  facts  relating  to 
the  oil-producing  rocks,  coal  beds,  and  water  supply  only  were  not<?d. 
Much  yet  remains  to  be  done  in  the  study  of  the  general  geology  of 
the  region  and  the  correlation  of  the  various  formations  with  equiva- 
lent strata  in  other  regions. 

In  October,  1901,  Mr.  H.  E.  Green  was  detailed  to  make  topo- 
graphic surveys  of  the  Mathews  reservoir  and  dam  site.  lie  also 
designed  the  dam  and  made  estimates  of  the  cost  of  construction  and 
of  the  capacity  of  the  reservoir.  In  August  and  September,  1902,  the 
writer  made  a  topographic  survey  of  the  Currier  and  Foster  reservoir 
and  dam  sites,  and  later  designed  the  dams  and  made  estimates  of  the 
cost  of  construction  and  of  the  capacity  of  the  reservoirs. 

General  acknowledgment  is  due  a  large  number  of  persons  who 
have  rendered  assistance.  Thanks  are  particularly  due  Dr.  William 
H.  Dall  for  the  identification  of  fossils;  to  the  United  States  Depart- 
ment of  Agriculture  for  well  records  and  maps  of  a  portion  of  the 
Salinas  Valley;  to  the  Spreckels  Sugar  Company  for  statistics  on  irri- 
gation ;  to  Mr.  Lou  G.  Hare,  county  surveyor,  for  use  of  county  maps, 
and  to  Messrs.  T.  T.  Tidball,  J.  W.  Leigh,  A.  J.  Me3'ers,  A.  ilubbard, 
J.  M.  Krenkel,  C.  II.  Royse,  and  Mrs.  M.  Griffin,  who  have  furnished 
rainfall  records. 

GEOGRAPHY. 

The  total  area  of  the  Salinas  Valley  is  4,780  square  miles.  Its 
length  is  150  miles  and  its  maximum  width  al)out  45  miles.  (See  PL  I. ) 
It  extends  from  the  high  mountain  region  in  southeastern  San  Luis 
Obispo  County  to  the  Bay  of  Monterey,  80  miles  south  of  San  Fran- 
cisco.    The  Salinas  Valley,  in  common  with  the  other  Coast  Range 
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3  miles  from  the  crest  of  the  range  to  the  ocean,  and  the  greatest  width 
is  but  9  miles.  The  highest  peaks  in  this  range  are  Santa  Lucia, 
altitude  5,967  feet;  Boulder  Peak,  altitude  4,417  feet;  Pico  Blanco, 
altitude  3,680  feet;  Roundtree  Hill,  altitude  4,300  feet,  and  Pine 
Mountain,  altitude  3,600  feet.  The  average  altitude  of  the  orest  can 
not  be  less  than  3,500  feet,  and  is  probably  nearer  4,000  feet. 

Between  the  Salinas  Valley  and  the  high  Santa  Lucia  Range  are 
other  mountain  ranges,  the  most  northern  of  which  is  known  as  the 
Sierra  de  Salinas  (PI.  I).  This  is  a  long  mountain  ridge  extending 
from  the  mouth  of  the  canyon  of  Arroyo  Seco,  in  Monterey  County, 
northwestward  about  25  miles  to  the  mesa  lands  lying  southwest  of 
Salinas.  It  presents  steep  slopes  toward  the  Salinas  Valley,  shutting 
out  from  view  the  higher  and  more  rugged  ranges  nearer  the  coast. 
The  highest  point.  Mount  Toro,  altitude  3,553  feet,  is  a  broad,  rounded 
ridge.  This  range  probably  has  an  average  altitude  of  nearly  2,500 
feet  throughout  its  entire  length. 

The  mountain  range  known  as  the  San  Antonio  Hills  (PL  I)  is  a 
divergent  ridge  sent  off  from  the  most  elevated  portion  of  the  Santa 
Lucia  Range.  It  terminates  rather  suddenly  near  Bradley,  where 
San  Antonio  River  turns  northeastward  and  joins  the  Salinas. 
Although  not  conspicuous  as  a  topographic  feature  it  can  be  traced 
for  several  miles  beyond  this  point  in  the  low  rolling  ridge  northeast  of 
San  Miguel,  in  San  Luis  O.bispo  County.  The  range  has  been  deeply 
eroded  and  many  canyons  extend  far  back  toward  the  rounded  crest, 
the  average  altitude  of  which  is  from  2,000  to  2,500  feet. 

Between  the  San  Antonio  Hills  and  the  main  Santa  Lucia  Range 
is  the  range  known  as  the  Sierra  de  las  Piedras  (pee  PI.  I).  It  lies 
between  San  Antonio  and  Nacimiento  rivers  and,  like  the  San  Antonio 
Hills  to  the  northeast,  is  a  divergent  ridge  from  the  main  range. 
It  extends  southeastward  to  the  point  where  the  Nacimiento  turns 
northeastward  to  join  Salinas  River,  but  can  be  traced  geologically 
to  the  San  Jose  Mountains  east  of  the  Santa  Margarita  Valley,  in  San 
Luis  Obispo  County.  Its  average  altitude  is  2,000  to  2,500  feet,  and 
it  is  an  inconspicuous  feature  in  the  general  topography  of  the  region, 
lying  as  it  does  just  northeast  of  the  main  mountain  ridge.  In  the 
past  there  has  been  much  confusion  regarding  the  names  of  these 
different  ranges. 

The  Salinas  Valley  is  the  largest  of  the  intermontane  valleys  of  the 
Coast  Range  region.  Along  the  coast  it  is  a  broad,  fertile  valley 
ranging  from  6  to  10  miles  wide,  gradually  narrowing  to  about  5  miles  at 
Soledad,  30  miles  inland.  For  25  miles  of  this  distance  the  valley  is 
walled  in  by  the  steep  slopes  of  the  Sierra  de  Salinas  and  the  Gabilan 
Range,  but  both  drop  down  near  Soledad  and  the  valley  widens  on  the 
northeast  side  into  a  broad  mesa,  or  elevated  plain,  Ijing  between  the 
Santa  Lucia  and  Mount  Diablo  ranges.  This  mesa  extends  far  to 
the  southeast  and  ends  in  the  arid  Carriso  Plain,  lying  east  of  San 
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Juan  Elver.  The  mesa  has  an  average  width  of  abont  20  miles  and 
rises  gently  from  Salinas  River  far  up  the  slopes  of  the  Mount  Diablo 
Range.  It  has  been  greatly  dissected  by  numerous  canyons,  which 
traverse  it  in  a  general  southwesterly  direction.  This  mesa  was 
traced  to  the  east  and  northeast  of  Chalone  Peak,  where  it  appears 
to  extend  across  the  ridge  between  San  Benito  and  Salinas  rivers. 

GEOIX>GY. 

GENERAL  GEOLOGY. 

STRUCTURE. 

The  upper  Salinas  Valley  is  a  synclinal  fold  which  extends  in  a 
northwest-southeast  direction  between  the  Mount  Diablo  and  Santa 
Lucia  ranges.  The  characteristic  structure  of  this  fold  may  be  seen  by 
one  crossing  the  valley  in  a  northeasterly  direction  from  the  Sierra  de 
las  Piedras  to  the  Mount  Diablo  Range  along  a  line  passing  through 
the  town  of  Bradley.  The  different  formations  are  seen  to  dip  from 
both  sides  toward  the  axis  of  the  fold,  in  the  valley  below.  In  both 
of  the  above-mentioned  ranges  sedimentary  rocks  fill  the  troughs  of 
8ubordinat«  folds  parallel  with  the  main  syncline.  In  general,  in  and 
near  the  mountains,  the  formations  have  been  compressed  into  sharp 
folds,  while  in  the  broad  Salinas  Valley  they  are  practically  undisturbed. 

STRATIGRAPHY. 

Basement  complex. — The  Basement  complex  on  which  all  the  unal- 
tered sedimentary  rocks  of  the  region  rest  consists  of  (1)  a  series  of 
metamorphic  rocks — gneiss,  schist,  marble,  etc.;  (2)  granitic  rocks, 
chiefly  granite,  often  coarsely  porphyritic.  The  granite  has  been 
described  by  Prof.  A.  C.  Lawson  as  the  Santa  Lucia  granite.^ 

The  rocks  of  the  Basement  complex  form  the  axes  or  cores  of  the 
Santa  Lucia,  Gabilan,  and  Mount  Diablo  ranges,  and  evidently  extend 
to  a  great  depth.  The  age  of  the  metamorphic  series  is  not  definitely 
known,  but  it  is  probably  as  old  as  the  Carboniferous.^ 

San  Luis  formation. — ^The  name  San  Luis  formation  has  been 
applied  by  Dr.  H.  W.  Fairbanks^  to  a  group  of  sedimentary  and 
associated  rocks  in  the  San  Luis  quadrangle.  The  formation  consists 
o!  conglomerates,  sandstones,  shales,  jasper,  and  altered  eruptives. 
These  rocks  outcrop  along  the  southwestern  slope  of  the  Mount 
Diablo  Range  in  a  long,  narrow  belt,  extending  the  entire  length  of 
Monterey  County.  They  here  probably  rest  unconformably  on  the 
Basement  complex.  Dr.  Fairbanks  has  also  described  rocks  belonging 
to  this  formation  in  the  Santa  Lucia  Range,  extending  along  the  coast 

oBon.  Dept.  Oeology,  Utdr.  California,  vol.  1,  IBOB,  p.  9. 

fr Twenty -aecond  Ann.  Bept.  U.  8.  Oeol.  Sarrey,  pt.  1,  lWl,p.  .360. 

0  Geologic  Atlas  U.  8.,  folio  101,  U.  S.  Oeol.  Survey,  1903. 
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from  Sur  River  southeastward  to  San  Luis  Obispo  County. <*  The  San 
Luis  formation  is  considered  to  be  the  equivalent  of  the  Franciscan 
series  and  is  probably  of  Jurassic  age. 

Vaguer o  sandstone. — In  the  Salinas  Valley  the  Vaquero  sandstone 
is  a  well-defined  formation.  So  far  as  observed  in  this  region  it  rests 
unconformably  on  the  Basement  complex  and  on  stratified  terranes 
older  than  the  Neocene,  being  thus  in  this  locality  the  oldest  known 
member  of  the  Neocene;  in  other  localities  Neocene  formations  are 
found  below  the  Vaquero  sandstone,  indicating  that  it  is  not  the  basal 
member  of  the  Neocene. 

The  Vaquero  formation  is  a  rather  coarse,  uniformly  gray,  white  or 
light-yellow  quartzose  sandstone,  with  an  occasional  stratum  of  granitic 
pebbles.  It  is  of  great  thickness  along  the  eastern  slope  of  the  Santa 
Lucia  Range,  especially  in  Los  Vaqueros  Valley;  hence  the  designa- 
tion proposed  by  the  writer  for  this  series  of  sandstones.  In  the  Mount 
Diablo  Range  it  appears  at  a  few  points  beneath  later  formations. 
On  the  summit  of  the  Mount  Diablo  Range;  around  the  headwaters 
of  Stone  Canyon,  there  is  a  series  of  beds  beneath  the  Monterey 
shale  which  may  be  a  portion  of  the  Vaquero  or  may  be  older.  The 
Stone  Canyon  coal  beds  are  in  this  series.  The  following  fossils  have 
been  found  in  the  Vaquero  sandstone:  Balanus  sp.?;  MytUus  sp., 
probably  mathewsonii  Gabb;  Ostrea  tayloriana  Gabb  (Young)?; 
Ostrea  titan  Conrad?;  Pecten  magnolia  Conrad;  TurriteUa  Iwffmaniii 
Gabb?;  Chione  maihewsonii  Gabb;  Chione  n.  sp.  (large,  characteristic 
of  this  horizon) ;  Mactra  aff .  catUlifomiis  Conrad ;  Pecten  estreUanus 
Conrad ;  Pecten  ( Chiamys)  n.  sp. ,  S. ;  Pecten  (Plngioctenium)  n.  sp. ,  A. 

Monterey  shale, — Above  the  Vaquero  sandstone  is  found  the  Mon- 
terey shale,  which,  by  reason  of  its  peculiar  lithologic  characteristics, 
is  conspicuous  among  the  rocks  of  the  Coast  Range.  In  Monterey 
County  it  is  found  in  a  broad  belt  along  the  northeastern  slope  of  the 
Santa  Lucia  Range  and  at  frequent  intervals  along  the  southwestern 
slope  of  the  Mount  Diablo  Range.  In  both  ranges  it  extends  south- 
ward far  beyond  Monterey  County.  It  is  usually  found  resting  on 
the  Vaquero  sandstone,  but  is  also  in  contact  with  older  formations 
at  several  points. 

This  formation  consists  of  an  enormous  thickness  of  thin-bedded 
siliceous  shales,  with  a  small  amount  of  limestone  and  cherts,  especially 
near  the  base.  The  shale  beds  VAvy  in  thickness  from  a  fraction  of  an 
inch  up  to  2  feet,  and  in  color  from  white,  through  brown  and  choco- 
late color,  to  black.  The  more  porous  shales  tend  to  weather  white, 
while  the  cherts  remain  brown  or  black,  and  the  limestone  weathers 
a  rusty  brown. 

When  first  exposed  these  shales  and  limestones  are  dark,  often 
black,  with  disseminated  bituminous  and  carbonaceous  matter.  If 
closely  examined  under  a  microscox)e  or  with  a  magnifying  glass,  they 


o  Jour.  GeoL,  vol.  8, 1806,  pp.  416-425. 
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are  seen  to  contain  vast  numbers  of  minute  fossil  shells  ami  fish 
scales.  These  fossils  are  the  remains  of  marine  animals,  and  show 
that  the  shales  were  deposited  in  the  ocean.  It  appears  probable  that 
iheorf[:anic  remains  buried  in  the  Monterey  shale  are  in  part,  at  least, 
the  primary  source  of  the  oil  and  bitumen  found  in  Neocene  rocks  in 
California. 

At  the  base  of  the  Mount  Diablo  Range,  in  Cholame  Valley,  is 
found  a  thick  series  of  sandstones  and  shales,  resting  on  the  Monterey 
shale.  Conspicnons  in  this  series  are  beds  of  bluish-gray  sandstone 
and  shale  much  resembling  the  Monterey  shale  below.  There  are 
many  alternations  of  the  sandstone  and  shale  beds,  both  of  which 
contain  certain  well-marked  fossil  forms.  In  Priest  Valley  there  is  a 
thick  series  of  sandstone  and  shale  very  similar  in  appearance  to  the 
series  in  Cholame  Valley,  but  it  contains,  in  addition  to  the  sandstone 
and  shale  beds  noted  above,  two  thin  beds  of  impure  lignite.  Some 
of  the  fossils  in  the  Priest  Valley  region  are  identical  with  those  in 
Cholame  Valley.  The  field  work  was  not  done  in  enough  detail  to 
determine  the  stratigraphic  relations  of  these  beds.  Our  present 
knowledge  only  warrants  us  in  saying  that  both  belong  to  the  Neocene 
and  are  probably  a  portion  of  what  is  known  as  the  Miocene. 

Santa  Margarita  formation, — Above  the  Monterey  shale  on   the 
southwest   side  of  the  Salinas  Valley  is  found  a  series  of  rocks  to 
which  Mr.  H.  W.  Fairbanks^  has  given  the  name  Santa  Margarita 
formation.     It  has  a  most  characteristic  fauna,  and  is  probably  the 
equivalent  of  the  San  Pablo  formation,  described  by  Dr.  J.  C.  Mer- 
riam.^     In  the  Santa  Lucia  Range,  where  it  outcrops  at  frequent 
intervals  northeast  of  the  Monterey  shale  belt,  it  consists  of  soft  gray 
sandstone.     On  the  northeast  side  of  the  Salinas  Valley  the  formation 
is  sandstone  at  the  base,  grading  upward  into  soft  chalk-like  shale 
and  clay  shale.     It  outcrops  over  a  large  area  in  the  Salinas  Valley 
near  Kings  City,  where  the  most  characteristic  fossil  is  the  large  bar- 
nacle TaTniosojnia  gregaria  Conr.     The  sandstone  beds  of  this  for- 
mation, in  many  localities  in  California,  are  saturated  with  bitumen 
and  asphaltum.     The  occurrence  of  such  beds  in  Monterey  County 
is  described  on  page  18.     From  the  incomplete  data  at  hand  it  seems 
probable  that  the  Santa  Margarita  formation  is  more  recent  than  the 
sandstones  and  shales  noted  in  Cholame  Valley  and  in  Priest  Valley. 
Paso  Rabies  fiyrniation. — ^In  the  upper  Salinas  Valley  is  found  a 
seri^  of  rocks  known  as  the  Paso  Robles  formation,  which  has  been 
described  by  Mr.  H.  W.  Fairbanks.^    The  basal  beds  of  this  forma- 
tion are  conglomerates,  above  which  lie  alternating  beds  of  reddish 
clay  and  conglomerates  composed  of  pebbles  of  shale,  jasper,  and 
granitic  rocks.     The  conglomerates  seam  to  be  of  local  origin  and 

"Geologic  Atlas  U.  S.,  folio  101,  U.  8.  Oeol.  Survey,  1908. 
l»BiilL  Dept.  Gtoology,  Univ.  California,  voL  2, 1808,  pp.  118-116. 
<?  Jour.  OeoL,  vol. «,  1898,  p.  565. 
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contain  a  large  percentage  of  Monterey  shale  pebbles.  In  the  Salinas 
Valley  the  rocks  of  this  formation  are  practically  undisturbed,  but 
they  are  sharply  folded  in  both  the  Mount  Diablo  and  Santa  Lucia 
ranges.  The  marked  unconformity  in  bedding  between  the  Paso 
Robles  and  all  the  formations  below  serves  as  one  of  the  most  satis- 
factory datum  planes  in  the  stratigraphy  of  the  Coast  Range.  The 
formation  was  traced  from  the  upper  Salinas  into  Monterey  County, 
where  it  covers  a  large  area  in  the  vicinity  of  Bradley.  It  is  greatly 
developed  in  the  mesa  region  on  the  east  side  of  Salinas  River  and  is 
found  between  Monterey  and  Toro  Creek,  southwest  of  Salinas. 

Later  sandstones, — East  of  Monterey  Bay  is  found  a  soft,  quartzose 
sandstone  of  considerable  thickness,  yellow  or  reddish  brown  in  color, 
and  on  weathered  surfaces  often  containing  small  nodules  of  sand 
cemented  by  iron  oxide.  It  disintegrates  into  the  soft  sand  beds 
which  form  the  sand  hills  north  and  west  of  Salinas.  It  appears  to 
have  once  extended  up  the  Salinas  Valley  as  far  as  San  Lucas,  proba- 
bly as  a  stream  deposit,  but  most  of  it  has  been  removed  by  erosion. 
This  formation  is  more  recent  than  those  that  have  been  described, 
and  rests  unconformably  on  the  older  rocks. 

Stream  deposits. — The  stream  deposits  in  the  lower  Salinas  Valley 
consist  of  unconsolidated  beds  of  clay,  sand,  gravel,  and  shale  peb- 
bles. In  the  vicinity  of  Salinas  these  river  deposits  yield  large  quan- 
tities of  ground  water.  The  wells  penetrate  alluvial  sands  and  clays, 
reaching  the  water  supply  in  beds  of  gravel  150  to  200  feet  below  the 
surface.  A  further  description  of  these  underground  waters  is  given 
on  page  21. 

ECONOMIC  GEOLOGY. 
OIL  AND   BITUMINOUS  ROCK  DEPOSITS. 

In  Monterey  County  bituminous  sandstone  and  shale  are  found  at 
several  points.  Near  San  Ardo  (PI.  I)  the  Monterey  shale  has  a  tot^il 
thickness  of  about  2,200  feet.  Both  the  Monterev  shale  and  the 
Vaquero  sandstone  below  have  been  sharply  flexed  into  a  secondary 
anticlinal  fold  on  the  northeast  limb  of  the  San  Antonio  Hills  anti- 
cline. The  shale  is  here  very  different  from  the  typical  Monterey 
shale  in  the  Santa  Lucia  Range.  Some  beds  are  soft  and  chalk-like; 
others  contain  an  unusual  percentage  of  fine  sand  and  mica  flakes, 
int-erstratifled  with  beds  of  quartzose  sandstone.  The  whole  series  is 
bituminous,  but  the  sand  beds  are  much  richer  in  bitumen  than  the 
others.  The  soft  shales  weather  white,  but  when  broken  are  seen  to 
be  colored  black  or  brown  with  bitumen.  The  upper  770  feet  of  this 
formation  consists  of  alternating  beds  of  chalk-like  shale  and  sand- 
stone. Between  these  beds  and  the  basal  sandstones  of  the  Santa 
Margarita  formation  is  from  3  to  5  feet  of  cherty  shale,  chara<'teristic 
of  the  Monterey.  Small  tar  springs  are  found  in  this  series  at  several 
point4»,  and  also  in   the  typical  Monterey  shale  to  the  southwest. 
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Above  this  series  to  the  northeast  are  found  beds  of  sandstone  with 
sjhale  inclusions  and  fossils  characteristic  of  the  Santa  Margarita 
formation. 

The  amount  of  liquid  bitumen  at  this  locality  is  exceedingly  small. 
Both  the  shales  and  sandstones  are  close-textured  rocks  and  would 
3'ield  oil  very  slowly  even  if  it  should  be  present  in  large  quantities. 
The  strata  are  steeply  inclined,  dipping  northeastward  at  an  angle  of 
from  65""  to  90°.  Oil  wells  drilled  here  simply  pass  down  into  one  or 
two  beds  of  sand  instead  of  piercing  several,  the  chance  of  reaching 
any  productive  oil  sand  being  proportionately  reduced.  The  rocks 
bituminized  are  also  without  an  impervious  cover,  the  crest  of  the 
anticline  having  been  removed  by  erosion. 

Several  prospect  wells  have  been  drilled  here,  but  all  have  thus  far 
proved  unproductive.  The  Tomboy  Oil  and  Improvement  Company 
drilled  one  well  in  sec.  19,  T.  22  S.,  R.  10  E.,  Mount  Diablo  meridian. 
The  San  Antonio  Oil  Company  drilled  on  their  property  in  sees.  20, 
29,  and  30,  T.  22  S.,  R.  10  E.,  M.  D.  M.,  about  2  miles  west  of  San 
Ardo,  and  the  San  Antonio  Consolidated  Oil  Company  drilled  one 
well  on  its  property  in  sec.  12,  T.  22  S.,  R.  9  E.,  and  sec.  7,  T.  22  S., 
R.  10E.,M.  D.  M. 

i     The  Mathews  bituminous  rock  quarry  is  situated  in  sec.  29,  T.  17  S., 

R.  8  E.,  M.  D.  M.,  in  San  Benito  County,  about  7  miles  northeast  of 

Metz.     (See  PL  I.)    The  bituminous  rock  consists  of  a  bed  of  coarse 

sand  and  bowlders,  resting  directly  upon  the  eroded  surface  of  the 

j^anitic  axis  of  the  Gabilan  Range,  and  above  this  are  finer  sands,  the 

whole  having  a  considerable  but  variable  thickness.     Three  prospect 

^  holes  have  been  opened  and  a  considerable  quantity  of  bituminous 

sand  rock,  which  seems  to  be  of  excellent  quality,  has  been  hauled 

away.    The  bituminous  sand  is  covered  by  thick  beds  of  soft,  chalky 

shale,  probably  a  part  of  the  Montei-ey  shale,  resembling  that  at  San 

Anlo.    The  shale  has  a  low  dip,  3°  to  5°,  toward  the  east. 

The  Mylar  bituminous  rock  quarry  is  situated  in  sees.  14  and  15, 
T.  10  S.,  R.  9  E.,  M.  D.  M.,  10  miles  northeast  of  Kings  City.     The 
<iuarry  is  owned  by  the  City  Street  Improvement  Company,  of  San 
Francisco.     The  bituminous  rock  is  here  of  considerable  thickness 
and  consists  of  coarse  granitic  gravels  which  rest  directly  upon  the 
^orn  surface  of  the  granitic  axis  of  the  Gabilan  Range,  followed 
upward  by  beds  of  coarse  granitic  sand,  the  whole  evidently  derived 
from  the  wear  of  the  adjacent  granite  rocks.     The  gravels  and  sand- 
stones are  bituminous  throughout  their  entire  thickness.     Resting  on 
the  bituminous  sandstone  are  beds  of  soft  chalky  shale,  probably  a 
portion  of  the  Monterey  shale  series.     The  sandstone  dips  westerly  at 
alow  angle,  3°  to  5°.     Considerable  rock  has  been  quarried  here  and 
*^ipped  to  various  localities. 

No  oil  wells  have  been  drilled  either  at  this  point  or  at  the  Mathews 
^T\arry,  and  it  is  not  probable  that  wells  would  be  successful,  as  the 
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bituiniiious  rock  which  rests  on  the  eroded  surface  of  the  granite  is 
of  uncertain  thickness  and  small  extent  at  either  locality.  There  are 
also  beds  of  similar  sandstone,  not  bituminous,  however,  at  other 
points  along  the  buried  granitic  axis  of  the  Gabilan  Range.  The 
exact  relation  of  these  sands  to  the  shales  above  is  not  clearly  under- 
stood, and  they  may  be  beds  older  than  the  Monterey  shale,  which 
have  been  impregnated  with  bitumen  by  downward  infiltration. 

About  6  miles  northeast  of  the  Mylar  quarry  the  Nonpareil  Consoli- 
dated Oil  Company  has  drilled  several  prospect  wells  in  sec.  32,  T. 
18  S.,  R.  10  E.,  M.  D.  M.  These  wells  were  drilled  in  the  Monterey 
shale  east  of  a  great  fault  which  has  brought  that  formation  up  into 
contact  with  the  Paso  Robles  formation.  The  shales  here  have  a  dip 
of  60°  to  the  northeast  and  are  succeeded  above  by  beds  of  sandstone. 
There  is  a  small  amount  of  brea  and  bituminous  sand  in  the  Paso 
Robles  formation  along  the  line  of  the  fault.  These  wells  were  not 
successful  and  have  been  abandoned.  At  several  points  between  this 
locality  and  the  Peachtree  ranch  there  are  indications  of  oil,  but 
none  to  justify  exploitation.  Near  the  eastern  comer  of  the  Peach 
Tree  ranch  there  is  another  outcrop  of  bituminous  sandstone  and 
conglomerate,  apparently  a  part  of  the  Paso  Robles  formation.  These 
bituminous  beds  rest  on  crumpled  strata  of  the  Monterey  shales  which 
are  also  impregnated  with  bitumen.  The  deposit  is  of  no  value  as 
bituminous  ro3k,  being  dry  and  friable,  and  there  is  no  probability 
that  a  productive  oil  sand  will  be  reached  at  this  place. 

In  the  East  Fork  of  Little  Cholame  Creek,  nort.hwest  of  Parkfield 
(PI.  I),  there  are  many  seepages  of  heavy  brea  or  maltha.  These  are 
from  the  Monterey  shale,  from  the  sandstone  directly  above,  and  at 
one  point  from  the  Paso  Robles  formation.  The  seepages  are  from 
thin  beds  of  bituminous  sandstone  and  sandy  shale.  All  of  the  for- 
mations examined  here,  except  the  Paso  Robles,  are  close-textured 
rocks;  no  open  porous  sandstones  were  seen.  The  strata  are  greatly 
disturbed  and  are  in  close  proximity  to  the  granitic  rocks  below. 
The  amount  of  bitumen  is  small  and  the  conditions  are  not  favorable 
for  its  storage. 

Several  oil  wells  have  been  drilled  in  this  region,  none  of  which  was 
successful.  The  Cholame  Valley  Oil  and  Development  Company 
drilled  in  sec.  31,  T.  22  S.,  R.  14  E. ;  the  Parkfield  Oil  Company  in  sec. 
16,  T.  23  S.,  R.  14  E.,  and  the  Waverly  Oil  Company  in  sec.  32,  T.  22  S., 
R.  14  E.,  M.  D.  M. 

At  several  points  in  Monterey  and  San  Luis  Obispo  counties  the 
basal  sandstones  of  the  Santa  Margarita  formation  are  bituminous. 
This  sandstone  is  impregnated  with  bitumen  at  the  mouth  of  Thomp- 
son Canyon,  4  miles  west  of  Kings  City  (PI.  I),  where  it  outcrops  for 
some  distance  in  a  northwest-southeast  direction  along  the  northeast 
side  of  the  Monterey  shale  area.  Both  the  sandstone  and  shale  are 
tilted  at  a  high  angle,  dipping  about  50°  NE.     This  sandstone  is  now 
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Table  of  ajialyses  of  coal  from  Drabble  and  Stone  Canjfon  mines. 


Locality. 


Drabble  mine: 

Upper  tnimel — 
Upper  vein. 
Lower  vein. 
liOwer  tunnel — 
Upper  vein. 
Lower  vein- 
stone Canyon  mine: 

From  dnnip  _  _ 

Heading  tnnnel  No.  1 


Ck>klng 
qojilitles. 


— » 


None  . 
...do.. 

...do.. 
...do.. 

Slight. 
...do.. 


Water. 


11.25 
13.25 

18.25 
18.00 

5.25 
4.15 


VolaUle 
matter. 

Fixed 
cartmn. 

Ash. 

1 

88.25 

88.50 

12.0 

87.65 

86.60 

12.5 

88.90 

38.60 

14.25 

87.25 

81.50 

18.25 

89.75 

49:25 

1 
5.75 

50.55 

41.04 

4.26 

Authority 


Mathyaa.^ 
Do.« 

Do.« 
Do.  a 

Do.« 
Hillebrand.6 


oTwelfth  Ann.  Hept.  California  State  Mining  Bureau,  ItSM,  p.  64. 
frU.  S.  Oeologlca]  durvey. 


UNDERGROUND  WATER. 

In  October,  1901,  Mr.  W.  W.  Cockins,  jr.,  was  detailed  to  study  the 
ground  water  of  the  lower  Salinas  Valley.  Data  were  collected  regard- 
ing the  depth  of  wells,  amount  of  water,  cost,  etc.  From  his  observa- 
tions, snpplemented  by  the  work  of  the  Bureau  of  Soils  of  the  United 
States  Department  of  Agriculture,  the  table  on  pages  22-30  has  been 
compiled. 

The  location  of  the  weUs  is  shown  on  PI.  II.  In  a  small  bow-shaped 
area  west  of  Salinas  the  wells  formerly  flowed  slightly ;  the  boundaries 
of  this  artesian  tract  are  indicated  on  the  map.  Some  of  these  wells 
flow  at  present  when  not  drawn  down  by  pumping.  The  artesian  water 
is  struck  in  a  bed  of  coarse  gravel  that  lies  about  150  feet  below  the 
snrface.  In  passing  northeastwanl  up  the  valley  this  stratum  is 
found  at  a  greater  depth  and  the  artesian  water  rises,  but  fails  to  reach 
the  surface.  The  distance  from  the  surface  to  the  water  from  the 
artesian  stratum  is  shown  on  the  map  by  heavy  lines,  the  line  num- 
bered 10  indicating  that  the  ground  water  will  rise  to  within  10  feet 
of  the  snrface,  but  in  order  to  reach  the  gravel  bed  it  will  be  nec- 
essary to  sink  150  to  160  feet  plus  10  feet,  or  160  to  170  feet,  etc. 
There  are  not  enough  deep  wells  to  trace  the  entire  outline  of  this 
basin,  but  the  direction  taken  by  the  various  curves  of  depth  indicate 
that  the  gravel  bed  may  thin  out  in  passing  up  the  valley  and  that 
they  probably  extend  northwestward  beyond  Castroville  to  the  Bay 
of  Monterey. 
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COAL. 

There  are  two  localities  in  Monterey  County  where  coal  beds  have 
been  exploited,  Stone  Canyon  and  Priest  Valley.  (See  PL  I.)  At  the 
Stone  Canyon  mine  (formerly  known  as  Slack  Canyon  coal  mine)  the 
thickness  of  the  coal  bed  is  from  12  to  14  feet.  The  entire  thickness 
is  clean  coal  without  shale  partings.  This  coal  bed  has  been  traced, 
by  means  of  tunnels,  pits,  and  borings,  for  4,300  feet  along  the  strike, 
and  to  a  depth  of  526  feet  at  the  incline  of  the  Stone  Canyon  mine." 
The  analyses  made  (see  table  on  p.  21)  indicate  that  the  coal  is  a 
lignite  and  that  it  contains  a  large  percentage  of  volatile  matter. 
The  roof  of  this  mine  is  a  hard,  yellowish  sandstone,  which  outcrops 
above  the  coal  bed  in  massive  strata  several  hundred  feet  thick. 
The  floor  is  of  soft,  friable  clay  shale,  much  crushed  and  full  of 
slickensides.  It  is  of  considerable  thickness,  and  west  of  the  mine 
api)ears  to  rest  directly  upon  the  San  Luis  formation,  but  to  the  east 
it  rests  on  sandstone  similar  to  that  above  the  coal  bed.  The  whole 
series  of  sandstone,  shale,  and  coal  is  tilted  up  at  high  angles,  with 
northward  dips  ranging  from  80°  to  90°  along  the  outcrop.  A  very 
large  amount  of  sulphureted  hydrogen  escapes  from  the  coal  bed  below 
the  water  plane,  making  it  difficult  for  men  to  work  in  the  incline.* 

This  mine  is  in  an  isolated  region  on  the  summit  of  Mount  Diablo 
Range,  2,000  feet  above  sea  level,  and  20  miles  from  a  railroad.  The 
construction  of  a  branch  railroad  will  be  expensive  and  difficult, 
although  a  line  could  be  built  to  within  3  or  4  miles  of  the  mine  at  a 
reasonable  cost,  and  the  coal  delivered  to  this  point  by  a  cable  incline 
operated  by  gravity. 

In  Priest  Valley  and  on  Wartham  Creek  there  are  coal  beds  which 
have  been  prospected  at  various  times  (see  PI.  I),  especially  those 
at  the  Drabble  mine,  on  Wartham  Creek.^  These  mines  are  now  idle, 
and  it  is  evident  from  an  examination  of  the  mine  and  region  that 
the  coal  is  of  poor  quality  and  too  far  from  market  to  be  of  value  at 
present  (see  table  of  analyses  on  next  page).  The  coal  beds  exjwsed  in 
the  Drabble  mine  extend  northwestward  under  Priest  Valley,  where 
they  are  folded  into  a  synclinal  trough.  The  same  series  of  beds 
appears  on  the  southwest  side  of  the  valley,  dipping  northeastward, 
and  also  on  the  northeast  side  of  the  valley,  dipping  southwestward. 
The  coal  here  is  not  so  good  as  that  at  the  Drabble  mine. 

Coal  beds  are  also  reported  to  occur  at  intervals  northwest  of  Priest 
Valley,  in  the  Mount  Diablo  Range,'*  but  from  reports  none  of  these 
deposits  seemed  to  be  of  any  economic  value  and  they  were  not 
visited. 


<<  Information  giren  by  F.  J.  Horswell,  Superintendent. 
{» Eighth  Ann.  Rept.  California  State  Mining  Bureau,  1888,  p.  404. 
o  Twelfth  Ann.  Rept.  California  State  Mining  Bureau,  1894,  p.  51. 
dibid.,  p.  ei. 


HAMLIN.] 


COAI-    AND  UNDERGROUND    WATER. 


21 


Table  of  analyses  of  coal  from  Drabble  and  Stone  Canyon  mines. 


Tiocallty. 

Coking 
qoalitiea. 

Water. 

Drabble  mine: 

Upper  tmmel — 

Upper  vein 

None  . 

11.25 

Lower  vein 

...do  .. 

18.25 

£x>wer  tmmel — 

Upper  vein 

...do.. 

18.25 

Lower  vein , 

...do.. 

13.00 

SfcoDe  Canyon  mine: 

From  dnmp  _ 

Slight. 

5.25 

Heading  tannel  No.  1 

...do.. 

1 

4.15 

Volatile       Fixed 
matter.  '  carbon. 


88.25 

a7.e5 

88.90 
87.25 

39.75 
50.55 


38.50 

86.  eo 

88.60 
81.50 

49:25 
41.04 


Aah.    I     Anthorlty. 


12.0 
12.5 

14.25 
18.25 

5.75 
4.26 


I 


Mathyas." 
Do.« 

Do.a 
Do.« 

Do.« 
Hil]ebrand.«» 


aTwelfth  Ann.  Rept.  California  State  Mining  Bureau,  liSH,  p.  64. 
frU.  S.  Geological  Sunrey. 


UNDERGROUND  WATER. 

In  October,  1901,  Mr.  W.  W.  Cockins,  jr.,  was  detailed  to  study  the 
ground  water  of  the  lower  Salinas  Valley.  Data  were  collected  i-egard- 
ing  the  depth  of  wells,  amonnt  of  water,  cost,  etc.  From  his  observa- 
tions, supplemented  by  the  work  of  the  Bureau  of  Soils  of  the  United 
States  Department  of  Agriculture,  the  table  on  pages  22-30  has  been 
compiled. 

The  location  of  the  wells  is  shown  on  PI.  II.  In  a  small  bow-shaped 
area  west  of  Salinas  the  wells  formerly  flowed  slightly ;  the  boundaries 
of  this  artesian  tract  are  indicated  on  the  map.  Some  of  these  wells 
flow  at  present  when  not  drawn  down  by  pumping.  The  artesian  water 
is  struck  in  a  bed  of  coarse  gravel  that  lies  about  150  feet  below  the 
surface.  In  passing  northeastward  up  the  valley  this  stratum  is 
found  at  a  greater  depth  and  the  artesian  water  rises,  but  fails  to  reach 
the  surface.  The  distance  from  the  sui'face  to  the  water  from  the 
artesian  stratum  is  shown  on  the  map  by  heavy  lines,  the  line  num- 
bered 10  indicating  that  the  ground  water  will  rise  to  within  10  feet 
of  the  surface,  but  in  order  to  reach  the  gravel  bed  it  will  be  nec- 
^sary  to  sink  150  to  160  feet  plus  10  feet,  or  160  to  170  feet,  etc. 
There  are  not  enough  deep  wells  to  trace  the  entire  outline  of  this 
basin,  but  the  direction  taken  by  the  various  curves  of  depth  indicate 
that  the  gravel  bed  may  thin  out  in  passing  up  the  valley  and  that 
they  probably  extend  northwestward  beyond  Castroville  to  the  Bay 
of  Monterey. 
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3  miles  from  the  crest  of  the  range  to  the  ocean,  and  the  greatest  width 
is  but  9  miles.  The  highest  peaks  in  this  range  are  Santa  Lucia, 
altitude  5,967  feet;  Boulder  Peak,  altitude  4,417  feet;  Pico  Blanco, 
altitude  3,680  feet;  Roundtree  Hill,  altitude  4,300  feet,  and  Pine 
Mountain,  altitude  3,600  feet.  The  average  altitude  of  the  crest  can 
not  be  less  than  3,500  feet,  and  is  probably  nearer  4,000  feet. 

Between  the  Salinas  Valley  and  the  high  Santa  Lucia  Range  are 
other  mountain  ranges,  the  most  northern  of  which  is  known  as  the 
Sierra  de  Salinas  (PI.  I).  This  is  a  long  mountain  ridge  extending 
from  the  mouth  of  the  canyon  of  Arroyo  Seco,  in  Monterey  County, 
northwestward  about  25  miles  to  the  mesa  lands  lying  southwest  of 
Salinas.  It  presents  steep  slopes  toward  the  Salinas  Valley,  shutting 
out  from  view  the  higher  and  more  rugged  ranges  nearer  the  coast. 
The  highest  point.  Mount  Toro,  altitude  3,553  feet,  is  a  broad,  rounded 
ridge.  This  range  probably  has  an  average  altitude  of  nearly  2,500 
feet  throughout  its  entire  length. 

The  mountain  range  known  as  the  San  Antonio  Hills  (PL  I)  is  a 
divergent  ridge  sent  off  from  the  most  elevated  portion  of  the  Santa 
Lucia  Range.  It  terminates  rather  suddenly  near  Bradley,  where 
San  Antonio  River  turns  northeastward  and  joins  the  Salinas. 
Although  not  conspicuous  as  a  topographic  feature  it  can  be  traced 
for  several  miles  beyond  this  point  in  the  low  rolling  ridge  northeast  of 
San  Miguel,  in  San  Luis  Obispo  County.  The  range  has  been  deeply 
eroded  and  many  canyons  extend  far  back  toward  the  rounded  crest, 
the  average  altitude  of  which  is  from  2,000  to  2,500  feet. 

Between  the  San  Antonio  Hills  and  the  main  Santa  Lucia  Range 
is  the  range  known  as  the  Sierra  de  las  Piedras  (pee  PI.  I).  It  lies 
between  San  Antonio  and  Nacimiento  rivers  and,  like  the  San  Antonio 
Hills  to  the  northeast,  is  a  divergent  ridge  from  the  main  range. 
It  extends  southeastward  to  the  point  where  the  Nacimiento  turns 
northeastward  to  join  Salinas  River,  but  can  be  traced  geologically 
to  the  San  Jose  Mountains  east  of  the  Santa  Margarita  Valley,  in  San 
Luis  Obispo  County.  Its  average  altitude  is  2,000  to  2,500  feet,  and 
it  is  an  inconspicuous  feature  in  the  general  topography  of  the  region, 
lying  as  it  does  just  northeast  of  the  main  mountain  ridge.  In  the 
past  there  has  been  much  confusion  regarding  the  names  of  these 
different  ranges. 

The  Salinas  Valley  is  the  largest  of  the  intermontane  valleys  of  the 
Coast  Range  region.  Along  the  coast  it  is  a  broad,  fertile  valley 
ranging  from  6  to  10  miles  Mdde,  gradually  narrowing  to  about  5  miles  at 
Soledad,  30  miles  inland.  For  25  miles  of  this  distance  the  valley  is 
walled  in  by  the  steep  slopes  of  the  Sierra  de  Salinas  and  the  Gabilan 
Range,  but  both  drop  down  near  Soledad  and  the  valley  widens  on  the 
northeast  side  into  a  broad  mesa,  or  elevated  plain,  lying  between  the 
Santa  Lucia  and  Mount  Diablo  ranges.  Tliis  mesa  extends  far  to 
the  southeast  and  ends  in  the  arid  Carriso  Plain,  lying  east  of  San 
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from  Sur  River  southeastward  to  San  Luis  Obispo  County.^  The  San 
Luis  formation  is  considered  to  be  the  equivalent  of  the  Franciscan 
series  and  is  probably  of  Jurassic  age. 

Vaqtiero  sandstone. — In  the  Salinas  Valley  the  Vaquero  sandstone 
is  a  well-defined  formation.  So  far  as  observed  in  this  region  it  rests 
unconformably  on  the  Basement  complex  and  on  stratified  terranes 
older  than  the  Neocene,  being  thus  in  this  locality  the  oldest  known 
member  of  the  Neocene;  in  other  localities  Neocene  formations  are 
found  below  the  Vaquero  sandstone,  indicating  that  it  is  not  the  basal 
member  of  the  Neocene. 

The  Vaquero  formation  is  a  rather  coarse,  uniformly  gray,  white  or 
light-yellow  quartzose  sandstone,  with  an  occasional  stratum  of  granitic 
pebbles.  It  is  of  great  thickness  along  the  eastern  slope  of  the  Santa 
Lucia  Range,  especially  in  Los  Vaqueros  Valley;  hence  the  designa- 
tion proposed  by  the  writer  for  this  series  of  sandstones.  In  the  Mount 
Diablo  Range  it  appears  at  a  few  points  beneath  later  formations. 
On  the  summit  of  the  Mount  Diablo  Range;  around  the  headwaters 
of  Stone  Canyon,  there  is  a  series  of  beds  beneath  the  Monterey 
shale  which  may  be  a  portion  of  the  Vaquero  or  may  be  older.  The 
Stone  Canyon  coal  beds  are  in  this  series.  The  following  fossils  have 
been  found  in  the  Vaquero  sandstone:  BcHanus  sp.?;  Mytilus  sp., 
probably  mathewsonii  Gabb;  Ostrea  tayloriana  Gabb  (Young)?; 
Ostrea  titan  Conrad?;  Pecten  magnolia  Conrad;  TurriteUa  Jioffmanni 
Gabb?;  Chione mathetvsonii  Gabb;  Chione  n.  sp.  (large,  characteristic 
of  this  horizon) ;  Mactra  aH.  catiUifomiis  Conrad;  Pecten  estrdlanus 
Conrad;  Pecten  {CMamys)  n.  sp.,  S. ;  Pecten  {Plagioctenium)  n.  sp.,  A. 

Monterey  shale. — Above  the  Vaquero  sandstone  is  found  the  Mon- 
terey shale,  which,  by  reason  of  its  peculiar  lithologic  characteristics, 
is  conspicuous  among  the  rocks  of  the  Coast  Range.  In  Monterey 
County  it  is  found  in  a  broad  belt  along  the  northeastern  slope  of  the 
Santa  Lucia  Range  and  at  frequent  intervals  along  the  southwestern 
slope  of  the  Mount  Diablo  Range.  In  both  ranges  it  extends  south- 
ward far  beyond  Monterey  County.  It  is  usually  found  resting  on 
the  Vaquero  sandstone,  but  is  also  in  contact  with  older  formations 
at  several  points. 

This  formation  consists  of  an  enormous  thickness  of  thin-bedded 
siliceous  shales,  with  a  small  amount  of  limestone  and  cherts,  especially 
near  the  base.  The  shale  beds  varj'  in  thickness  from  a  fraction  of  an 
inch  up  to  2  feet,  and  in  color  from  white,  through  brown  and  choco- 
late color,  to  black.  The  more  porous  shales  tend  to  weather  white, 
while  the  cherts  remain  brown  or  black,  and  the  limestone  weathers 
a  rusty  brown. 

When  first  exposed  these  shales  and  limestones  are  dark,  often 
black,  with  disseminated  bituminous  and  carbonaceous  matter.  If 
closely  examined  under  a  microscope  or  with  a  magnifying  glass,  they 


«» Jour.  OeoL,  vol.  a  ISJK^JJp.  416-426. 
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are  seen  to  contain  vast  numbers  of  minute  fossil  shells  and  fish 
scales.  These  fossils  are  the  remains  of  marine  animals,  and  show 
that  the  shales  were  deposited  in  the  ocean.  It  appears  probable  that 
the  ori^nic  remains  buried  in  the  Monterey  shale  are  in  part,  at  least, 
the  primary  source  of  the  oil  and  bitumen  found  in  Neocene  rocks  in 
California. 

At  the  base  of  the  Mount  Diablo  Range,  in  Cholame  Valley,  is 
found  a  thick  series  of  sandstones  and  shales,  resting  on  the  Monterey 
shale.  Conspicuous  in  this  series  are  beds  of  bluish-gray  sandstone 
and  shale  much  resembling  the  Monterey  shale  below.  There  are 
many  alternations  of  the  sandstone  and  shale  beds,  both  of  which 
contain  certain  well-marked  fossil  forms.  In  Priest  Valley  there  is  a 
thick  series  of  sandstone  and  shale  very  similar  in  appearance  to  the 
series  in  Cholame  Valley,  but  it  contains,  in  addition  to  the  sandstone 
and  shale  beds  noted  above,  two  thin  beds  of  impure  lignite.  Some 
of  the  fossils  in  the  Priest  Valley  region  are  identical  with  those  in 
Cholame  Valley.  The  field  work  was  not  done  in  enough  detail  to 
determine  the  stratigraphic  relations  of  these  beds.  Our  present 
knowledge  only  warrants  us  in  saying  that  both  belong  to  the  Neocene 
and  are  probably  a  portion  of  what  is  known  as  the  Miocene. 

Santa  Margarita  formation. — Above  the  Monterey  shale  on  the 
southwest  side  of  the  Salinas  Valley  is  found  a  series  of  rocks  to 
which  Mr.  H.  W.  Fairbanks^  has  given  the  name  Santa  Margarita 
formation.  It  has  a  most  characteristic  fauna,  and  is  probably  the 
equivalent  of  the  San  Pablo  formation,  described  by  Dr.  J.  C.  Mer- 
riam.*  In  the  Santa  Lucia  Range,  where  it  outcrops  at  frequent 
intervals  northeast  of  the  Monterey  shale  belt,  it  consists  of  soft  gray 
sandstone.  On  the  northeast  side  of  the  Salinas  Valley  the  formation 
is  sandstone  at  the  base,  grading  upward  into  soft  chalk-like  shale 
and  clay  shale.  It  outcrops  over  a  large  area  in  the  Salinas  Valley 
near  Kings  City,  where  the  most  characteristic  fossil  is  the  large  bar- 
nacle Tamiosomia  gregaria  Conr.  The  sandstone  beds  of  this  for- 
mation, in  many  localities  in  California,  are  saturated  with  bitumen 
and  asphaltum.  The  occurrence  of  such  beds  in  Monterey  County 
is  described  on  page  18.  From  the  incomplete  data  at  hand  it  seems 
probable  that  the  Santa  Margarita  formation  is  more  recent  than  the 
sandstones  and  shales  noted  in  Cholame  Valley  and  in  Priest  Valley. 

Paso  Rdbles  formation. — ^In  the  upper  Salinas  Valley  is  found  a 
series  of  rocks  known  as  the  Paso  Robles  formation,  which  has  been 
described  by  Mr.  H.  W.  Fairbanks.*'  The  basal  beds  of  this  forma- 
tion are  conglomerates,  above  which  lie  alternating  beds  of  reddish 
clay  and  conglomerates  composed  of  pebbles  of  shale,  jasper,  and 
granitic  rocks.     The  conglomerates  seam  to  be  of  local  origin  and 

uQeologic  Atlas  U.  8.,  foUo  101,  U.  S.  Geol.  Surrey,  1903. 
frBulL  Dept.  Qeology,  Univ.  California,  Yol.  2, 1808,  pp.  118-116. 
cjoar.  GeoL,  toI.  6, 1806,  p.  666. 
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The  character  of  the  ntrata  fillini^  the  lower  ])ortion  of  the  valley  is 
shown  by  a  well  (No.  204  in  table)  drilled  near  the  eourt-houHe  at 
Salinas,  at  an  altitude  of  about  33  feet  above  sea  level. 

Record  of  Salinas  well. 


Chjuucter  of  strata. 


AHavimn 

Yellow  clay 

Yellow  sand. 

Yellow  day 

Yellow  qmcksand 

Yellow  clay 

Blue  sand 

Blue  clay 

Yellow  clay  (small  flow  of  gas) 


Brown  Yegetable  mold  (strong  flow  of  gas,  bnt  well  soon 
filled  with  water) 


Sand  and  coarse  grayel 

Bine  clay 

Yellow  clay  .. :._ 

Sand  and  gpravel  alternating  . . 

Quicksand 

Decomposed  coarse  gravel 

Tongh  yellow  clay 

Bine  clay 

Black  sand  and  mnd 

Rotten  grayel  - _ 

BInishsand 

Bine  clav 

Yellow  sand  and  coarse  gravel 

Tough  yellow  clay _. 

Yellow  sand  and  coarse  gravel 

Tongh  yellow  clay 

Yellow  sand 

Coarse  gravel  and  sand _ . 

Tough  whitish  clay 

Gray  sand  and  gravel. _  _ . 

Seam  of  limestone 

Tough  yellow  clay. 

Mud 


Sand  and  gravel 

Yellow  clay 

Sand  and  coarse  gravel 


Thirkn««»i(. 

Dopthot 
bottom  of 
formation. 

Ft.  In, 

Ft.  In. 

4 

0 

4  0 

6 

0 

10  0 

8 

0 

18  0 

5 

0 

23  0 

18 

0 

41  0 

16 

0 

57  0 

5 

0 

62  0 

10 

o' 

72  0 

10 

0 

82  0 

3 

0 

85  0 

10 

0 

95  0 

0 

0 

100  0 

25 

0 

125  0 

57 

», 

182  0 

10 

0 

192  0 

10 

0 

202  0 

2 

0 

204  0 

28 

0 

232  0 

3 

0 

235  0 

2 

0 

237  0 

10 

» 

247  0 

17 

0 

264  0 

43 

0 

307  0 

1 

0 

308  0 

50 

0 

358  0 

10 

0 

368  0 

9 

0 

377  0 

95 

0 

472  0 

0 

479  0 

15 

0 

494  0 

0 

4 

494  4 

51 

0 

545  4 

0 

8 

546  0 

156 

0 

702  0 

5 

0 

707  0 

15 

0 

722  0 
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Record  of  Salinas  well — Continaed. 


Character  of  strata. 


Yellow  clay 

Gravel  and  bowlders 

Tough  clay  and  limestone 

Yellow  sand 

Clay,  gravel,  and  cement. 

Cement  sand 

Dry  yellow  sand 

Gray  clay  with  limestone 


Depth  of 
bottom  of 
formation. 


Ft.  Ju. 

728  0 

743  0 

753  0 

761  0 

765  0 

775  0 


777  0 

778  0 


The  gravel  brought  to  the  surface  consists  of  small  waterworji  peb- 
bles from  half  an  inch  to  2  or  3  inches  in  diameter;  many  of  the 
coarser  pebbles  were  broken  in  the  well.* 

It  is  probable  that  the  abundant  supply  of  ground  water  is  struck 
in  the  beds  of  sand  and  gravel  from  125  tx)  202  feet  in  depth.  The 
well  appears  to  have  pierced  the  clays  and  limestone  of  the  older  forma- 
tion at  a  depth  of  472  feet,  or  about  440  feet  below  sea  level.  This  is 
then  an  approximate  measure  of  the  depth  of  the  detritus  filling  this 
portion  of  the  valley. 

In  1880  a  well  was  drilled  at  Castroville  to  a  depth  of  178  feet,  pro- 
ducing a  volume  of  fresh  water,  which  at  high  tide  flowed  in  large 
quantity  over  the  casing  and  at  low  tide  ceased  flowing.  This  well  is 
near  the  mouth  of  Salinas  River,  and  the  surface  of  the  ground  is  20 
feet  above  the  river.* 

The  gathering  ground  for  this  body  of  underground  water  is 
unknown,  but  the  close  agreement  of  the  basin  with  the  outcrops  of 
the  sand  hills  on  both  sides  of  the  valley  suggests  that  this  forma- 
tion may  be  the  source  from  which  the  water  is  indirectly  derived 
by  seepage.  This  idea  is  strengthened  by  the  fact  that  the  water  from 
the  deep  wells  is  of  about  the  same  purity  as  that  found  in  the  sand 
hills,  being  far  purer  than  the  river  water,  the  surface  water  in  this 
portion  of  the  valley,  or  the  water  derived  from  the  older  formations. 
This  water  may  possibly  be  derived  by  percolation  through  deeply 
buried  gravel  beds,  from  the  Arroyo  Seco  or  the  upper  Salinas,  but 
deep  borings  have  not  proved  that  conditions  are  favorable  to  tliis 
origin. 

Southeast  of  Salinas,  as  far  as  Kings  City,  there  are  a  few  pumping 
plants  used  for  irrigation,  some  of  which  draw  water  from  the  river. 
They  are  described  on  page  80.  The  wells  in  this  portion  of  the 
valley  do  not  furnish  sufficient  data  on  which  to  base  an  opinion  as  to 


a  Tenth  Ann.  Rept.  California  State  Mining  Boreau,  1890,  p.  346. 
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the  underground  conditions  other  than  that  the  supply  of  ground 
water  is  limited  except  along  the  river. 

The  only  artesian  well  not^  in  Monterey  County,  except  in  the 
vicinity  of  Salinas,  is  on  the  Pleyto  ranch  (PL  I),  at  Mr.  Pinkerton's 
place,  one-half  mile  southeast  of  Pleyto.  The  total  depth  of  this  well 
is  145  feet.  At  depths  between  70  and  100  feet  the  drill  was  in  hard, 
black  rock,  and  at  100  feet  water  rose  9  feet.  At  145  feet  a  bed  of 
hard  rock  was  x)enetrated  and  the  water  then  flowed  over  the  top  of  a 
7-inch  casing.^  This  well  is  situated  in  the  lower  end  of  a  synclinal 
basin,  at  a  point  where  one  would  expect  to  secure  an  artesian  flow  if 
there  is  one  in  that  locality.  This  basin  extends  northwestward  about 
20  miles,  and  there  is  a  possibility  that  a  small  artesian  flow  may  be 
struck  in  the  southeast  part  of  it,  between  Jolon  and  Pleyto.  At  no 
other  point  in  Monterey  County  were  conditions  favorable  for  artesian 
wells  observed. 

It  seems  probable  to  the  writer  that  deep  wells  in  the  mesa  region 
on  the  east  side  of  the  valley,  southeast  of  Kings  City,  may  yield 
sufficient  water  for  stock-raising  purposes  if  pumped.  This  can  be 
proved  only  by  exjieriment,  however. 

ClilMATE. 

CLIMATIC  FACTORS. 

In  an  appendix  to  a  report  on  the  climatology  of  the  arid  regions  of 
the  United  States  with  reference  to  irrigation  Mr.  A.  W.  Glassford 
makes  the  following  statements :  ^ 

Two  inflnences  dominate  the  climate  of  California,  radically  dissimilar  in  every 
particular,  combining  in  ever-varying  forces  to  produce  the  resultant  which  is 
recorded  by  observers  of  the  weather.  One  is  the  sea,  tending  always  to  charge 
the  air  with  moisture,  the  other  the  mountain  mass,  tending  always  to  discharge 
the  moisture  from  the  air.  The  combination  of  these  two  activities  in  varying 
proportions  is  responsible  for  the  variation  in  the  amount  of  precipitation,  includ- 
ing months  of  drought.  It  is  necessary  to  consider  these  two  active  and  deter- 
mining forces  not  merely  in  their  resultant,  but,  so  far  as  is  possible,  by  resolution 
into  their  component  forces  as  well.  In  the  present  state  of  knowledge  the  reso- 
lution can  not  be  complete,  yet  the  extent  to  which  it  can  be  made  affords  inter- 
esting resnlts. 

The  mountain  factor.— The  States  of  California  and  Nevada  abut  upon  the 
TTiftTiTnTiTn  extension  in  latitude  of  the  Cordilleran  system,  by  which  designation 
is  inclusively  implied  all  those  ranges,  basins,  and  valleys  which  in  a  looser  descrip- 
tion are  often  spoken  of  as  the  backbone  of  the  continent  and  considered  to  include 
everything  from  the  eastern  ranges  of  the  Rocky  Mountains  to  the  Pacific  Ocean. 
Between  the  x)araUels  of  35**  and  40°  this  system  attains  not  only  its  greatest 
breadth,  but  its  greatest  general  elevation.  It  extends  from  eastern  Colorado 
across  four  States  and  into  the  ocean,  where  but  a  few  miles  from  the  California 
coast  it  breaks  short  off  from  the  continental  shelf  and  plunges  to  abysmal  depths. 


alnformatioii  fnmiahed  by  W.  Pinkerton. 

^  Irrigation  and  water  storage  in  the  arid  region:  House  Ex.  Doc.  287,  Fifty-first  Congress,  sec- 
(ad  session,  pp.  334-337. 
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Not  only  is  its  width  greatest  between  these  ijarallels,  and  therefore  productive  of 
its  maximum  influence  upon  the  general  circulation  of  the  atmospliere,  but  alec 
by  the  massing  of  many  of  its  extreme  heights  within  these  sAine  limits  it  exerts 
such  violent  influence  of  i)erturbation  as  is  due  to  sudden  ui)lifting  of  air  bodies 
to  great  altitudes.  Thus  in  Colorado  there  is  a  chain  of  peaks  all  rising  to  a 
height  of  more  than  14.000  feet,  of  which  Pikes  Peak  is  the  eastern  outijost;  Ut^h 
and  Nevada  form  the  Great  Basin,  on  a  general  level  of  5,000  feet;  in  California 
the  Sierra  Nevada  has  its  peaks  of  14,000  feet,  as  well  as  Colorado,  and  at  the 
very  edge  of  the  sea  is  another  range  of  mountains  lower  than  the  Sit^rras,  yet  of 
marked  influence  upon  the  climate  and  the  rainfall  in  particular.  These  systemi* 
within  the  limits  of  the  two  States  now  under  examination  may  properly  claim 
more  detailed  investigation. 

The  characteristic  orographic  feature  of  this  region  is  the  Sierra  Neva<la,  and 
it  is  as  well  the  predominant  climatic  instrument  both  for  California,  to  which  it 
gives  the  rain,  and  for  Nevada,  from  which  it  withholds  it.  The  geographer  and 
the  geologist  unite  in  considering  this  the  most  interesting  and  important  link  in 
the  Cordilleran  system,  and  the  climatologist  must  unhesitatingly  and  without 
reserve  give  adhesion  to  their  judgment.  In  brief  description  it  is  a  long  and  ele- 
vated mountain  chain,  on  the  whole  the  most  conspicuous  on  the  continent.  It 
displays  its  greatest  prominence  when  viewed  from  the  west,  because  on  this  side 
it  falls  almost  to  sea  level,  while  ui)on  its  eastern  slo^^e  it  merges  into  the  general 
high  altitudes  of  the  interior  plateau.  But  it  does  not,  however,  l)order  immedi- 
ately on  the  o(!ean,  since  for  all  its  course  there  lies  between  its  foothills  and  the 
sea  beach  a  chain  of  lower  mountains,  known  as  the  Coast  Ranges.    ♦    ♦    * 

These,  the  Coast  Ranges,  are  sufiiciently  important  in  their  relations  to  precipi- 
tation to  merit  more  close  consideration.  The  most  important  part  of  the  Cosii^t 
Ranges  is  that  which  fences  off  the  great  valley  of  the  Sacramento  and  San  Joaquin 
rivers  from  the  sea.  In  this  portion  of  their  length,  where  they  may  be  clearly 
distinguished  from  all  series  of  inosculating  elevation,  they  have  a  length  of  fully 
400  miles,  and  in  width  vary  from  40  to  70  miles;  in  this  particular  it  is  to  Ik* 
noted  that  their  eastern  limit  is  fixed  with  considerable  precision  of  definition  at 
a  i)ractically  constant  distance  from  the  western  limit  of  the  Sierras;  the  expansions 
are  uniformly  made  by  encroachments  ui)on  the  sea.  Tlie  system  comprises  a 
multitude  of  subordinate  ranges,  some  large,  some  small,  but  almost  all  distin- 
guished by  names  l)estowed  upon  them  during  the  former  Spanish  occu^yation  of  the 
country,  with  a  few  Indian  names  yet  preserved  for  characteristic  peaks.  The 
general  trend  of  the  subranges,  as  of  the  system  at  large,  is  with  a  tendency  towanl 
parallelism  with  the  coast.  In  proportion  to  distance  from  San  Francisco,  where* 
tlie  system  is  broken  through  at  sea  level  by  a  gap  but  a  mile  in  width,  the  sum- 
mits and  the  general  elevation  are  found  to  be  higher,  and  this  is  true  l)oth  north 
and  south.  ♦  *  *  From  Mount  Hamilton  the  ridge  of  3,000  feet  elevation  con- 
tiinies  without  interruption  and  almost  in  a  right  line  to  the  Tehachapi  country 
and  its  coalescence  with  the  same  level  of  the  Sierra  system.    *    ♦    * 

Having  thus  indicated  the  orographic  skeleton  of  the  country,  it  comes  next  in 
order  to  examine  the  valleys  infolded  between  these  mountains. 

As  it  is  the  greatest,  so  is  the  Great  Valley  of  California  the  most  important: 
it  frequently  takes  the  names  of  the  rivers  which  traverse  it  and  is  known  in  it.s 
northern  pj:)rtion  as  the  Sa(;ramento  Valley,  and  in  its  southern  half  as  the  San 
Joaciuin  Valley.  It  is  fenced  on  the  east  by  the  Sierra  Nevada,  on  the  west  by  the 
Coast  Rang(^8,  and  at  north  and  south  by  the  coalescence  of  its  side  walls. 
Bc^tween  these  w^alls  it  has  a  length  of  al)out  450  miles  and  maintains  the  average 
breadth  of  40  miles.     *    *    ♦ 

In  the  Coast  Ranges  are  many  fertile  valleys,  which  vary  greatly  in  size  and 
conditions,  according  to  position.    »    ♦    *    North  of  the  [San  Francisco]  bay  the 
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valleTs  nnifonnly  open  into  the  Sacramento  Valley,  and  each  has  a  name  which  ha» 
D'jarly  the  value  of  a  trade-mark  in  the  markets  for  farm«  orchard «  and  vineyuni 
pnjdnce.  ♦  »  ♦  South  of  the  bay,  on  the  dry  eontem  sloiw  of  the  C<mMt  RanK<*». 
Dot  a  valley  is  to  be  found  of  any  moment.  Went  of  the  HnmmitM  are  to  be  fonnd 
several  fertile  valleye.  Of  theee  the  valley  of  Santa  Clara  and  Alame<la  o|M>n  on 
the  Bay  of  San  Francisco,  and  the  valleys  of  the  San  Benito  and  the  Salinaii  ofH^n 
on  the  Pacific  at  the  Bay  of  Monterey.    ♦    ♦    ♦ 

The  oceanic  factor. — ^This  presentation  of  the  mountain  mast<et<of  the  refn(»n 
under  study  has  been  made  for  the  purpose  of  showing  what  inflnpnc4>H  may  In* 
counted  on  as  constantly  exerted  to  discharge  the  moisture  from  the  atiiitMphere. 
Another  influence  is  constantly  exerted  to  charge  the  atmosphere  with  moisture, 
and  this  influence  should  be  examined  in  turn.  It  is  found  in  the  Pacific  Ocean, 
whk'h  washes  the  entire  coast  of  California.    *    *    * 

The  largest  of  all  the  oceans,  the  Pacific,  is  least  subject  to  perturbing  influen<'e«4 
of  a  local  character.  Its  conditions  are  constant  over  large  areas:  its  curreut^i, 
buth  of  wind  and  ^ater,  are  drawn  in  broad,  sweeping  curves,  in  which  extent  of 
i^pQce  and  time  of  passage  serve  to  override  all  mere  local  or  teniiiorary  modifica- 
tions. Thus  it  is  enabled  to  present  almost  the  ideal  problem  of  oceanic  cirt*ula- 
tioD  and  to  array  upon  the  climate  of  California,  and  in  a  mtxlified  degret*  that  of 
Xe^-ada,  a  few  masses  of  simple  influence  which  become  involve<l  and  difficult  of 
>tndy  only  through  the  continental  disturbances. 

Without  interruption  that  part  of  the  North  Pacific  Oi  ean  which  may  be  con- 
siikred  as  modifying  the  climate  of  California  stretches  away  over  nearly  1(N> 
drjfrees  of  longitude.  To  the  west  it  is  bounded  by  the  extreme  Orient  *  ♦  ♦ 
The  northern  limit  is  drawn  by  the  Aleutian  Islands,  and  the  eastern  lN>rder  is  the 
i^bore  of  North  America.  To  the  south  no  consistent  mass  of  land  api>ear8  to  hem 
this  ocean  in,  yet  the  barrier  is  none  the  less  strong  because  it  may  be  measured 
only  with  the  instmments  of  the  meteorologist.  It  exists  at  the  thirtieth  parallel 
of  north  latitude.  Below  this  lx)unding  line  is  the  region  of  northeast  tnide 
winds  and  the  'westward  drift  of  the  equatorial  current,  and  thtsi*  two  serve 
snfficiently  to  bound  in  wind  and  water  the  great  liasin  alx>ve.    *    ♦    * 

Tbe  winds  ux>oii  this  basin  are  of  the  system  of  the  {mssage  winds  which  are 
developed  upon  the  surface  of  the  earth  by  the  descent  from  high  altitudes  of 
upper  currents.  In  general  these  winds  vary  with  the  latitude  from  southwest, 
westerly,  to  northwest.    ♦    ♦    ♦ 

Tbe  Califomian  parallels  lie  entirely  within  the  northern  zone  of  the  passiige  or 
antitrade  winds,  and  are  therefore  under  an  atmosphere  with  a  uniformly  e^istem 
progression  as  a  part  of  the  general  system  of  atmospheric  circulation  of  the 
globe.    *    ♦    » 

The  wind  drawn  in  from  sea  by  the  general  circulation  of  the  atmosphere  may 
be  taken  to  have  in  suspension  the  maximum  amount  of  moisture,  and,  other 
things  being  equal,  to  approximate  the  saturation  amount  theoretically  to  be 
expected  in  air  of  a  given  pressure  and  at  a  given  temperature. 

WINDS. 

Throiigliout  California  the  general  drift  or  movement  of  the  atmos- 
phere is  to  the  southeast.  Over  the  land,  however,  the  direction  and 
velocity  of  the  wind  are  much  modified  by  the  trend  of  the  mountain 
ranges  and  intervening  valleys,  as  well  as  by  diurnal  and  seasonal 
changes  in  temperature.  Along  the  coast  the  northwest  passage 
winds  blow  with  remarkable  regularity  during  the  summer,  «and  more 
or  less  constantly  during  the  entire  year.     The  diurnal  changes  in 
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ttMiiperature  over  the  land  cause  the  daily  fluctuation  in  these  M'inds. 
Oi-dinarily  the  wind  from  the  ocean  begins  to  blow  inland  during  the 
forenoon  and  increases  in  force  until  late  in  the  aft-ernoou,  when  it 
gradually  subsides.  This  is  known  as  tlie  sea  breeze.  During  the 
night  there  is  often  a  light  breeze  seaward,  known  as  the  land  bret^ze. 
The  sea  and  land  breezes  are  but  local  modifications  of  the  general 
drift  of  the  atmosphere,  and  depend  principally  upon  the  difference  in 
temperature  between  the  land  and  the  sea.  In  valleys  that  op*Mi 
toward  the  northwest  and  extend  far  inland  between  high  mountain 
ranges,  as  tlie  Salinas  Valley,  the  sea  winds  are  usually  strong,  and 
during  the  summer  season  often  violent. 

In  the  accompanying  tables  are  given  anemometer  reconls  of  the 
total  wind  movement  in  miles  per  day  at  Salinas  from  January  1, 1902, 
to  March  13, 11)03,  and  at  Kings  City  from  January  1,  1902,  to  March  14, 
1903.  The  greater  part  of  this  wind  movement  is  up  the  Salinas 
Valley  and  takes  place  during  the  afternoon. 

Total  daily  vrind  movement ^  in  miles ,  at  Saliiiwt, 


T 


Date. 


1902. 
January. -- 
February  . 

March 

April 

May 

June 

July 

August  ... 
Septeml)er 
October  _ . . 
November - 
December  . 


115 


206 
207 
247 


111 


3. 


B. 


183 
174 
281 


113 
159 
201 
174 
213 


107 
127 
160 
156 
203 


114 
161 
122 
125 
184 


128 
217 
104 
242 
180 


59 
199 
161 
308 
172 
180 


9. 


10. 


192 
142 
202 
125 


242 
169 
185 
131 


197 
171 
161 
163 


I 


1903. 
January... 
February  . 
March 


134 

115 

148 

97 

125 

109 

150 

161 

131 

221 

168 

152 

186 
236 
172 
120 
167 

158 
220 
166 


166 
132 

92 
133 

96 

200 
148 
193 


186 
173 
139 
112 
109 

214 
130 
129 


176 
151 
181 
133 
66 

145 
140 


134 
215 

228 
131 
157 
174 


195 
172  , 
120 


149 


94 


230 


133  ■  170 


91 
139 
197 
151 
169 
170  , 
104  j 
191  I 
157  ' 


11. 


130 

103 

201 

147  ! 

124 

204 

145 

191 

143 


130 

167 

462 

355  : 

131 

214 

98 
119 
325 


132 
91> 

101 


14ii 
ISI 

144 

1X0 

211 

13:5 
190 
146 
162 
104 
146 

107 
197 

184) 


HAMIASJ] 

WINDS. 

87 

Total  i 

daily  wind  niovemen 

ft,  in  n 
15. 

liles,  at  Salinas — Continned. 

10.    17.    la.    19.    80. 

I         : 

• 

1 

Date. 

12. 

13. 

U. 

:  «. 

1903. 

Januarv... 

182 

112 

90 

59 

103 

123 

132 

123 

99 

100 

Febroaiy 

156 

124 

255 

349 

212 

177 

115 

150 

162 

218 

March 

131 

180 

243 

180 

149 

53 

240 

149 

137 

149 

April _ 

158 

129 

138 

127 

168 

161 

160 

175 

22:j 

147 

Mav 

135 

197 

141 

154 

162 

210 

257 

304 

1K7 

175 

June 

July 

289 

200 

168 

206 

188 

2<H 

185 

169 

la") 

199 

Ang^nst 

165 

170 

184 

163 

198 

203 

148 

191 

222 

140 

September 

157 

153 

125 

165 

128 

146 

140 

164 

236 

165 

October 

145 

114 

228 

115 

159 

129 

157 

131 

12:^ 

41 

November 

105 

115 

94 

89 

127 

135 

90 

175 

84 

132 

December 

97 

52 

100 

156 

257 

107 

112 

128 

90 

140 

1903. 

January 

194 

187 

149 

145 

178 

106 

129 

a5 

106 

91 

February 

100 

160 

159 

139 

133 

142 

167 

164 

188 

160 

Marpb 

141 

241 

257 
24. 

26. 

86. 



27. 

8R. 



89. 

30. 

Date. 

22. 

23. 

31. 

1902. 

January _. 

96 

K4 

181 

240 

255 

80 

96 

102 

239 

48 

February . . 

March  ._ 

280 

210 
226 

203 

88 

181 
188 

164 
128 

107 
157 

100 
164 

120 

120 
223 

146 
50 

148 

April 

May 

188 

137 

150 

179 

243 

138 

209 

152 

227 

284 

June 

Julv _. 

173 
177 

161 

183 

177 
205 

236 
162 

271 

165 

203 
149 

174 
143 

ia5 

179 

211 
152 

209 

August 

150 

September 

163 

181 

179 

171 

171 

151 

205 

158 

180 

October 

286 

212 

179 

125 

116 

99 

HT} 

126 

119 

131 

November 

139 

144 

121 

111 

131 

94 

91 

101 

131 

December 

235 

128 

199 

129 

130 

95 

65 

135 

150 

106 

1903. 

January 

122 

106 

125 

105 

174 

222 

206 

93 

109 

221 

February 

March 

107 

113 

121 

98 

129 

122 

143 

--...- 

1 
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Total  daily  wind  movement,  in  miles,  at  Kings  City, 


Date. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

1902. 

1 

January 

February 

126 

110 

• 
122 

136 

159 

153 

170 

190 

141 

125 

134 

March 

160 

312 

180 

151 

137 

295 

90 

355 

178 

207 

221 

April 

271 

181 

109 

166 

60 

220 

304 

199 

283 

262 

962 

May 

228 

299 

264 

197 

98 

197 

183 

332 

253 

578 

00 

June 

302 

331 

348 

344 

267 

301 

312 

209 

231 

238 

:J24 

July 

300 
306 

243 

289 

240 
234 

417 
271 

244 
245 

296 
262 

243 
242 

229 
282 

239 
294 

308 
326 

214 

August 

:wrr 

September 

189 

210 

257 

216 

255 

229 

244 

208 

248 

237 

206 

October  . 

490 

178 

482- 
63 

86 

228 

_  ^.  —  — 

November 

222 

169 

146 

131 

264 

341 

370 

136 

December 

147 

162 

222 

86 

123 

145 

94 

147 

202 

441 

1S7 

1903. 

January     . 

134 

136 

128 

177 

158 

140 

149 

102 

122 

102 

140 

February  

128 

124 

236 

79 

118 

91 

80 

267 

163 

141 

162 

March 

151 

150 

299 

123 

167 

121 

99 

258 

241 

121 

192 

.   Date. 

12. 

13. 

14. 

15. 

1«. 

17. 

18. 

19. 

80. 

21. 

1902. 

January  _ _ 

February  

214 

162 

224 

299 

200 

331 

250 

230 

154 

213 

March 

192 
337 
247 

292 
237 

184 

240 
208 
225 

282 
169 
240 

208 
219 
291 

95 

285 
430 

282 
233 
395 

194 
324 
464 

162 
313 
289 

322 

April 

128 

May 

234 

June 

306 
210 

330 
270 

396 
259 

359 

;wi 

284 
279 

280 
350 

216 
181 

271 
2a3 

258 
307 

267 

July 

253 

August 

287 

175 

167 

235 

321 

244 

216 

244) 

206 

212 

September 

216 

246 

255 

243 

203 

177 

192 

184 

264 

169 

Oc5tol)er 

100 
123 

118 
107 

204 
165 

115 
112 

225 

180 

119 
190 

161 
146 

131 
127 

November 

156 

162 

Deceml)or 

76 

103 

140 

132 

194 

69 

53 

99 

64 

1903. 

January 

95 

111 

107 

186 

1JJ5 

155 

128 

172 

243 

132 

February 

193 

198 

127 

91 

123 

119 

122 

147 

145 

124 

March 

180 

307 

266 

! 
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Date. 


Total  tlaiiy  unnd  mifvement^  in  miles,  at  Kings  City — (Vrntinnel. 

I 


i». 


». 


1902. 
.Tannary  . . 
F**bniary  . 
March  .... 

April 

Mav 

June 

July 

August  _ . . 
September 

October 

November. 
December. 


1903. 
January  .. 
February  , 
March 


323 
257 
213 
173 
243 
228 
239 
140 
210 
88 
99 

147 
124 


143 
311 
157 
207 
250 
210 
277 
163 
276 
115 
98 

109 
106 


397 
163 
198 
254 
360 
236 
268 
276 
280 
91 
98 

130 
236 


240 
215 
217 
262 
273 
283 
214 
314 
132 
78 
150 

162 

214 


374 
320 
152 
322 
200 
253 
210 
231 
270 
112 
110 
195 


187 
149 


I 


118 
192 
173 
160 
24:^ 
405 
3a5 
204 
142 

ia3 

126 
111 

312 
109 


I 


101 
146 
156 
204 
32:^ 
*{8 
323 
213 
289 
171 
15:j 
209 

320 
15» 


197 
156  I 
367 
2:JS  ' 


•>'^5  I 


189  , 

2a3 

204 
113 


91 


ia5  15: 


128 
214 

:U9 

2SS 
2H6 
237 
148 
175 
198 
100 


175       197 


:fl 


124 
190 
:i:i5 

219 
270 
125 

56 


RAINFALL. 

When  the  passage  winds  reach  the  coast  they  sometimes,  under 
proper  conditions,  precipitate  a  portion  of  their  moisture.  One  of 
these  conditions  is  cooling  of  the  air  by  contact  with  a  cool  land  an^a 
or  ])y  being  forced  to  a  great  altitude  in  passing  over  mounUiin  ranges, 
for  the  cold  summits  of  mountains  are  effective  condensers  of  mois- 
ture. Such  conditions  do  not,  however,  occur  along  the  cojist  of 
Monterey  County,  for  the  general  movement  of  the  air  currents  there 
is  from  the  northwest  to  the  southeast,  parallel  with  and  not  across 
the  mountain  ranges.  In  addition  to  this  the  air  currents  in  their 
southeastward  drift  are  continually  passing  into  a'  warmer  region, 
where  the  temperature  of  the  air  is  raised  and  its  capacity  for 
absorbing  moisture  increased.  Thus  the  passage  winds,  although 
racist  and  cool  on  the  coast,  become  dry  in  the  interior  and  abstract 
moisture  by  evaporation  from  every  stream  and  lake,  from  tlio  soil, 
and  from  all  vegetation.  These  northwest  winds  bring  no  moisture 
to  the  land  along  the  coast  south  of  San  Francisco. 

The  above-described  climatic  conditions  are  practically  constant, 
recurring  from  day  to  day  throughout  the  year  unless  modified  by 
general  atmospheric  disturbances  accompanying  regional  st/f)rms. 
As  is  well  known,  in  cyclonic  storms  of  vast  extent  the  storm  center 
is  an  area  of  low  barometer  toward  which  the  witids  blow  from  every 
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direction.  The  path  of  these  storms  shifts  with  the  seasons,  moviiig 
southward  during  the  autumn  and  reaching  the  coast  of  Washing- 
ton and  Oregon  in  October  or  November.  Many  pass  eastward 
without  bringing  rain  to  central  or  southern  California;  others,  how- 
ever, are  deflected  southward  by  atmospheric  conditions  east  of 
the  Cascade  Mountains  and  the  Sierra  Nevada  and  pass  over  Cali- 
fornia, Nevada,  and  Arizona.  These  storms  are  preceded  by  south- 
east, south,  or  southwest  winds  along  the  coast  regions  of  California, 
or  toward  the  storm  center  in  the  northern  part  of  the  State.  The 
general  direction  of  these  storm  winds  is  nearly  at  right  angles  to  the 
general  drift  of  the  passage  winds  and  across  the  trend  of  the  moun- 
tain ranges  of  the  State.  This  marked  change  in  the  direction  of  the 
wind  is  an  important  factor  in  the  rainfall  on  the  Pacific  coast. 
These  moist  southerly  winds  pass  from  a  warm  to  a  cooler  region  and 
are  cooled  suflBciently  to  cause  precipitation,  thus  giving  rain  over 
sea  and  land. 

These  moisture-laden  storm  winds  from  the  Pacific,  on  encounter- 
ing the  mountain  ranges  along  the  coast  and  in  the  interior,  are 
forced  to  rise  to  a  considerable  altitude,  where  they  are  still  further 
cooled  and  precipitate  a  large  part  of  their  moisture,  leaving  the 
regions  to  the  east  of  the  mountain  ranges  dry  and  barren. 

Aridity,  or  rather  the  unequal  distribution  of  moisture,  is  largely  the  result  of 
topography  or  inequalities  of  land  surface.  If  the  land  were  perfectly  flat,  it 
is  probable  that  the  winds,  meeting  with  no  obstructions,  would  distribute  the 
rains  with  considerable  uniformity  in  broad  bands  approximately  parallel  to  the 
equator;  but  the  relatively  thin  layer  of  dense  atmosphere  surrounding  the  globe 
is  disturbed  in  its  uniform  flow  by  the  lofty  mountain  masses  which  traverse  the 
continents.  The  atmosphere  surrounding  the  earth  extends  outward  many  miles, 
but  it  is  the  layer,  a  mile  or  two  in  thickness,  resting  immediately  upon  the  sur- 
face, and  relatively  dense,  within  which  occur  the  changes  or  disturbances  that 
make  up  what  we  know  as  *' weather.'*  The  movements  of  the  air  above  this 
thin  layer  concern  us  little,  but  the  behavior  of  the  clouds  and  ivinds  near  the 
surface  of  the  ground  brings  success  or  failure  to  the  farmer,  and  affects  more  or 
less  directly  other  industries,  and  even  health.  <* 

The  marked  influence  of  topography  on  the  distribution  of  rainfall 
is  strikingly  shown  in  fig.  1.  This  diagram  shows  graphically  the 
increase  in  rainfall  due  to  difference  in  altitude  on  the  west  side  of 
the  Sierra  Nevada  and  the  no  less  pronounced  decrease  on  the  east 
side,  indicating  how  completely  the  moisture-laden  winds  have  been 
robbed  of  their  moisture  by  the  cold  mountain  range.  This  diagram 
consists  of  a  profile  or  section  drawn  along  a  line  from  Farallou 
Islands  through  San  Francisco,  across  the  Sacramento  Valley  and 
Sierra  Nevada,  and  out  on  the  Great  Basin  as  far  as  Wadsworth.  The 
various  stations  along  this  profile  and  their  altitude  above  sea  level 
are  shown.  The  height  of  the  small  black  columns  represents  the 
average  annual  rainfall  in  inches  at  each  station. 

aKewell,  F.  H.,  Irrigation,  p.  16. 
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At  the  FarsUon  light-hoase  on  Farallou  Island,  30  miles  west  of 
San  Francisco,  the  average  rainfall  is  iSAi  inches.  This  may  betaken 
as  the  probable  average  along  the  coast  at  this  latitude,  where  the  pre- 
cipitation is  not  inflnenced  hy  adjacent  mountain  masses.  At  San 
Francisco  the  annual  rainfall  is  22.77  inches,  the  increase  being  due 
to  the  influence  of  the  Coast  Range.  Toward  the  east,  in  the  Sacra- 
mento Valley,  the  annual  rainfall  is  about  the  same  as  over  the 
ocean,  being  19.78  inches  at  Fairlield  and  19.60  inches  at  Sacramento. 
Folsom  ifl  at  the  fuot  of  the  Sierra  Nevada,  at  an  altitude  of  180 
feet,  and  has  an  annual  rainfall  of  23.81  inches.  On  the  western 
slope  the  rainfall  increases  with  increase  in  altitude,  but  not  uni- 
formly. The  rainfall  at  Auburn  is  3.^.06  inches,  at  Colfax,  47.02 
inches,  and  at  Cisco,  a  short  distance  west  of  the  summit,  51.18 
iaches.     The  increase  from  Folsom  to  Colfax  is  at  the  rate  of  some- 
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what  more  than  1  inch  per  100  feet  rise  in  elevation,  while  from  Col- 
fax to  Cisco  the  increase  is  at  the  rale  of  but  a  little  more  than  0.1 
inch  per  100  feet  rise  in  elevation,  or  about  one-tcntli  of  the  increase 
below.  At  Summit,  on  the  crest  of  the  range,  the  rainfall  is  47.74 
inches,  or  3.44  inches  less  than  at  Cisco,  although  Summit  is  1,028 
feet  higher.  The  sudden  decrease  in  rainfall  on  the  lee  side  of  the 
range  is  strikingly  shown  in  this  diagram.  At  Summit  the  rainfall  is 
47,74  inches  and  at  Truckee  28.35  inches.  The  difference  in  altitude 
of  these  two  points  is  1,197  feet  and  the  actual  decrease  in  rainfall  is 
21.-39  inches,  a  trifle  over  IJ  inches  decrease  per  100  feet  drop  in  alti- 
tnde.  This  rate  of  decrease  is  many  times  gi-eater  than  the  rate  of 
increase  on  the  opposite  side  of  the  range  at  the  same  altitude. 

It  is  believed  that  the  following  general  conclusions  can  be  justly 
drawn  from  a  study  of  this  section : 

(1)  The  average  rainfall  over  the  sea  in  the  latitude  of  San  Fran- 
cisco is  about  18.50  inches. 
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(2)  On  the  southwest  slopes  of  mountain  ranges  exposed  to  the 
storm  winds  the  increase  in  rainfall  is  at  the  rate  of  approximately  1 
inch  per  100  feet  rise  up  to  an  altitude  of  2,500  feet. 

(3)  Between  about  2,500  and  G,(X)0  feet  there  is  still  an  increase  in 
the  amount  of  rainfall,  but  at  a  much  lower  rate. 

(4)  Above  6,000  feet  there  is  a  slight  decrease  in  the  rainfall. 

(5)  The  first  high  cold  land  passed  over  b}'^  the  winds  cools  the 
atmosphere  and  condenses  a  large  part  of  the  moisture,  leaving  le.s^s 
or  little  for  the  land  bej-ond. 

The  available  rainfall  records  in  the  Salinas  Valley  and  adjacent 
regions  are  given  in  the  accompanying  ta])le.  When  these  I'ocords 
are  examined  it  is  seen  that  there  is  a  great  difference  in  the  amount 
of  rainfall  at  different  points — as  at  Mansfield  and  at  San  Ardo,  f<ir 
examx^le.  Fig.  2  is  a  gi*aphic  illustration  of  these  variationH.  Th<* 
section  is  similar  to  the  one  in  Vig,  1,  and  extends  from  the  Pacific 
Ocean  across  the  Santa  Lucia  Range,  tlie  Salinas  Valley,  and   the 
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Fig.  2.— Diagram  Bhowinj?  unwitial  (ILstribtition  of  rainfall  in  the  Coast  Ranjfo  of  Calif omia,  th«' 
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Mount  Diablo  Range  to  Fresno,  on  the  east  side  of  the  San  Joaciuin 
Valley.  The  Santa  Lncia  Range,  the  most  elevated  land  mass  on  t!n» 
coast  of  central  California,  fronts  the  Pacific  Ocean  for  more  t.han 
100  miles,  exposing  a  bold,  rnggc^d  system  of  peaks  and  ridges  to  the 
full  forc(»  of  the  storm  winds  that  swec^p  uj)  from  the  southwest. 
Over  this  range  these  moistnre-lad(Mi  winds,  in  their  ])assage  inland, 
are  forced  to  rise  in  allilude  from  3,500  to  (>,()00  feet.  This  ran ^re, 
from  its  position  and  altitud(»>,  should  be  one  of  tlie  dominant  factors 
in  the  distribution  of  rainfall  in  this  region,  and  an  examination  of 
the  rainfall  diagram  given  in  fig.  2  sliows  that  this  is  the  case. 

At  Piedras  Blancas  light-house,  near  sea  level,  the  average  annual 
rainfall  is  10.10  inches.  At  Point  Sur  light-house  it  is  18.11  inches. 
The  rainfall  at  sea  level  here  is  apparently  about  the  same  as  at  Far- 
allon  light-house.  In  passing  eastward  along  the  line  of  this  profile 
the  next  station  is  Mansfield,  at  an  altitude  of  about  2,500  feet,  and 
but  3  or  4  miles  from  the  ocean.  The  average  rainfall  here  is  40.31 
inches,  or  more  than  two  and  one-half  times  greater  than  at  sea  level. 
The  rat^>  of  increase  witli  rise  in  elevation  is  somewhat  greater  here 
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thau  in  the  Sierra  Nevada.  There  are  no  records  at  a  greater  eleva- 
tion in  this  range,  but  the  precipitation  undoubtedly  increases  with 
the  altitude. 

The  next  station  on  this  section  is  at  Jolon,  060  feet  above  sea  level, 
where  the  average  rainfall  is  18,16  inches.  To  the  northeast,  in  the 
broad,  low  Salinas  Valley  at  San  Ardo,  the  rainfall  is  still  less,  being 
but  10.39  inches.  On  the  northeast  side  of  the  Salinas  Valley  the 
Mount  Diablo  Range  rises  to  an  average  altitude  of  3,500  to  4,000 
feeti  and  there  is  a  noticeable  increase  i  i  the  rainfall  over  this  region. 
At  Priest  Valley,  altitude  2,300  feet,  the  annual  rainfall  is  !'■>.  17  inches. 
This  is,  however,  but  a  four  years'  record.  In  passing  northeastward 
t«the  San  Joaquin  Valley,  the  rainfall  diminishes,  being  7.83  inches 
at  Los  Banos  and  8.79-  inches  at  Fresno.  If  similar  sections  should 
be  drawn  either  to  the  north  or  south  of  this  the  same  distribution 
of  rainfall  would  be  noted. 

At  Salinas  the  average  annual  rainfall  is  1-3.70  inches,  and  there  is 
a  material  increase  to  the  northwest,  there  being  19.61  inches  at 
Pajaro  and  2G.31  inches  at  Santa  Cruz,  these  two  stations  being 
beyond  the  influence  of  the  Santa  Lucia  Range.  At  Monterey  the 
average  rainfall  is  15.53  inches. 

tsiuiHiiii   inminiit   umtiuUt 


Piedras  BlancasL-H. 


San  .Ardo  Priest  VaUey  Sabltaa 

Pig.  &— Dlftgnuu  ahowliiK  monthly  dlatrlbntkni  of  rainfall  In  the  Bailnaa  Valley. 

In  passing  up  the  Salinas  Valley  the  rainfall  is  found  to  decrease 
a«  far  as  Soledad,  where  it  is  but  8.94  inches.  To  the  southeast  there 
is  a  steady  increase,  the  records  showing  10.39  inches  at  San  Ardo, 
10..54  inches  at  San  Miguel,  15.25  inches  at  Paso  Robles,  and  27.78 
inches  at  Santa  Margarita. 
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In  the  southeast  corner  of  Monterey  County,  at  l*arkfiel<l,  the 
rainfall  is  11.29  inches.  Over  tlie  Carriso  Plain,  probably  the  iiio«t 
arid  region  in  the  Coast  Range,  the  rainfall  is  light,  being  but  8.01 
inches  at  Simmler  and  al)out  5  inches  at  Goodwin. 

The  average  monthly  precipitation  at  six  stations  in  the  Saliim.s 
VaU(»y  is  shown  in  fig.  3.  The  height  of  each  of  the  small  black  col- 
umns represents  the  average  amount  of  rain  ifor  the  correspoinling 
month.  This  diagram  shows  graphically  the  contnist  l)etweeii  I  he 
distribution  of  the  rainfall  in  summer  and  winter. 

To  summarize,  it  may  be  said  that  the  distribution  of  rainfall  in 
Monterey  County  depends  uj)on  the  topography.  The  region  may  Ik* 
divided  into  three  topographic  zones  or  lx?lts  in  which  rainfall  condi- 
tions are  similar.  The  most  western  belt  is  the  Santa  Lucia  liangc, 
the  central  is  the  Salinas  Valley,  with  the  mesa  lands  on  the  nortli- 
east  side,  and  the  eastern  is  the  Mount  Diablo  Range. 

In  the  Santa  Lucia  Range  the  rainfall  varies  from  about  IS  indies 
at  sea  level  to  50  inches  along  the  summit  of  the  range,  de<Teasiiig  on 
the  northeastern  slope  to  about  IS  inches  at  an  altitude  of  1,000  feet. 
In  the  ui)per  Salinas  Valley  the  rainfall  is  about  10  inches,  decreas- 
ing gradually  toward  the  southeast.  From  the  incomplete  n^cords  in 
the  Mount  Diablo  Range  it  seems  x>i'obable  that  the  average  rainfall 
is  from  20  to  25  inches  in  Monterey  County. 

II YDIIOG 1 1  API!  Y, 

SALINAS  RIVER. 

The  main  trunk  stream  of  the  Salinas  Valley  is  Salinas  River,  which, 
with  its  tributaries,  drains  an  area  of  4,780  square  miles.  (See  I'l.  I.) 
The  drainage  basin  is  150  miles  long,  extending  from  southern  San 
Luis  Obispo  County  to  the  Bay  of  Monterey,  in  Monterey  County. 
The  western  tributaries  of  the  Salinas  have  their  sources  in  the 
elevated,  well- watered  Santa  Lucia  Range,  while  its  ejistern  tributa- 
ries drain  the  low  mesa  lands  and  the  western  slopes  of  the  Mount 
Diablo  Range.  The  river  drains  all  the  area  lying  between  the  Santa 
Lucia  Range  on  the  southwest  and  the  Gabilan  and  Mount  Diablo 
ranges  on  the  northeast  except  the  inclosed  basin  east  of  San  Juan 
Creek  known  as  the  Carriso  Plain. 

The  following  table  shows  the  areas  of  the  drainage  basins  ot  the 
river  and  its  tributaries: 
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Areas  of  draiiuuje  iMi^iujt  of  Stilt  nan  Rit^'r  ami  it  it  trihutttrifn. 

total  drainage  of  the  Balinas  River 4,  TW 

t)ndiiage  of  SaJinaw  River  abovi^  gc^ng  station  near  Salinan 4. ()H4 

l)Tainage  of  Salinas  River  alx>ve  Estrella  CYeek fWI 

Total  draina^^  of  Nacimiento  River ;M) 

Draina^  of  Nai'iimieiito  River  above  gaging  station  near  Br>'Hon 171 

Total  drainage  of  San  Ant^jnio  River 342 

Drainage  of  San  Antonio  River  above  Pinkerton  dam  site S22 

Drain^e  of  San  Antonio  River  above  gaging  station  near  Jolon. 161 

Total  drainage  area  of  Arroyo  Seco  above  Arroyo  Seco  canal  No.  3 21H 

Drainage  area  of  Arroyo  Seco  above  gaging  station  at  Petti  tt  ranch 215 

Drainage  area  of  Arroyo  Seco  alcove  Cnrrier  dam  site 184 

Drainage  area  of  Arroyo  Seco  above  Foster  dam  site 101 

Total  drainage  area  of  Los  Vaqneros  Creek  above  Petti  tt  dam  site 2>i 

Drainage  area  of  Los  Vaciueros  Creek  alx>ve  Lieigh  dam  site_ 23 

Drainage  area  of  Estrella  Creek  _ _ 924 

Drainage  area  of  Carriso  Plain _ .   470 

Total  drainage  area  of  San  Lorenzo  Creek  above  Mathews  dam  site 235 

Drainage  area  of  Chalone  Creek 12H 

These  areas  were  determiiied  by  plnninieter  measuivmeiits  from 
'he  Monterey  and  San  Luis  Obisi)o  atlas  sheets. 

From  San  3Iigiiel,  in  San  Luis  Obispo  County,  northwest  t-o  Wun- 
ywjst,  in  Monterey  County,  the  Salinas  flows  in  a  deep,  wide  canyon, 
which  it  has  eroded  several  hundred  feet  !)elow  the  level  of  the  sur- 
rounding mesas.     At  Wunpost  the  mesa  recedes  on  the  northeast 
side  and  the  river  valley  widens  out  somewhat  into  a  long,  narrow, 
terraced  alluvial  plain,  with  a  width  ranging  from  1  mile  at  the  ui)per 
end  to  4  or  5  miles  at  Soledad.     From  Soledad  to  the  Bay  of  Monterey 
the  alluvial  plain  and  bordering  detritus  slopes  are  from  fJ  to  lo  miles 
wide,  with  terraces  far  less  pronounced  than  those  in  the  upi)er  por- 
tions of  the  valley.     Each  of  the  terraces  is  an  ancient  flood  plain  of 
the  stream.     For  this  distance  the  stream  flows  in  a  broad,  sandy 
channel,  from  5()0  to  1,500  feet  wide,  into  which  the  waters  sink  in 
summer  to  reappear  again  at  some  point  below.     From  Soledad  to 
the  ocean  the  stream  is  perennial,  being  fed  by  these  underground 
waters.     When  wet  the  fine  sand  in  the  river  bed  becomes  quicksand, 
making  the  stream  dangerous  to   ford,  especially   in  winter.     The 
photographic  views  reproduced  in  PI.  Ill,  and  PL  IV,  J,  show  the 
cfcneral  character  of  the  stream  during  the  dry  season. 

The  large  volume  of  water  discharged  by  this  stream  during  the 
rainy  season  has  enabled  it  to  trench  its  channel  to  a  depth  consid- 
erably below  the  alluvial  plains  on  both  sides  of  the  river.  For  the 
same  reason  the  grade  of  the  stream  is  very  slight,  l)eing  but  1.33  feet 
per  mUe  from  the  ocean  to  the  gaging  station  at  the  Monterey  road 
bridge;  5.5  feet  per  mile  from  the  Monterey  road  bridge  to  Soledad 
and  0.5  feet  per  mile  from  Soledad  to  Bradley,  where  the  bed  of  the 
{»tream  is  at  an  altitude  of  about  500  feet.     These  grades  are  approxi- 
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mate  and  are  given  merely  to  show  the  low  gradient  of  this,  the  main 
drainage  line  of  the  region. 

This  stream  is  torrential  in  character,  having  very  large  flood  dis- 
charge during  the  rainy  season  and  being  practically  dry  during  the 
summer  except  in  it«  lower  portion.  The  winter  flow  is  probably  at 
all  times  suflicient  for  the  needs  of  winter  and  spring  irrigation. 

That  portion  of  the  drainage  basin  of  the  Salinas  that  lies  south  of 
San  Miguel,  comprising  591  square  miles,  is  on  the  northeast  slope  of 
the  Santa  Lucia  Range,  in  the  region  of  heaviest  rainfall,  and  the 
run-off  here  is  undoubtedly  large. 

A  record  of  the  discharge  of  the  main  stream  was  kept  at  the  Mon- 
terey road  bridge  from  January  8,  1900,  to  July  31,  1901.  From 
these  observations  the  following  table  has  been  prepared. 

Estimated  monthly  discharge  of  Salinas  River  4  iniles  south  of  Salituis. 

[Drainage  area,  4,064  aquare  miles.] 


Month. 


1900. 

January  8-81 
February  ... 

March 

April 

May 

June 

July...     ... 

August  ... 
September  . . 

October 

November . . . 
December . . . 


1901. 


January  . 
February 
March  ... 

April 

May 

June 

July 


Discharge  in  second-feet. 


Maximum. 


2,700 

223 

223 

32 

19 

17 

10 

8 

8 

4 

33,600 

1,050 

35, 162 

20, 927 

1,772 

405 

2,012 

160 

30 


Minimum. 


223 

40 

25 

19 

17 

15 

6 

6 

2 

1 

0 

82 

380 
540 
430 
160 
160 
30 
25 


Mean. 


848 

105 

73 

22 

17 

16 

8 

7 

6 

2 

2,413 

295 

4,921 

4, 131 

1,063 

270 

533 

56 

27 


Total  in 
acre-feet. 


40, 368 

5,831 

4,489 

1,309 

1,045 

952 

492 

480 

357 

123 

143,583 

18, 139 

302, 580 

231,701 

65,361 

16,066 

32, 778 

3,332 

1,660 


Run-off. 


Second-  i 

feet  per    Depth  in 


square 
mOe. 


0.21 
.03 
.02 
.01 
.00 
.00 
.00 
.00 
.00 
.00 
.59 
.07 

1.21 
1.02 
.26 
.07 
.18 
.01 
.01 


inches. 


0,19 
.03 
.02 
.01 
.00 
.00 
.00 
.00 
.00 
.00 
.  66 
.08 

1.39 
1.06 
.30 
.07 
.15 
.01 
.01 


Note. — Gage  heightn  and  discharge  measurements  for  1901  are  given  in  Water- 
Snpply  Paper  No.  66,  page  154. 
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ESTRELLA  CREEK. 

The  most  eastern  branch  of  Salinas  River  is  Estrella  Creek  (see  PL  I). 
At  a  point  20  miles  southeast  of  its  junction  with  the  Salinas  the  two 
branches  of  the  Estrolla  are  known  as  San  Juan  River  and  Cholame 
Creek.  The  San  Juan  drains  the  northeastern  slopes  of  the  San  Jose 
Range  and  Cholame  Creek  drains  the  southwestern  slope  of  the  Mount 
Diablo  Range.  Between  these  two  mountain  ranges  lie  the  elevated 
mesa  lands  of  the  upper  Salinas  Valley.  This  mesa  region  passes  over 
into  the  Carriso  Plain,  the  watiers  of  which,  however,  do  not  flow  to 
the  sea,  but  toward  a  salt  flat  or  salt  lake  which  fllls  the  lower  portion 
of  the  plain.  Nothing  very  definite  is  known  regarding  the  average 
rainfall  in  this  region  (see  table  on  p.  43),  but  it  is  certain  that  it  is 
very  light,  probably  less  than  10  inches,  over  the  mesa  regions,  which 
are  cut  off  from  the  storm  winds  by  the  intervening  Santa  Lucia  and 
San  Jose  ranges.  It  is  probable  that  the  greater  portion  of  the  water 
in  this  stream  is  derived  from  rainfall  in  the  surrounding  mountains. 
The  area  of  the  drainage  basin  of  Estrella  Creek  is  924  square  miles, 
and  the  area  of  the  Carnso  Plain  is  470  square  miles. 

NACIMIENTO    RIVER. 

The  Nacimiento  is  one  of  the  large  western  tributaries  of  the  Sali- 
nas, entering  that  stream  l)etween  San  Miguel  and  Bradley  (see  PI.  I). 
It  has  its  sources  among  the  highest  peaks  of  the  Santa  Lucia  Range, 
only  3  miles  from  the  Pacific  Ocean.  It  flows  southeastward  about 
35  miles,  receiving  many  small  tributaries  from  the  southwest,  and 
emei^es  from  the  mountains  after  rounding  the  declining  ridge  of  the 
Sierra  de  las  Piedras.  From  this  point  to  the  Salinas  it  flows  in  a 
broad,  sandy  channel  eroded  in  the  mesa.  This  stream  flows  for  25 
miles  parallel  with  and  but  a  few  miles  northeast  of  the  crest  of  the 
range,  in  the  belt  of  maximum  precipitation  (see  fig.  2),  where  the  aver- 
age rainfall  must  be  from  30  to  50  inches  per  annum.  The  fact  that 
the  precipitation  here  is  great  is  shown  by  the  character  of  the  stream 
and  the  vegetation  over  this  portion  of  the  range.  The  total  area  of 
this  watershed  is  380  square  miles,  of  which  300  square  miles  are 
mountainous,  the  remainder  being  rolling  hills  and  river  valley. 

The  Nacimiento  watershed  decreases  in  width  from  7  miles  near  its  head  to  2 
at  its  lower  end.  It  is  40  miles  long.  The  npper  7  miles  is  monntainons,  as  is  all 
that  portion  lying  between  the  river  and  the  coast  divide.  The  valley  floor  aver- 
ages 1  mile  in  width,  and  extends  downstream  10  miles  from  a  point  7  miles  below 
the  head.  The  eastern  wall  of  the  valley  is  the  western  wall  of  the  San  Antonio. 
The  lower  25  miles  of  the  river  lies  in  a  narrow  V-shaped  canyon  whose  sides  rise 
300  to  1,500  feet.  The  mountain  slopes  are  covered  with  brush  and  trees.  The 
valley  floor  is  shaded  with  white  oaks  of  great  size.  For  the  most  part  the  bed 
of  the  river  is  sandy  and  crosswise  flat,  and  varies  in  width  from  60  to  400  feet. 
In  the  open  valley  the  banks  range  from  15  to  40  feet  in  height.    There  are  good 
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(Isvm  sites  at  the  mouth  of  Gabilan  Creek,  Piedras  Altas,  and  Pebblestone  Gorg<?, 
7  miles  below  the  Monterey  C'junty  line,  but  there  are  no  corresjionding  storage 
sites  of  value.  ^ 

The  following  table  of  discliarge  of  Naciuiiento  Rivor  in  March  and 
April,  1001,  has  been  prepared: 

Estiviatinl  montlily  dlscJuirge  of  Naclmiento  R'wer  at  Brysoii  post-offlt*^.. 

[Drainage  area,  171  square  miles.] 


Month. 


DLscharge  in  mn'ond-feot. 


Maxiumiu. 


1901. 
February  17  to  2S. 

March  _ 

April 


3,300 
365 
670 


Hinimuni. 

Mean. 

295 

855 

110 

194 

87 

99 

Total  in 
acro-feet. 


20,350 

11,314 

5,891 


Run-off. 


Second- 

feot  piT 

Hqnare 

mile. 


5.00 

1.08 

.58 


Depth  in 
inches. 


5. 21 
1.24 

.r>5 


Note. — Gage  heights  and  discharge  measurements  for  1901  are  given  in  Water- 
Supply  Paper  No.  66,  page  154. 

This  stream  is  torrential,  with  a  great  run-off  during  the  rainy  sea- 
son, but  it  dwindles  to  a  small  ereek  by  early  summer.  The  charac'^ler 
of  the  stream  in  June,  1902,  is  shown  in  PI.  IV,  B, 

SAN  ANTONIO  RIVER. 

The  drainage  basin  of  San  Antonio  River  joins  that  of  the  X»ci- 
miento  on  the  northeast,  and  the  upper  120  square  miles  is  in  a 
similar  mountain  region  (PI.  I).  The  area  of  the  watershed  above 
the  Pinkerton  reservoir  site  is  322  square  miles.  Of  this  area  the 
mountain  portion,  li^O  square  miles,  probably  receives  an  average 
annual  rainfall  of  30  to  50  inches  and  the  elevated  valleys  near  Jolon 
iis  much  as  18  inches.  This  stream  leaves  the  mountains  about  6 
miles  above  Jolon,  and  from  there  to  the  Salinas  flows  in  a  broad, 
sand}^  channel  through  wide  valleys.  These  valleys  have  an  altitude 
of  from  800  to  1,200  feet  and  are  covered  with  scattering  oak  timl)er 
(see  PI  V). 

The  S:in  Antonio  drainage  basin  is  6  miles  wide  from  the  head  for  a  distance  of 
24  miles,  then  for  5  miles  it  widens  to  10  miles;  in  the  next  5  miles  it  narrows  t  > 
3  miles,  and  this  width  continues  for  15  miles  to  its  mouth.  The  valley  flo>r 
averages  li  to  2  miles  wide.  The  southwestern  wall  of  the  valley  is  5,000  feet 
high  at  the  upper  end,  and  this  height  falls  to  a  few  hundred  feet  toward  the 
mouth.  The  north  wall  of  the  valley,  the  Santa  Lucia  Range,  is  3,000  to  6.01)0 
feet  high.  The  eastern  wall  decreases  from  north  to  south  from  2,500  feet  to  a 
few  hundred  feet  in  elevation. 

The  valley  floor  ext*»nds  to  the  San  Ant< mio- Arroyo  Sec!C)  divide,  and  the  main 
stream  has  a  comparatively  light  sloix?.     The  tribufciries  are  short,  and  each  for 
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the  greater  part  of  its  course  has  a  rapid  fall.  The  upper  part  of  the  drainage 
bcudu  is  bmsh  coverefl  on  steep  slopes,  and  the  valley  floor  is  shaded  by  oaks.  The 
slopes  are  bare  on  the  east  wall  of  the  lower  half  of  the  basin.  The  valley 
himishes  no  combination  of  large  storage  basin  followed  jnst  downstream  by  a 
good  dam  site.<> 

A  gaging  station  was  established  on  this  stream  1  mile  south  of 
Jolon,  and  a  record  of  the  discharge  was  kept  from  December  15, 
llAK),  to  April  30,  1901.  From  these  observations  the  following  table 
of  discharge  of  San  Antonio  River  has  been  prepared : 

Estimated  monthly  discharge  of  San  Antonio  River  at  Jokm. 

[Drainage  area,  161  aqoare  miloB.] 


Moatli. 


1900. 
December  15  to  28 

1901. 

January . 

February .. 

March 

April 


Discharge  in  second-feet. 


MaximTiTn. 


200 

3,700 

1,700 

400 

740 


Minlmnm. 


170 

64 

110 

84 

39 


Mean. 


184 

523 

509 

171 

83 


Total  in 
acre-feet. 


5,109 

32, 158 

28,268 

10, 514 

4,939 


Rnn-off. 


Second- 
feet  per 
sqnare 
mile. 


1.14 

3. 25 

3.17 

1.06 

.52 


Depth  in 
inches. 


0.59 

3.75 
3.31 
1.22 

.58 


KciTE. — Qage  heights  and  discharge  measurements  for  1901  are  given  in  Water- 
Supply  Paper  No.  66,  jiage  154.    Bating  table  on  page  178  of  same  paper. 

During  the  sammer  of  1900  this  drainage  basin  was  explored  under 
the  direction  of  Prof.  Charles  D.  Marx  to  discover  and  survey  any 
possible  reservoirs.  The  only  one  discovered  on  this  stream  is  on  the 
Pleyto  ranch,  6  miles  southeast  of  Pleyto  post-office,  the  dam  site 
being  in  sec.  30,  T.  24  S.,  R.  10  E.  (see  PI.  I),  and  about  12  miles 
above  the  junction  of  San  Antonio  River  with  Salinas  River. 


PINKERTON  RESERVOIR. 

A  reconnaissance  survey  was  made  of  this  reservoir,  known  as  the 
Pinkerton  site,  by  Prof.  Charles  D.  Marx.  The  contour  map  of  the 
reservoir  is  shown  in  fig.  4,  and  a  cross  section  of  the  canyon  of  San 
Antonio  River  at  the  dam  site  is  shown  in  fig.  5.  The  highest  contour 
of  the  reservoir  is  at  an  altitude  of  950  feet,  as  determined  by  aneroid 
observations.  The  area  of  the  drainage  basin  tributary  to  tlie  reser- 
voir in  322  square  miles.  The  dam  as  designed  was  to  be  of  sand- 
stone rubble  50  feet  high,  900  feet  long  on  top,  and  /iOO  feet  long  at 
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the  surface  of  the  stream.  The  bed  rock  is  sandstone  and  it  is  esti- 
mated  to  be  25  feet  below  the  l)ed  of  the  stream.  Rock  suitable  for  the 
construction  of  the  dam  can  be  quarried  within  1,000  feet  of  the  dam. 


Fig.  4.— ReconnaiBsance  map  of  Pinkerton  resenroir  site. 


Feet. 


0  m  aoo  900  mo  5oo  mo  too 

Fig.  5.— Cro«8  8e<*<tioii  of  canyon  of  San  Antonio  River  at  the  Pinkerton  dam  site. 

The  following  table  shows  the  estimated  storage  capacity  and  the 
cost  of  storage  at  this  location : 

Estitnated  storage  capacity  atid  cost  of  storage  at  Pinkerton  reservoir,  f^ 


Height  of  dam. 


25  feet 
50  feet 


Total  stor- 
age acre- 
feet. 


2,300 
8,200 


Total  cost 
of  storage. 


$92,000 
210,500 


Costlier 
acre-root. 


$40.00 
26.00 


ARROYO  SECO. 

The  most  northern  tributary  of  Salinas  River  is  the  Arroyo  Seco, 
which  rises  on  t^ie  slopes  of  the  highest  portion  of  the  Sant<a  Lucia 
Range  (PI.  I).  The  upper  valleys  of  this  stream  are  far  back  in  the 
range,  surrounded  by  high  mountains.  This  portion  of  the  range 
undoubtedly  receives  as  great  a  rainfall  as  any  other  locality  in  this 
region.  It  does  not  seem  unreasonable  to  suppose  that  the  average 
annual  rainfall  is  from  30  to  50  inches. 

The  drainage  basin  of  the  Arroyo  Seco  is  almost  entirely  made  up  of  sharp 
ridges  and  V-t*haped  canyons.  The  western  portion  is  well  covered  with  bmsh 
and  trees  of  medium  size.    Toward  the  east  this  growth  decreases,  until  at  the 
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Sttlinastlie  country  is  bare.    The  stream  beds  of  this  area  fall,  rapidly,  the  Arroyo 
Seco  rising  at  nearly  6,000  feet  and  emptying  into  the  Salinas  at  an  elevation  of 

170  feet.« 

For  10  miles  above  its  junction  with  the  Salinas  the  channel  of  this 
stream  is  a  broad  wash  of  gravel  and  sand  across  the  flat  plain,  into 
which  the  stream  sinks  in  the  dry  season  and  from  which  it  receives 
its  name  "Arroyo  Seco."  For  the  next  11  miles  the  stream  flows  in  a 
deep  terraced  valley  eroded  into  bituminous  shales.  The  terraces 
form  a  most  conspicuous  feature  (see  PL  VI  and  PI.  IX,  A)  and  mark 
saccessive  periods  of  uplift.  They  were  cut  into  the  bituminous  shale 
or  sandstone  by  the  stream. 


A<TP-f*«t. 


Sept.       Oct. 


Not. 


Deo. 


Jan. 


Feb. 


Kar.       Apr.       Maj.'      June.       J11I7.       Aoff. 


Flo.  0.— Discharge  of  Arroyo  Seco,  Pettitt  ranch,  firom  September  1, 1901,  to  Aasrtmt  30,1900. 


The  present  channel  of  Arroyo  Seco  in  this  1 1-mile  section  is  a  deep 
trench  or  canyon,  from  100  to  200  feet  deep  and  250  to  1,000  feet 
wide,  sunk  below  the  floor  of  the  valley.  The  bottom  of  this  canyon 
is  covered  with  great  washes  of  granite  bowlders  and  sand.  (See  PI. 
VII,  ^.)  This  debris  conjoins  with  the  floods  of  water  that  rush 
down  from  the  mountains  above  to  form  the  agencies  that  are  now 
actively  eroding  the  channel  of  this  stream. 

A  record  of  the  discharge  of  this  stream  was  kept  at  Pettitt  ranch 
during  1902  and  a  portion  of  1901.  From  these  observations  the  table 
on  page  54  has  been  prepared.  Fig.  6  is  a  graphic  illustration  of  the 
discharge  during  the  season  of  1901-2. 
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EHtiinaied  vwnthly  discharge  of  Arroyo  Seeo  at  Pettitt  ninch, 

[DrainaiEre  area,  215  square  mllet}.] 


Month. 


1901. 


January. . 
February 
March  ... 


May 

June 

July 

August 

September 

October 

November 

December 

1902. 
January 

February 

March 

April 

May 

June 

July _ 

August 

SeptemlH^r  .    .. 

Octolwr 

November     

December . 

l!)0:i 
January  .   

February  ... 

March 

April . 

May  - - 

June 

July 

August 


Diflcharge  in  second-feet. 


Maximiun. 


4, 500 

2,860 

610 

2,500 


Minimum. 


50 
40 

40 

2,800 

2, 320 

1,650 

105 


15 

i 

3 


55 


750 
145 

1,790 

970 

3, 080 

3, 210 

120 

56 

32 


105 

160 

105 

95 


9 
23 

25 

25 

185 

145 


15 
I 

3 
0 
0 

11 


Oft 


22 

120 

92 

120 

50 

32 

13 

6 


Mean. 


888 

931 

246 

195 

95 

58 

22 

15 

8 

10 

22 

26 

28 

605 

620 

270 

74 

32 

12 

4 

0 

9 

57 

54 

188 
313 
471 
483 
85 
46 


or* 


10 


Total  in 
acre-feet. 


54,601 

51,705 

15,126 

11,603 

5, 841 

3,451 

1,353 

922 

476 

015 

1,809 

1,599 

1,722 

33,600 

38,122 

16,066 

4, 550 

1,904 

738 

246 

0 

55:3 

3, 392 

3, 320 

11,560 

17,383 

28, 961 

28, 740 

5, 226 

2, 737 

1,537 

615 


Run-off. 


Second- 
feet  per 
square 
mile. 


Depth  in 
inchiM. 


4.13 

4.33 

1.14 

.91 

.44 


.27 


.10 
.07 
.04 
.05 
.10 
.12 

.13 
2.81  I 
2.88 
1.26  j 

.34  ; 

.15 

.06 

.02 
0.00 

I 

.04  I 


or 


or; 


.87 

1.46 

2.19 

2.25 

.40 

.21 

.12 

.05 


4.76 

4. 51 

l.:« 

l.Ol 

.51 

.30 

.12 

.08 

.04 

.05 

.11 

.14 

.15 
2.9:5 


O    •>! 
lb.  Ow 


1.41 
.:J9 
.17 
.07 
.02 

0.0<) 
.0.') 

.:k) 

.29 

1.0(1 
1.52 


o  ";*i 


2.51 
.44J 

.14 

,06 


Note. — Gago  heights  and  discharge  measurements  for 
Supply  Pai)er  N(x  66,  page  156.     Rating  table  on  page  17 


1901  are  given  in  Wat^r- 
8,  same  pai)er. 
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During  the  summer  of  1900  the  drninago  aren  of  Arroyo  Se<M>  wh8 
explored  by  Prof.  C'harles  D.  Marx.  Three  reservoir  si  ten  were  dis- 
covered on  Arroyo  Seco — The  Pools  site,  the  Foster  site,  and  the  Cur- 
rier site  (PI.  I).  Two  sites  were  also  discovered  on  Los  Vacjueros 
Creek,  a  tributary  of  Arroyo  Seco — the  Pettitt  site  and  the  lieigh  site. 
The  Foster  and  Currier  reservoir  sites  were  reaurveye<l  by  the  writer 
in  the  summer  of  1902.  These  reservoir  sites  will  be  described  in 
detail. 

THE  POOLS  RESERVOIR. 

The  Pools  reservoir  site  is  far  back  in  the  Santa  Lucia  Mountains, 
.I'nst  below  the  juitction  of  Arroyo  Seco  and  Santa  Lucia  C^reok  (PI.  I). 


PiQ.  7.— ReconnaisRance  map  of  Tho  Pools  roHcrvoir  Bito. 

It  is  about  20  miles  west  of  Soledad.  A  reconnaissances  survey  was 
made  of  this  reservoir  site  by  Pi-of.  Charles  D.  Marx  in  the  summer 
of  1900.  A  contour  map  of  the  reservoir  forms  fig.  7,  and  a  cross  sec- 
lion  of  the  canyon  of  Arroyo  Seco  at  the  dam  site  is  given  in  fig.  8. 
The  highest  contour  of  the  reservoir  is  at  an  altitude  of  1,000  feet,  as 
determined  by  aneroid  observations.  The  drainage  area  tributary  to 
the  reserv'oir  is  74  square  miles  of  steep  mountain  slopes  covered  with 
thick  brush  and  trees. 
The  dam  as  designed  was  to  1x3  of  gi'anitt^  rubble,  with  a  maximum 


56        WATER  RESOURCES  OK  SALINAS  VALLEY,  CALIFORNIA.        [ko.  89. 


height  of  100  feet  and  250  feet  long  on  top.  The  bed  rock  is  granite 
and  the  estimated  depth  to  solid  rock  is  5  feet.  The  following  table 
shows  the  storage  capacity  and  cost  of  storage  at  this  location. 


Feet. 
1.000 


976 


960 


936 
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Fio.  8.— Cross  section  of  canyon  of  Arroyo  Seoo  at  The  Pools  dam  site. 
Estimated  storage  capacity  and  cost  of  storage  at  The  Pools  reservoir, o 


Helgrht  of  dam. 


25  feet  . 
50  feet  . 
75  feet  . 
100  feet 


Total  cost. 

$10,200 
28,800 
61,800 

115,800 


Costper 
acre-foot. 


$340 
222 
195 
175 


The  reservoir  is  merely  a  steep,  V-shaped  canyon.  The  cost  of  stor- 
age, $175  per  acre-foot,  is  prohibitive,  and  with  the  great  distance,  20 
miles  from  irrigable  land,  serves  to  condemn  this  location. 


PETTITT  RESERVOIR. 


The  Pettitt  reservoir  is  in  sec.  20,  T.  19  S.,  R.  G  E,,  M.  D.  M.,  at 
the  mouth  of  Los  Vaqueros  Creek.     It  is  about  11  miles  south  of  Sole- 
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Fio.  9.~Reconnai88ance  map  of  Pettitt  reeervoir  site. 

dad.     (See  PI.  I.)    A  reconnaissance  survey  was  made  of  this  reser- 
voir site  by  Prof.  Charles  D.  Marx  in  the  summer  of  1900.     A  contour 


a  MS.  report  of  Prof.  Cbarleti  D.  Marx. 


RAMUS.] 


ABBOTO   8£CO. 


67 


map  of  the  reeervoir  forms  fig.  9,  and  a  cross  section  of  the  canyon 
of  Los  Yaqneros  Creek  at  the  dam  site  is  given  in  fig  10. 

The  highest  contour  of  the  reservoir  has  an  altitude  of  450  feet,  as 
determined  by  aneroid  observations.  The  area  of  the  drainage  basin 
tributary  to  the  reservoir  is  28  square  miles.    The  dam  as  designed 
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Fio.  10.— OroBB  sectioD  of  Loa  Vaqnerofl  Creek  et  Pettitt  dam  site. 

was  to  be  a  concrete  masonry  structure  115  feet  high  and  175  feet 
long  on  top.  The  bed  rock  is  shale,. and  the  estimated  depth  to  solid 
rock  is  5  feet. 

The  following  table  shows  the  estimated  storage  capacity  and  cost 
of  storage  at  this  location. 

Eidimated  storage  capcusity  and  cost  of  ntorage  at  Pettitt  renervoir,<^ 


Height  of  dam. 

« 

Total  stor- 
age in 
acre-feet. 

Total  ooet. 

Coirtper 
acre-foot. 

25feet 

15 

110 

420 

1,040 

1,650 

$9,000 
27,000 
54,000 
99,000 
139,000 

$635 

SOfeet _ 

245 

Tofeet.-..                                

180 

100  feet 

95 

115  feet- . 

84 

a  MS.  report  of  Prof.  Charles  D.  Marx. 


LEIGH  RESERVOIR. 


The  Leigh  reservoir  site  is  in  sec.  9,  T.  20  S.,  R.  6  E.,  M.  D.  M.,  in 
Los  Yaqneros  Valley,  4  miles  south  of  the  Pettitt  site  (PI.  I). 

A  reconnaissance  survej''  was  made  of  this  reservoir  site  by  Prof. 
Charles  D.  Marx  in  the  summer  of  1900.  A  contour  map  of  the  reser- 
voir forms  fig.  1 1,  andia  cross  section  of  the  canyon  of  Los  Vaqueros 
Creek  at  the  dam  site  is  given  in  fig.  12. 
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The  highest  contour  of  the  reservoir  is  at  au  altitude  of  J)75  feet»  as 
determined  by  aneroid  observations.  The  drainage  area  tributary  to 
the  reservoir  is  22  squai-e  miles  of  steep  mountain  slopes  covered  with 
brush.  The  altitude  of  the  area  ranges  from  900  feet  at  the  dam  site 
to  almost  6,000  feet  on  the  slopes  of  Santa  Lucia  Peak. 


Fia.  U.— -Becozmaiflsance  map  of  Leigh  reserroir  site. 

The  danpi  as  designed  was  to  be  of  sandstone  rubble,  with  a  maxi- 
mum height  of  175  feet  and  a  hmgt.h  of  400  feet  on  top.  The  ImmI 
rook  is  hard  sandstone,  and  the  estimated  depth  below  the  l>ed  of  tlu* 
stn»ain  to  solid  rock  is  15  feet.     Sandstone  suitable  for  the  const rui»- 
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tion  of  the  dam  is  available  in  the  clifTs  above,  at  both  ends  of  the 
dam.  The  character  of  the  (*anyon  at  the  dam  sit«  is  shown  in 
PI.  VIT,  J9.  The  irrigable  lands  an»  in  the  Salina.s  Valley,  10  mih^s 
b(»low.     Tlio   following  tablo  shows  the  estimated  storage  capacity 


and  cost  of  storage  at  this  location. 


WILES  WEST  OF  S 


VAQUEftOS  CREEK.   LOOKING  DOWNSTREAM. 
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Eftiniatefi  storage  ciipaeity  and  cost  of  storage  at  lAngh  reservoir,^ 


Height  of  dam. 


25  feet  _  - 
TiO  feet  - . 
75  feet . . 
100  feet , 
125  feet  , 
150  feet  . 
175  feet  . 


Total  stor- 
age in 
acre-feet. 

Total  cost. 

Cost  per 
acr«^root. 

70 

$8,600 

$122.00 

600 

21,600 

36.00 

2,000 

43,200 

21.60 

4,600 

77,000 

16.60 

8,800 

127,000 

14.40 

14,800 

194,000 

13.00 

23,000 

292,000 

12.70 

No  measurements  of  the  run-off  from  this  drainage  basin  have  been 
made.  An  examination  of  the  discharge  of  Arroyo  Seco,  of  which 
this  stream  is  a  tributary,  shows  that  fn  1001-2,  a  season  of  al>out 
average  rainfall,  the  run-off  was  0. 78  second-foot  per  square  mile  (see 
table  on  p.  54).  When  this  factor  is  used  for  computing  the  run-off 
of  Los  Vaqueros  Creek  a  total  run-off  of  approximately  10,000  acre- 
feet  is  given.  As  the  rainfall  at  Los  Vaqueros  Valley  is  somewhat 
l>elow  the  supposed  average  for  this  altitude,  it  is  assumed  that  the 
run-off  will  be  but  75  per  cent  of  the  amount  computed  as  above,  or 
approximately  7,500  acre- feet. 

This  will  fill  the  reservoir  to  about  the  925-foot  contour.  It  seems 
probable  that  the  drainage  basin  will  supply  this  amount  in  a  season 
of  average  rainfall,  much  more  in  a  wet  season,  and  but  little  in  a 
dry  season.  It  is  believed  that  this  will  eventually  be  a  valuable 
adjunct  to  the  irrigation  systems  taking  water  from  Arroyo  Seco. 

The  dam  should  be  built  high  enough  to  impound  all  the  floo<l 
waters,  the  excess  over  7,500  acre-feet  being  held  over,  if  desirable,  for 
the  next  year.  The  impounded  water  can  be  dropped  into  the  chan- 
nel of  the  creek  and  picked  up  again  in  Arroyo  Seco  at  thci  hea<l 
works  of  the  canals  without  serious  loss  of  water,  so  the  only  (»xpense 
will  be  that  of  storage. 

A  cheaper  dam,  of  the  rock- fill  type,  could  be  constructed  hero,  which 
would  reduce  the  cost  to  probably  one-third  of  the  above  estimate. 

FOSTER  RESERVOIR. 

Tlie  proposed  Foster  reservoir  is  on  Arroyo  Seco,  12  miles  south- 
west of  Soledad  in  an  air  line  and  about  17  miles  by  the  wagon  road 
(PI.  II).  The  dam  site  is  in  the  NW.  i  sec.  23,  T.  10  S. ,  R.  5  E. ,  M.  D.  M. , 
and  the  reservoir  site  extends  south  west  ward  about  2.^  miles.  A  sur- 
vey  of  this  location  was  made  by  the  writer  in  the  summer  of  1002. 
A  topographic  map  of  the  reservoir  is  given  as  fig.  13.  The  altitude 
of  the  stream  at  the  dam  site  is  400  feet  by  aneroid  observations. 


"MS.  reiKirt  of  Prrjf.  Charles  D.  Marx. 
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The  survey  was  made  for  a  dam  which  would  raise  the  water  110  feet 
above  the  bed  of  the  stream,  or  to  the  600-foot  contour.  Such  a  dam 
will  impound  16,710  acre-feet  of  water.  The  table  below  shows  the 
area  and  capacity  of  this  reservoir  at  the  various  contours.     Fig.  14 

TI9S.  R.5E 


Pio.  18.— Foster  reservoir  site  on  Arroyo  Seco. 
Area  and  capacity  of  proposed  Foster  reservoir ,  Arroyo  Seco, 


Contour. 

Area. 

C«pftcity. 

.icreit. 

Acre-feet. 

600 
510 

2.3 
22.2 

122.6 

520 

50.6 

486.6 

530 

80.1 

1.140.1 

540 

117.8 

2, 129. 1 

550 

149.6 

3,466.1 

rm 

192.8 

5, 178. 1 

570 

252.1 

7, 402. 1 

580 

292.5 

10, 125. 1 

590 

329.0 

13, 232. 1 

600 

366.6 

16,710.1 

HAML.Iir.] 
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shows  the  capacity  curve  of  the  reservoir,  by  means  of  which  the 
amount  of  water  stored  can  be  ascertained  for  any  depth.  The  drain- 
age area  tributary  to  this  reservoir  is  161  square  miles.  The  table 
on  page  54  shows  the  estimated  monthly  discharge  of  Arroyo  Seco  at 
the  Pettitt  ranch,  4  miles  below.  The  discharge  here  will  be  prac- 
tically the  same  as  at  the  gaging  station. 
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Fig.  14. — Oftpacity  curve  of  Foster  reeerrolr  site,  showing  capacitj,  In  thonauida  of  acre-feet, 

with  the  water  BnrJGaoe  at  yarious  levels. 


The  reservoir  site  is  situated  in  the  terraced  valley  of  Arroyo  Seco, 
and  is  a  long,  narrow,  steep-sided  stream  channel,  the  bottom  of 
which  is  covered  with  washes  of  granitic  bowlders  and  sand.  PI.  VI, 
A^  shows  the  general  character  of  this  channel  looking  upstream  from 
below  the  dam  site. 

At  the  dam  site  the  canyon  has  a  width  of  250  feet  at  the  level  of 
the  stream  and  about  900  feet  at  the  615-foot  contour,  the  top  of  the 
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dam.  The  rock  at  the  dam  site  is  the  Monterey  shale.  The  specific 
gravity  of  an  ordinary  specimen  of  the  shale  is  2  and  the  weight  per 
cubic  foot  is  about  125  pounds.  These  shales  are  hard  and  close 
textured  where  not  weathered.  In  weathering  they  do  not  crumble 
into  dust  or  sand  as  do  ordinary  rocks,  but  simply  break  into  smaller 
fragments.  At  this  point  the  shales  are  evenly  stratified  in  thin  beds 
which  strike  N.  75""  W.  and  dip  40°  SW.  Rock  is  exposed  in  the  bed 
of  the  stream  at  several  places  at  the  dam  site,  and  it  is  prol>able 
that  it  is  but  a  few  feet  to  bed  rock  at  any  i^oint.  No  borings  have 
been  made  to  bed  rock,  however.  PI.  VIII,  A,  is  a  view  of  the  north 
side  of  the  canyon  at  the  dam  site,  and  PI.  VIII,  5,  is  a  view  of  the 
south  side. 

PROPOSED  FOSTER  DAM. 

The  dam  at  this  point,  as  designed,  is  to  be  of  the  rock-fill  type. 
Three  different  classes  of  material  are  available  for  the  construction 


Fig.  15.— Foster  dam  site  and  spillway  on  Anx)yo  Seco. 

of  a  dam  here — (1)  the  Monterey  shale  on  the  south  side  of  canyon; 
(2)  the  granitic  bowlders  and  sand  in  the  bed  of  the  stream  both 
above  and  below  the  dam  site;  (3)  gravel,  sand,  and  soil  on  the  north 
side  of  the  canyon.  It  was  not  considered  safe  to  build  an  earthen 
or  sand  and  gravel  dam  in  the  main  channel  of  a  torrential  stream  of 
this  character,  so  the  loose  rock -fill  type  was  chosen.  It  will  be 
necessary  to  excavate  a  spillway  in  any  case,  and  as  located  the 
excavation  for  the  spillway  will  about  make  the  fill  for  the  dam. 
The  relative  position  of  the  dam  and  spillway  is  shown  in  fig.  15. 


MENT  AT  FOSTER   □ 


B-     SOUTH   ABUTMENT  AT   FOSTER   0AM  SITE. 
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Tlio  diiin  will  have  m  luaxiiniim  Iiei^flil  of  l-'-'i  fv«-l  ttltovt)  Ihv  Htrrani 
at  tlie  lower  too  of  the  dum,  as  shown  in  fi^.  Hi.  The  uitstrcHiu  nlope 
is  to  l>u  ll  horizontal  lo  1  vertical  anil  the  (hiwnatreain  mIojk'  IJ  liori- 
zoiital  to  1  vertical.  The  top  width  is  l<i  be  2"  feet  and  the  Mxtreme 
If'nyth  alMiut  '.MlO  feet.  The  crest  of  the  dam  is  to  Ixs  15  ftwt  almve 
the  level  of  the  spillway.  This  may  seem  excessive,  hut  so  little  i» 
known  of  the  floods  on  this  stream  that  it  was  not  considennl  wise  lo 
tiiakp  it  less.  Id  the  futnre,  if  observationu  ahowthat  it  is  advisable, 
the  level  of  the  spillway  can  be  easily  raised. 

The  (lam  is  lo  be  made  water-tight  hy  a  U-foot  layer  of  a.-4phallic 
concrete  laid  ou  the  upstream  slope  of  the  dam.  This  concrete  is  to 
be  covered  with  3^  feet  of  hand-laid  rubble  to  protect  it  from  the 
beat  of  the  sun  and  weathering.  The  asphaltic  concrete  is  lo  ln)  made 
of  sluirp,  angular  broken  rock  and  sharp  sand,  cemented  with  refined 
asphalt^  properly  tempered.  The  amount  of  asphalt  should  1>e  reduced 
to  the  smallest  amount  that,  is  required  to  secure  a  water-tight  layer. 


Pio.  16.— MBilmnni  cron  aectkm  of  propoeed  Foster  dam. 

Concrete  of  this  eharact-er,  if  laid  on  a  1^  horizontal  to  1  vertical  slope 
and  protected,  will  certainly  be  permanent. 

A  cut-off  wall  of  concrete  is  to  be  carried  down  lo  bed  rock  at  the 
upstream  toe  of  the  dam.  The  asphaltie  concrete  is  to  join  this  wall, 
making  the  entire  upstream  slope  of  the  dam  water-tight. 

The  spillway  channel  is  to  be  excavated  in  the  Monterey  shale  at 
the  south  end  of  the  dam.  It  is  to  l>e  200  feet  wide  on  the  Iwttom  and 
will  dischai^approximately  29,000  second-feet  with  the  water  12i  feet 
alwve  the  level  of  the  crest.  It  is  believed  that  this  spillway  will  Im? 
I>ennanent  without"  a  protective  pavement.  It  should  l>e  decpene<l 
somewhat  on  the  convex  side  to  throw  the  current  away  from  the 
Miuth  end  of  the  dam. 

The  outlet  from  the  resert'oir  is  to  bo  Ihrough  a  tower  and  tunnel 
near  the  south  end  of  the  dam,  as  shown  in  fig.  1 7.  The  tower  is  to 
lie  of  concrete,  is  circular  in  plan,  and  wilt  contain  the  valves  for 
com  rolling  the  flow  of  the  water  from  the  reservoir.  Four  intake  pipes 
■i  twt  iu  diamel«r  will  be  placed  in  this  tower.     The  valves  will  be 
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the  ordinary  disks  or  covers,  which  will  be  lifted  by  a  rod  and  geared 

wheels.  The  outlet  gates  from  the 
tower  are  to  be  ordinary  slide  gates  on 
steel  rollers,  with  a  clear  opening  of 
2  by  4  feet.  They  will  be  operated  by 
means  of  a  rod  and  geared  wheels,  like 
the  inlet  valves.  These  outlet  gates 
will  normally  remain  open,  but  may 
be  closed  or  partly  closed  in  case  the 
inlet  valves  should  fail  to  close  or 
break.  They  will  also  serve  to  regu- 
late the  pressure  in  the  tower  in  case 
it  Ls  difficult  to  operate  the  iulet 
valves.  As  the  water  will  be  used 
solely  for  irrigation,  all  the  inlet  valves 
were  placed  near  the  bottom  of  the 
tower.  If  desirable,  however,  others 
can  be  i)laced  at  different  levels  at  any 
time.  The  outlet  tun  nel  is  to  be  d  riven 
through  the  shale  rock  and  lined  with 
concrete  to  prevent  erosion. 

The  location  of  the  spillway  and 
dam  is  favorable  for  cheap  and  rapid 
handling  of  rock  by  means  of  two 
overhead  cableways.  The  rock  when 
blasted  will  doubtless  shatter  into 
sizes  easily  handled,  pmbably  small 
enough  to  be  loaded  into  skips  with  a 

o     steam  shovel. 

2         The  following  is  a  summary  of  the 

p     estimated  cost  of  the  Foster  dam  and 

7     reservoir : 

^     Estimated  cost  ef  Foster  dam  and  reservoir. 


\\ 


t 


o 


v 


> 


N 


..MJ^.M-M^^^siy,.} 


Loose  rock  fill  in  dam_ 

Asphaltic  concrete 

Hand-laid  nibble 

Cut-off  wall -- 

Outlet  tunnel- -  - 

Outlet  tower •. 

Inlet  valves - 

Outlet  valves 

Tower  house  and  footbridge 

Engineering  and  contingencies,  5 

per  cent 

Reservoir  and  dam  site 


$141,920 

51,240 

?4,738 

7,173 

10, 918 

9,630 

3,540 

3,900 

500 

12,182 
5, 000 


Total 380,841 
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Tlxe  estimated  cost  of  storage  at  this  locality  is  tiri.Ol  jxt  acre-foot 
if  t\\e  reservoir  is  filled  once  during  the  winter,  or  57.80  |)er  acre-foot 
if  filled  twice. 

CURRIER  RESERVOIR. 

Xlie  proposed  Currier  reservoir  is  on  Arroyo  Seco,  11  miles  south  <if 
Sole<lad  in  an  air  line  and  about  12  miles  by  the  wagon  road  (PI.  II). 
The  dam  site  lies  in  the  NE.  \  of  sec.  Iti  and  the  NW.  I  of  sec.  20,  T. 
11>  S.,  R.  0  E.,  M.  D.  M.,  and  the  reservoir  site  extends  westward 
aV>oat  3  miles  to  the  Foster  dam  site.    A  survey  was  made  of  this  loca- 


Fig.  1». — CTirTior  reservoir  site  on  Arroyo  Sch-o. 


tion  by  the  writer  in  the  suRimer  of  11)02.  The  topographic  map  of 
the  i-eservoir  is  shown  in  fig.  18.  The  altitude  of  the  stream  at  the 
dam  site  is  380  feet  by  aneroid  observations.  The  survey  was  made 
for  a  dam  which  would  raise  the  water  120  feet  above  the  bed  of  the 
stream,  or  to  the  500-foot  contour.  Such  a  dam  will  impound  24,(557 
acre-feet  of  water.  The  accompanying  table  shows  the  area  and 
capacity  of  this  reservoir  at  the  various  contours. 

Area  aiul  cajxtcity  of  }Yroposeil  Currier  resuri^oir,  Arroyo  Srco,  (*alifoniia. 


Contour. 

Area. 

Capa<Mty. 

Acrei.          ' 

Acre-ffft.     1 

S«0 

0          1 

0     1 

390 

7.8     1 

39 

400 

30.3 

229 

410 

79.5    ; 

i  1 1 

420 

112.8 

1,738 

1          430 

1 

139 

2,997 

j          440 

186 

4,622 

450 

231 

6,707 

4m 

282 

9,273 

470 

329 

13,327 

480 

375     ; 

15,847 

490 

441 

19,927 

500 

505 

24, 657 

iBR  89—0+ 
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Fig.  19  shows  the  capacity  curve  of  the  reservoir,  by  means  of 
which  the  amount  of  water  stored  can  be  ascertained  for  any  depth. 
The  drainage  area  tributary  to  this  reservoir  is  189  square  miles. 
The  table  on  page  54  shows  the  estimated  monthly  discharge  of  Arroyo 
Seco  at  the  Pettitt  ranch,  1  mile  below.  The  discharge  here  will  be 
practically  the  same  as  at  the  gaging  station.  The  reservoir  is  a 
portion  of  the  terraced  valley  of  Arroyo  Seco.  PI.  IX,  Ay  shows 
the  character  of  this  valley  looking  upstream  from  below  the  dam 
site.     The  canyon  has  a  width  of  about  340  feet  at  the  bottom  and 
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Pio.  19.— Cai>acity  cnirve  of  proposed  Currier  renervoir,  showing  capacity  in  thousands  of  acre- 
feet,  with  the  water  surface  at  various  levels. 


of  about  550  feet  at  the  level  of  the  first  terrace,  125  feet  above 
the  stream.  The  rock  at  the  dam  site  is  the  Mont-erev  shale.  This 
formation  ha^  been  described  on  page  62.  At  this  point  the  shales 
are  evenly  stratified  in  thin  b(»d8,  which  are  sharply  folded  and 
somewhat  faulted  just  below  the  axis  of  the  dam.  PI.  IX,  jB,  shows 
this  fold  on  the  south  side  of  the  canyon  and  PI.  X,  A^  shows  the 
nearly  horizontal  beds  of  shale  in  the  north  side  of  the  dam  site.  The 
shale  east  of  the  axis  of  the  fold  strikes  N.  70°  W.,  and  dips  south- 
westward  at  an  angle  of  from  40°  to  45°.    Rock  is  exposed  in  the  sides 
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of  the  canyon,  bat  the  bottom  is  covered  with  bowlders  and  sand. 
It  seems  probable  that  it  is  at  least  20  to  25  feet  to  solid  rock,  but 
no  borings  have  been  made  to  test  this  locality. 

PROPOSED  CORRIER  DAM. 

The  dam  at  this  point  as  designed  is  to  be  of  the  rock-fill  type. 
The  location  of  the  dam  and  spillway  are  shown  in  fig.  30.  It  is 
necessary  either  to  excavate  a  spillway  or  to  Ituild  a  long  wing  wall  to 
prevent  the  flood  water  from  flowing  around  the  end  of  the  dam  and 
over  the  cliff  onto  the  lower  slope.  It  was  decided  to  e.vcavate  a  spill- 
w»y  and  use  the  rock  in  the  dam.  The  dam  will  have  a  maximum 
height  of  laS  feet  above  the  surface  of  tlie  stream  and  will  probably 
t'xtend  20  to  25  feet  below  to  bed  rock,  as  shown  in  fig.  21.  The 
upstream  slope  is  to  bo  li  horizontal  to  1  vertical,  and  the  downstream 


¥la.  SO.— Carrier  dam  nito  aad  spillway  on  Arroyo  Sew, 

slope  IJ  horizontal  to  1  vertical.  The  top  width  is  t<i  be  20  feet.  The 
extreme  length  of  the  dam  will  be  1,4C0  feet,  but  only  the  upper  20 
fwt  of  the  dam  will  have  this  length,  the  balancx)  being  less  than  .'>(X) 
feet  long.  The  crest  of  the  daTii  is  to  be  15  feet  above  the  level  of 
the  spillway.  In  the  future,  if  observations  show  that  it  is  advisable, 
the  level  of  the  spillway  can  be  easily  raised.  If  raised  5  feet  it  would 
inen-ase  the  capacity  of  the  reservoir  abont  -tjtXX)  acre-feet.  The  dam 
is  to  be  made  water-tiglit  by  a  li-foot  layer  of  asphaltie  concrete,  laid 
im  the  up.stream  slope  of  the  dam.  This  concrete  is  to  be  covered 
with  3\  feet  of  hand-laid  rubble  to  protect  it  from  the  heat  of  the  sun 
and  weathering,  and  is  Ui  l>e  of  the  same  composition  as  that  described 
on  page  C3  for  use  at  the  Fostei-  dam.  A  cut-off  wall  of  Portland- 
cement  concrete  is  to  be  carried  down  to  bed  rock  at  the  upsti^eam  toe 
of  the  dam.  The  asphaltie  concrete  is  to  join  this  wall,  making  the 
entire  upstream  slope  of  the  dam  water-tight. 
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The  proposed  spillway  will  have  a  breadth  of  250  feet  and  ample 
capacity  to  handle  any  flood.  It  will  dischai^  on  a  broad  terrace 
several  hundred  feet  from  the  edge  of  the  cliff,  and  even  if  the  shale 
does  wear  somewhat  it  is  believed  that  the  spillway  will  be  perma- 
nent over  the  terrace.     It  is  proposed  to  pave  the  spillway  with  asphal- 


tic  eoncreto  for  3(M)  feet  below  the  crest  on  account  of  the  folded  and 
fractured  condition  of  the  shale. 

The  outlet  from  the  reservoir  is  to  be  through  a  tower  and  tuunel 
near  the  north  end  of  tlie  dam,  as  shown  in  fig.  22.  The  tower  is  to 
be  of  concret*!,  Is  circular  in  plan,  and  will  contain  the  valves  for  cou- 
trolliug  the  flow  from  the  i-eservoirs.  Five  intake  pipes  3  feet  in  diam- 
eter will  Iw  placed  in  this  tower.     The  valves  will  be  the  ordinary  disks 


or  covers,  which  will  be  lifted  by  a  rod  aud  geared  wheels.  The  outlet 
gat-es  from  the  tower  ai-e  to  be  ordinary  slide  gates  on  rollers,  with  a 
clear  opening  of  2  by  4  feet.  They  will  be  oporate<l  by  means  of 
a  rod  and  gean>d  wheels,  like  the  inlet  valves.  These  outlet  valves 
will  normally  remain  open,  but  may  be  closeil  or  partly  closed  in  case 
the  inlet  valves  should  fail  to  close  or  break.  They  will  also  serve  to 
regulate  the  pressure  in  the  tower  in  case  it  is  difHcult  to  operate  the 
iulet  valves.     As  the  water  will  Ire  used   solely  for  irrigatiou,  the 
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valves  were  placed  near  the  bottom  of  the  tower.  If  desirable,  how- 
ever, others  can  be  placed  at  different  levels  at  any  time.  The  out- 
let tunnel  is  to  be  driven  through  shale  rock  and  lined  with  concrete. 
As  at  the  Foster  site,  the  location  of  the  spillway  and  dam  is  favor- 
able for  cheap  and  rapid  handling  of  rock  by  means  of  two  overhead 
eableways.  The  rock  when  blasted  will  doubtless  shatter  into  sizes 
easily  handled,  probably  into  sizes  small  enough  to  l>e  loaded  into 
skii>s  with  a  steam  shovel. 

The  following  is  a  summary  of  the  estimated  cost  of  the  dam  and 
reservoir: 

Estimated  cost  of  Currier  dam  and  rettervoir. 

Loose  rock  fill  in  dam .   .   $184,130 

Aspfaaltic  concrete ... 69, 491 

Hand-laid  nibble  -    .  . _ 19,936 

Cnt-offwall 36.016 

Wing  wall  north  of  spillway 7, 704 

Pavement  on  spillway _     6, 445 

Ontlet tunnel .  11,895 

Outlettower .           11,610 

Inlet  valves        ... 4, 550 

Outletvalves 3,900 

Tower  house  and  footbridge  . .     . . .  ...     . .     . . . .   .  .  500 

Engineering  and  contingencies,  5  per  cent . .   17, 809 

Reservoir  and  dam  site .  7, 500 


Total -       381,486 

The  estimated  cost  of  storage  at  this  locality  is  *lo.47  per  acre-foot 
if  the  reservoir  is  filled  once  during  the  winter,  or  $7.74  per  acre-foot 
if  filled  twice,  as  descril>ed  on  page  85. 

As  the  discharge  of  this  stream  is  always  sufficient  to  fill  both  the 
Foster  and  Currier  reservoirs  at  least  twice  during  the  wet  season, 
the  outlet  gates  and  tunnels  were  designed  to  discharge  the  cont/ents 
of  the  reservoirs  in  thirty  days.  This  amount  of  water  can  easily  be 
handled  in  the  valley  below  for  winter  irrigation.  The  impounded 
water  can  be  released  in  the  stream  channel  below  the  Currier  dam 
and  picked  up  by  the  existing  and  proposed  canals  at  the  mouth  of 
the  canyon,  as  shown  on  PI.  II. 

SAN  LORENZO  CREEK. 

The  only  stream  of  any  importance  entering  the  Salinas  from  the 
east,  except  Estrella  Creek,  is  San  Lorenzo  Creek.  (See  Pis.  I  and  II. ) 
This  stream  leaves  the  Mount  Diablo  Range  about  15  miles  above  its 
junction  with  the  Salinas.  Its  easterly  tributary,  Lewis  Creek,  rises 
in  the  most  elevated  portion  of  the  Mount  Diablo  Range,  in  Priest 
Valley,  and  flows  northwestward  in  a  deep  valley  in  this  range  to 
within  about  5  miles  of  its  junction  with  Peach  tree  Creek,  a  stream 
that  drains  the  southwestern  slope  of  the  long,  narrow  ridge  between 
Priest  Valley  and  the  low-lying  mesa  lands  to  the  southwest.     This 
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ridge  has  an  altitude  ranging  from  3,300  to  3,800  feet,  and  runs  in  a 
general  northwest-southeast  direction  for  manj'^  miles,  being  one  of 
the  main  ridges  of  the  Mount  Diablo  Range.  These  elevated  ridp^es 
of  this  portion  of  the  Mount  Diablo  Range  are  generally  without  for- 
est covering,  and  often  without  even  brush,  bearing  only  scattere<i 
pine  and  oak  trees.  (See  PI.  X,  B.)  Many  large  areas  are  covered 
only  with  a  growth  of  grass  or  wild  oats.  In  some  of  the  valleys,  as 
Priest  Valley,  there  are  largo  scattered  oak  trees.  These  ridges  an<l 
elevated  valleys,  whicli  embrace  an  area  of  150  square  miles,  are  in 
the  region  of  greatest  i)recipitation  in  the  Mount  Diablo  Range,  and 
the  greater  part  of  the  run-off  from  San  Lorenzo  Creek  in  ordinarj^ 
years  is  from  this  portion  of  the  drainage  basin,  the  mesa  to  the  west 
yielding  little  or  no  run-off. 

All  of  the  streams  that  rise  along  the  southwest  slope  of  the  Mount 
Diablo  Range  in  Monterey  County  have  eroded  deep  channels  into 
the  soft,  sedimentary  rocks  of  the  mesa,  the  erosion  being  favoreti 
by  the  folded  and  broken  condition  of  the  strata  in  a  narrow  zone 
along  the  southwest  slope  of  the  Mount  Diablo  Range.  The  tendency 
of  these  streams — Peachtree,  Gaviota,  and  Chalone  creeks — to  follow 
this  folded  zone  is  apparent  on  inspection  of  the  drainage  lines  shown 
on  PI.  I.  The  contour  of  the  country  is  such  that  these  streams 
receive  but  little  drainage  from  the  mesa  which  slopes  southwestward 
to  Salinas  River.  Peachtree  Creek  has  recently  been  robbed  of  a 
portion  of  its  drainage  basin  by  Gaviota  Creek,  formerly  one  of  the 
small  mesa  streams.  This  change  of  drainage  was  accomplished  b\' 
the  progressive  erosion  upstream  of  the  canyon  of  Gaviota  Creek 
until  it  finally  cut  through  the  dividing  ridge  and  diverted  the  water 
from  40  square  miles  of  the  upper  drainage  area  of  Peachtree  Creek. 
The  comparative  njcency  of  this  change  is  shown  by  the  fact  that 
Gaviota  Creek  is  now  rapidly  cutting  a  deep  gorge  through  the  upper 
part  of  its  course  in  the  mesa,  having  already  sunk  its  bed  several 
hundred  feet  below  the  former  bed  of  Peachtree  Creek,  and  bj'^  the 
additional  fact  that  the  valley  of  Peachtree  Creek  below  the  diversion 
is  fast  filling  with  debris  brought  down  by  small  lateral  streams. 

Below  Lonoak  San  Lorenzo  Creek  has  eroded  a  valley  500  to  800 
feet  deep,  and  has  reached  granite  bed  rock  below  the  soft  sedi- 
mentary rocks  of  the  mesa  (see  PL  XI,  A). 

From  the  scant  information  at  hand  it  seems  probable  that  the 
upper  portion  of  this  drainage  area  in  the  Mount  Diablo  Range 
receives  an  average  annual  precipitation  of  at  least  20  inches,  with  a 
probable  maximum  for  wet  years  of  40  inches,  and  a  minimum  of  10 
inches  for  very  dry  years  (see  table  on  p.  43).  During  December, 
1900,  and  from  January  1  to  April  30,  1901,  and  during  1902,  a  record 
was  kept  of  the  discharge  of  this  stream  at  the  Mathews  ranch.  From 
these  observations  the  table  l)elow  of  discharge  of  San  Lorenzo  Creek 
has  been  prepared.  The  diagram  shown  in  fig.  23  is  a  graphic  illus- 
tration of  the  discharge  of  this  stream  during  the  season  of  1901-2, 
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Fii..  SL~Di«rJurKB  of  Saa  Lorenxo  Creek  at  IbthewB  noch  fnun  September  1,  IHPl,  to  Ancwt 


Etlintaltil  aumihly  iliKluin/e  ••/  Nun  Liirrmo  Crerh  ill  Malhewn  lUlm  site.  5  mile* 
nml  iif  KingK  Citj. 

[I>[Biiiag«  kiva,  SK  sqiun-  miten.  ] 

Dlir^lurKn  <n  iiKYind-fe»(.  I  Bno-off. 


SeroDd-  I 

reel  per  I  Depth  In 


1000. 
December  16  to  81  . 

1901. 
JaDoary 

February 

March  ..  __ 

April 

Sorember 

Dwwmber 

1903. 

JaUQary 

February 

March 

April 

November 

December 

1903. 

Jaoaary _  _ 

February 

March 

April  .  _  _ 

May     __. 


10,  SH  I 
40,384  I 


3,473 
4, 10A  ' 


NoTB.— Oag(^  faeighta  and  diacbarge  iDeasnrement  for  1901  are  given  in  Water- 
Siipply  Faper  No.  46,  page  155;  rating  table  on  page  ITS,  same  paper. 
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During  the  summer  of  1900  the  lower  part  of  this  drainage  basin 
was  explored  by  Prof.  Charles  D.  Marx.  The  Mathews  site  was  dis- 
covered and  a  reconnaissance  survey  was  made.  During  the  summer 
of  1901  Mr.  II.  E.  Green  resurveyed  the  reservoir  and  dam  site, 
designed  the  dam,  and  made  estimates  of  the  cost. 

MATHEWS   RESERVOIR. 

The  Mathews  reservoir  site  is  in  the  canyon  of  San  Lorenzo  Creek, 
about  0  miles  northeast  of  Kings  City.  The  dam  site  is  in  the  N\V.  i 
sec.  24,  T.  19  S.,  R.  8  E.,  M.  D.  M.,  and  the  reservoir  site  extends 
eastward  about  2  miles.  The  topographic  maj)  of  the  reserv^oir  is 
shown  in  fig.  24.  The  altitude  of  the  stream  at  the  dam  site  is  440 
feet.  The  survey  was  made  for  a  dam  that  would  raise  the  water  100 
feet,  to  the  540-foot  contour.  Such  a  dam  will  impound  10,131  acre- 
feet  of  water. 


Pto.  24.— Math«wH  reservoir  Bite  on  San  Lorenzo  Creek. 
Area  and  cajxiclty  of  proponed  Mathews  reseriH)ir  on  San  Lorenzo  Creek. 


Contour. 

Arpa. 

Arr*'H. 

(Opacity. 

Acre-feet. 

440 

0.5 

0 

450 

5.0 

30. 5 

460 

35. 2 

234. 5 

470 

59. 5 

708 

480 

118 

1,570.5 

490 

158.9 

2, 905 

500 

219 

4.769.5 

510 

254. 5 

7, 137 

520 

286.8 

9, 843. 5 

530 

326 

12,911.5 

540 

364 

16, 365. 5 

The  accompanying  table  shows  the  area  and  capacity  of  this  reser- 
voir at  the  various  contours.     Fig.  2^  shows  the  capacity  curve  of  the 
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reservoir,  by  means  of  which  the  amount  of  water  stored  for  any 
height  can  be  ascertained.  The  area  of  the  watershed  tributary  to 
this  reservoir  is  235  square  miles.  The  table  on  page  71  shows  the 
estimated  monthly  discharge  from  this  stream  at  the  dam  site,  and 
the  table  on  page  43  shows  the  rainfall  in  the  upper  portion  of  the 
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Acre-feel  In  thousands. 

Flu.  25— Qspacitr  curve  of  propoeed  Mathews  reaeryoir,  showiiur  capacity  in  thotiaands  of 

acre-feet  with  the  wat^  Borfaoe  at  varioas  levels. 


drainage  basin  in  Priest  Valley.  The  reservoir  is  a  portion  of  the 
canyon  of  San  Lorenzo  Creek,  where  it  has  cut  down  through  the  soft 
J^imentary  formation  of  the  mesa  into  the  granite  below.  PI.  XI,  A^ 
shows  the  character  of  this  canyon  at  the  dam  site.  At  the  dam 
site  the  canyon  has  a  width  of  120  feet  at  the  level  of  the  stream  and 
590  feet  at  the  top  of  the  dam. 
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PROPOSED   MATHEWS  DAM. 

The  dam  at  thia  point  as  designed  is  to  be  an  earth  fill.  The  posi- 
tions of  the  dam  and  spillway  are  shown  in  flg.  2G.  The  dam  will 
have  a  maximum  height  of  IIU  feet  above  the  bed  of  the  streiiin  on 


the  axis  of  the  dum,  as  shown  in  fig.  '27.  The  upstream  slope  is  to 
be  2^  horizontal  to  1  vertical,  and  the  downstream  slope  is  to  be  - 
horizontal  tol  vtsitical.  Tlie  top  width  will  bo  20  feet  and  the  extreme 
length  about  5'JO  feet.     The  crest  of  the  dam  is  to  be  10  feet  above  (lie 


Fio.  ST.— Maximum 


level  of  the  spillway.  The  dam  will  bo  made  water-tight  by  a  layer  of 
natural  bituminous  sandstone  embedded  in  the  dam,  as  shown  in  fig. 
27.  This  bituminous  rocic  can  be  obtained  at  the  Mylar  mine,  6j 
miles  upstream.     It  is  of  excellent  quality  and  can  be  had  in  large 
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quantities.  A  cut-off  wall  of  concrete 
is  to  be  carried  down  to  bed  rock  at 
the  upstream  toe  of  the  bituminous 
layer.  The  depth  to  bed  rock  was  esti- 
mated at  20  feet,  but  no  test  borings 
have  been  made  here.  The  upstream 
slope  of  the  dam  will  be  protected 
from  wave  action  by  a  2-foot  thick 
pavement  of  bowlders  and  coarse 
gravel. 

The  spillway  will  be  excavated 
through  a  low  saddle  northeast  of  the 
dam  site,  as  shown  in  fig.  2G.  It  is 
to  be  200  feet  wide  and  10  feet  deep, 
lined  with  concrete  for  a  short  dis- 
tance below  the  crest,  if  necessary. 
This  spillway  will  discharge  into  a 
lateral  canyon  which  reaches  the  main 
stream  500  feet  below  the  dam  site. 

The  outlet  from  the  reservoir  is  to 
be  through  a  tunnel  in  the  granite  bed 
rock  and  two  36-inch  cast-iron  pipes, 
as  shown  in  fig.  28.  The  flow  from  the 
reservoir  will  be  controlled  by  ordi- 
nary straight  waygates  or  valves  in 
this  pipe,  as  shown  in  figs.  29  and  30. 
The  flow  will  ordinarily  be  controlled 
by  the  lower  gate;  the  other  will  be 
normally  open,  but  can  be  closed  in 
case  of  accident  to  the  lower  gates,  or 
for  repairs.  The  shaft  is  to  give  easy 
access  to  the  gates.  As  the  water  will 
be  used  solely  for  irrigation,  the  outlet 
pipe  was  placed  near  the  bottom  of  the 
reservoir,  and  no  provision  has  been 
made  for  drawing  off  water  at  differ- 
ent levels. 

Carth  for  the  construction  of  a  dam 
lie«  above  the  granite  bed  rock  to  the 
west  of  the  dam.  It  can  be  delivered 
at  the  dam  site  either  by  a  tramway 
or  by  overhead  cableways. 

The  following  is  a  summary*  of 
the  estimated  cost  of  the  dam  and 
reservoir: 
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Etfimated  coat  of  Mathews  dam  and  retervoir. 

Earth  embaiikment . tTZ,  750.  i» 

BJtaminoue  rock  cote  wall  _ .   44, 240, 00 

Cnt-ofEwall 13,112.00 

Riprap  _ _  _ 3, 750. 00 

Outlet  tunnel,  shaft,  and  pipes...  - 16,3.3ri.O0 

Orerflow  weir 4, 800, 00 

Plant  and  material 25,000.00 

Reservoir  site  and  right  of  way _ _ 4,000.  <M1 

Engineering  and  contingencies - 18, 288.  TO 

Total _ _  301. 17-1.  TO 

Cost  of  storage  per  acre-foot,  J13.29+. 


Fi(i.  SB— PUn  of  outlet  gstcB  ot  HathewH  rt 


o'tluD  un  line  A-B  through  ontlot  gali^  "t  prupwed 
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CHALONB  CREEK. 

Chalone  Creek,  which  enters  Salinas  River  near  Metz  (PI.  I),  ih  a 
torrential  stream  flowing  from  the  boutheastem  slopes  of  the  Gabilan 
Range  and  Chalone  Peak,  draining  an  area  of  128  square  miles.  It 
also  has  cat  a  deep  canyon  across  the  mesa  lands.  The  discharge  of 
this  stream  is  large  at  times,  as  shown  by  the  character  of  the  channel. 
There  are  no  reservoir  sites  in  this  watershed,  and  it  is  of  small  impor- 
tance for  irrigation  purposes. 

MESA  STREAMS. 

All  the  streams  along  the  east  side  of  Salinas  River  whi(*h  rise  in 
the  mesa  region,  being  without  mountain  drainage  areas,  are  dry 
gulches  daring  the  dry  season  and  flow  but  a  few  hours  after  storms 
in  the  wet  season. 

CARMEL  RIVER. 

Carmel  River,  although  not  a  tributary  of  the  Salinas,  is  one  of 
the  important  streams  of  the  region  and  merits  a  short  description. 
It  rises  in  a  very  rough  mountain  country  on  the  northeastern 
slopes  of  the  Santa  Lucia  Range  and  on  the  northwestern  slopes  of 
the  Sierra  de  Salinas  and  flows  northwestwarti,  reaching  C-armel  Bay 
at  the  northwest  extremity  of  the  Santa  Lucia  Range  (PI.  I).  The 
valley  is  wide  between  the  bounding  hills  and  mountains  for  10  miles 
from  the  coast,  above  which  the  stream  flows  in  a  canyon  similar  to 
that  on  the  middle  section  of  Arroyo  Seco.  Above  Tularcitos  Creek 
the  stream  flows  in  a  eanvon  that  reaches  far  back  into  the  moun- 
tain  region.  Nothing  very  deflnite  is  known  al)out  the  altitudes  in 
this  drainage  area,  but  the  average  must  be  between  3,000  and  3,500 
feet.  The  divide  between  Carmel  River  and  Arroyo  Seco  is  at  an 
altitude  of  2,500  feet  where  it  is  crossed  by  the  trail.  This  portion  of 
the  Santa  Lucia  Range  is  covered  with  a  very  thick  growth  of  brush 
and  ^me  areas  are  well  forested  by  pines. 

The  Pacific  Improvement  Company  diverts  water  from  this  stream 
by  pipe  system  to  reservoirs  near  Pacific  Grove.  The  diversion  dam 
is  15  miles  from  the  mouth  of  the  stream,  at  an  elevation  of  428  feet 
above  sea  level.  The  water  is  used  for  domestic  supply  at  Pacific 
Grove  and  Monterey,  and  also  for  a  small  amount  of  irrigation. 

The  total  area  of  the  drainage  basin  of  Carmel  River  is  275  square 
miles. 

IRRIGATIOX. 

CROPS  IRRIGATED. 

Only  a  comparatively  small  portion  of  the  fertile  lands  ot  the 
Salinas  Valley  is  now  irrigated.  The  residents  of  this  region  have 
apparently  not  until  lately  realized  the  need  of  irrigation,  but  have 
placed  entire  dependence  on  the  rainfall,  while  vast  floods  annually 


78        WATER  REBOUB0E8  OF  8ALINA&  VALLEY,  CALIFORNIA.        [no.  89l 

run  to  waste.  The  cycle  of  dry  years  just  past  and  the  introduction 
of  new  crops  have  called  public  attention  to  the  urgent  need  of  supple- 
menting the  scant  rainfall  by  irrigation.  The  present  report  is  based 
on  investigations  undertaken  to  aid  in  the  development  of  the  wat«r 
supply  of  this  region.  In  early  days  all  the  upper  Salinas  Valley  was 
given  over  to  stock  raising,  the  upper  valley  and  mesa  lands  support- 
ing vast  herds.  In  the  early  seventies,  when  the  railroad  was  built 
south  to  Soledad,  a  gradual  change  took  place  and  wheat  farming 
was  begun  in  the  valley.  At  the  present  time  pra<5tically  all  the  high 
valley  land  is  used  for  raising  wheat  and  barley,  while  the  uplands  or 
mesas,  with  the  mountain  slopes  and  small  valleys,  are  still  given 
over  to  stock  raising.  Grazing  is  and  always  will  be  an  important 
industry.  PI.  II  shows  the  location  of  the  irrigated  and  irrigable 
lands  and  the  proposed  storage  reservoirs  and  canals  in  the  Salinas 
Valley.  It  is  estimated  that  there  are  65,CKX)  acres  of  irrigable  land 
lying  between  the  headworks  of  the  Salinas  canal  and  the  ocean.  Of 
this  amount  about  20,300  acres  are  irrigated  by  various  ditches  and 
pumping  plants,  leaving  a  balance  of  44,700  acres  of  irrigable  land  to 
be  provided  for. 

The  principal  crops  irrigated  are  sugar  beets,  alfalfa,  vegetables, 
and  grain.  Land  on  which  sugar  beets  are  raised  is  irrigated  during 
the  winter  or  early  spring,  usually  but  once,  about  1^  acre-feet  being 
run  over  the  field.  The  amount  of  water  used  of  course  varies  with 
difference  in  the  porosity  of  soil,  but  1^^  acre-feet  is  a  close  average. 
This  is  in  addition  to  the  rainfall.  Sugar  beets  are  not  irrigated  after 
planting,  but  depend  entirely  upon  one  irrigation  and  the  rainfall. 
Alfalfa  is  usually  irrigated  twice  during  the  summer,  about  1  \  a<Te- 
feet  being  used  for  each  irrigation,  or  a  total  of  3  aci'e-feet  a  year. 
Alfalfa  Is  ordinarily  cut  four  and  sometimes  five  timcii  a  year.  Land 
on  which  potatoes  are  raised  is  irrigated  once,  in  early  spring,  before 
planting,  about  1^  acre-feet  being  used.  Grain  is  irrigated  once,  in 
April  or  May,  about  1^  acre-feet  being  used. 

The  cost  of  in'igation  from  canals  is  about  SI. 50  per  acre-foot, 
including  profits  to  the  canal  companies.  Irrigation  by  pumping  is 
necessarily  more  expensive,  the  average  cost,  not  including  profits, 
being  about  $2.50  per  irrigation,  or  11.67  per  acre-foot. 

CANALS. 

The  following  is  a  brief  description  of  the  irrigation  works  now  in 
operation  in  the  Salinas  Valley. 

The  Salinas  canal  was  constructed  in  181)6  and  1897.  Water  is 
diverted  from  Salinas  River  to  this  canal  by  means  of  a  temporary 
dam  near  the  north  line  of  San  Benito  rancho,  south  of  Kings  City 
(PI.  II).  The  canal  is  30  feet  wide  on  the  bottom,  40  feet  wide  on  top, 
and  was  constructed  to  carry  5  feet  of  water.  The  grade  is  very 
light,  6  inches  per  mile,  and  the  total  length  of  the  canal  is  about 
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9  miles.  This  canal  was  designed  to  divert  water  for  winter  and 
spring  irrigation  only,  and  now  irrigates  about  3,«VH)  aeren  of  land 
near  Kings  City,  the  principal  crop  being  sugar  beets  and  barley. 

The  San  Lorenzo  canal  was  constructs  in  1896.  Water  is  diverU^d 
from  San  Lorenzo  Creek  by  means  of  a  temporary  dam  of  gravel  at 
the  mouth  of  the  canyon,  one-half  mile  below  the  Mathews  dam 
site.  (PL  II).  The  canal  is  20  feet  wide  on  the  bottom,  30  feet 
wide  on  top,  and  was  designed  to  carry  5  feet  of  water.  The  grade 
is  5  feet  per  mile,  and  the  total  length  of  the  canal  about  H^  miles. 
This  canal  was  designed  for  winter  use  onl}*,  and  takes  the  flood 
water  and  winter  flow  from  San  I>orenzo  Creek,  which  is  practically  a 
dry  stream  in  the  summer.  The  land  irrigated  is  what  is  termed  the 
San  Lorenzo  Creek  bottom,  and  the  amount  irrigated  eai'h  year  has 
varietl  greatly,  for  since  the  construction  of  the  canal  there  have  been 
years  of  very  scant  rainfall.  Perhaps  8(X)  acres  a  year  would  cover 
the  ser\''ice  of  this  canal. 

Arroyo  Seco  canal  No.  1  diverts  flood  water  from  the  Arroyo  Seco 
at  the  south  line  of  lot  1  of  the  Arroyo  Seco  raucho  (PI.  11).  It 
was  constructed  in  1897.  The  canal  is  25  feet  wide  on  the  bottom, 
35  feet  wide  on  top,  and  was  designed  to  carry  5  feet  of  water.  The 
grade  is  5  feet  per  mile  and  the  length  is  about  4  miles.  This  canal 
irrigates  about  300  acres  of  land  a  year  on  the  north  half  of  the 
Arrovo  Seco  rancho. 

Arroyo  Seco  canal  No.  2  is  owned  by  the  Arroyo  Seco  Improvement 
Company,  It  was  constructed  in  1898.  Water  is  diverted  to  this 
canal  by  a  temporary  dam  of  gravel  at  the  mouth  of  the  canyon  of  the 
Arroyo  Seco,  at  the  south  line  of  the  Arroyo  Seco  rancho  (PI.  II).  The 
canal  is  17  feet  wide  on  the  bottom,  27  feet  wide  on  top,  and  was  con- 
structed to  axrry  5  feet  of  water-.  The  grade  is  1  foot  per  mile  and 
the  total  length  about  4  miles.  This  canal  irrigates  about  4,000  aci-es 
of  land  each  year  on  the  south  half  of  the  Arroyo  Seco  rancho  and  on 
the  Espinosa  tract. 

Arroyo  Seco  canal  No.  3  was  constructed  by  the  Spreckels  Sugar 
Company  in  1901  and  1902.  Water  is  diverted  to  this  canal  from  the 
Arroyo  Seco  by  a  temporary  dam  about  one-half  mile  below  the  head 
of  canal  No.  2  (PI.  II).  The  canal  is  20  feet  wide  on  the  bottom, 
38  feet  wide  on  top,  and  was  constructed  to  carry  4  feet  of  water. 
The  grade  is  5  feet  per  mile,  and  the  length  is  14  miles.  It  irrigates 
2,(KMj  acres  of  land  on  the  Soledad  rancho.^ 

The  Gonzales  Water  Company's  canal  was  constructed  in  1899 
at  a  cost  of  $18,375  for  construction  of  canal  and  right  of  way. 
The  main  canal  is  7|  miles  long  and  diverts  water  from  Salinas 
River  by  a  wing  dam  of  sand  and  brush  about  4  miles  south  of  the 
town  of  Gonzales  (PL  II).  The  river  at  this  point  flows  throughout  the 
jear.     The  canal  is  16  feet  wide  on  the  bottom,  32  feet  wide  on  top, 


a  InfomLation  furnished  by  the  Spreckels  Sugar  Company. 
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and  has  a  grade  of  1  foot  per  mile.  About  2,700  acres  of  land  are 
irrigated  from  this  canal,  principally  grain  land,  but  during  the  last 
summer  somewhat  over  5(X)  acres  have  been  irrigrated  for  alfalfa, 
beets,  and  beans.  The  land  has  proved  to  be  well  adapted  to  irriga- 
tion, being  well  drained  and  fertile.  Good  crops  have  been  obtained 
when  all  else  around  was  a  failure. « 

The  Brandenstein  ditch  (now  abandoned)  diverted  water  from 
Salinas  River  in  sec.  10,  T.  23  S.,  R.  10  E.,  M.  D.  M.,  and  irrigated 
land  on  the  San  Bernardino  rancho,  southeast  of  San  Ardo.  The  sur- 
vey was  made  for  a  canal  50  feet  wide  with  a  depth  of  3  feet  of  water, 
and  with  a  grade  of  2  feet  per  mile.  The  main  canal  is  about  6  miles 
long,  and  from  8  to  10  miles  of  lateral  ditches  have  been  constructed. 
No  information  is  available  as  to  the  amount  of  water  actually  used 
or  the  exact  location  of  the  canals,  so  no  attempt  has  been  made  to 
delineate  them  on  the  maps.^ 

PUMPING   PLANTS. 

Considerable  water  is  pumped  for  irrigation  at  several  points  in  the 
Salinas  Valley.  At  the  Spreckels  Sugar  Company's  ranch  No.  1 ,  at  the 
sugar  factory,  4  miles  south  of  Salinas  (PI.  II),  about  3,(XX)  acres  are 
irrigated,  the  waste  water  from  the  factory  being  utilized.  The  pump  is 
an  18-inch  Byron- Jackson  centrifugal,  directly  connected  with  a  Gen- 
eral Electric  4rOO-horsepower  motor,  driven  from  the  factory  generator. 
The  average  lift  is  25  feet;  the  total  average  lift,  including  friction 
in  pipe,  50  feet.  The  length  of  pipe  is  4  miles;  the  diameters,  30,  32, 
and  34  inches.  The  general  requirements  of  irrigation  demand  20 
inches  in  depth  of  water  per  annum.  The  pump  can  also  take  water 
directly  from  Salinas  River  for  irrigation  at  any  time.  Wat«r  is 
spread  by  a  system  of  permanent  checks.  The  average  size  of  the 
ditches  is  3  feet  on  bottom,  12  feet  on  top,  and  3^  feet  deep. 

The  Spreckels  Sugar  Company  also  has  a  pumping  plant  on  the 
Willoughby  tract,  near  Spence  station,  on  the  right  bank  of  Salinas 
River  (PI.  II).  The  plant  consists  of  one  20-inch  Krugh  centrifugal 
pump,  belted  to  an  Atlas  compound  engine.  The  pump  takes  water 
from  Salinas  River  to  irrigate  500  acres.  The  capacity  of  pump  is 
6,000  to  10,000  gallons  per  minute,  with  an  average  lift  of  23  feet. 
The  average  area  irrigated  is  350  acres  on  alternate  years.  The 
average  cost  of  pumping  water  is  $2  per  acre,  or  tl.20  per  acre- foot, 
running  daytime  only.  The  consumption  of  fuel  is  one-third  cord  of 
wood  per  acre  irrigated. 

At  the  Spreckels  Sugar  Company's  ranch  No.  2 — the  Soledad  rancho 
(PI.  II),  opposite  Soledad — about  500  acres  are  irrigated  by  water 
pumped  from  Salinas  River.  The  pumping  plant  consists  of  one 
20-inch  Krugh  centrifugal  pump,  belted  to  an  18  b}^  24  inch  Atlas 


a  Information  fnmiBhed  by  Dr.  A.  GonzaleB,  president  Gomsalef}  Wftter  Company. 
(•Information  furnifihed  by  Mr.  Meyer  Brandenstein. 
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simple  engine.  The  average  lift  is  22  feet,  and  the  capacity  of  the 
pump  is  6,000  to  10,000  gallons  per  minute.  The  consumption  of  fuel 
is  at  the  rate  of  one-half  cord  of  wood  per  acre  irrigated.  The  cost 
of  irrigation  is  $2.50  per  acre,  or  $1.30  per  acre-foot,  running  day- 
time only.  The  general  requirements  of  irrigation  demand  22  inches 
in  depth  in  winter  and  spring.  A  general  view  of  this  pumping  plant 
is  shown  in  PL  XI,  B, 

At  the  Spreckels  Sugar  Company's  ranch  No.  3  there  is  a  pumping 
plant  on  Salinas  River,  near  Kings  City  (PI.  II).  It  consists  of  three 
20-inch  Krugh  centrifugal  pumps,  each  belted  to  an  18  by  24  inch 
Atlas  simple  engine.  Originally  all  the  pumps  took  water  from  a 
sump  fed  from  Salinas  River  and  discharged  into  a  60-inch  wood-stave 
pipe,  3,300  feet  in  length.  Lately  one  pump  has  Ijeen  connected  with 
six  wells,  20  inches  in  diameter  and  70  feet  deep,  furnishing  0,000 
gallons  of  water  per  minute.  The  capacity  of  each  pump,  when 
pumping  from  sump,  is  8,000  to  10,0(K)  gallons  per  minute.  The  lift 
is  from  20  to  35  feet.  The  fuel  used  consists  of  willow  and  cotton- 
wood.  The  total  area  susceptible  of  irrigation  is  2,()i)0  acres,  partly 
controlled  by  the  Salinas  canal.  About  400  acres  of  alfalfa  are  irrigated 
from  the  deep  wells.  PI.  XII  is  a  general  view  of  this  plant,  showing 
disctbarge  pipes  and  00-inch  wood-stave  pipe.  ^ 

The  Salvation  Army  Colony  tract  on  tlu^  Soledad  rancho  plant 
pumps  water  to  a  tract  of  land  on  the  south  side  of  Salinas  River  near 
Sole<lad  (PI.  II).  The  source  of  supply  is  Salinas  River,  from  which 
the  water  is  divei-ted  by  an  open  cut. 

The  Soledad  Land  and  Water  Company  has  a  pumping  x)1ant  on  the 
Soledad  rancho,  on  the  south  side  of  Salinas  River,  where  water  is 
pumped  for  irrigating  800  acres  of  land  near  the  old  Soledad  Mission. 
The  soil  is  sandy  loam,  without  hardpan,  and  requires  about  1  acre- 
foot  during  the  irrigating  season,  which  extends  from  April  1  to 
November  1. 

The  pump  is  a  centrifugal  pump  of  10,000  gallons'  capacity  i)er 
minute,  with  a  lift  of  20  feet.  The  plant  is  so  arranged  that  water 
may  be  pumi)ed  to  a  height  of  14,  20,  22,  27,  or  31  feet,  as  required. 
The  power  is  furnished  by  an  85-hor8epower  tandem,  compound,  Cor- 
liss engine,  belted  to  the  centrifugal  pump.  This  plant  cost  $10,000 
exclusive  of  the  ditches.  The  actual  running  expense  per  hour, 
without  taking  into  account  the  depreciation  of  the  plant,  is  about 
as  follows: 

Engineer $0.80 

Superintendent _ 25 

Fuel .- 25 

(m : _ _... ,10 

Inddentalfl _ ..: 10 

Total. 1.00 

a  Information  furnished  by  the  Spreckels  Sngar  Company. 
IBR  89—04 6 


82        WATER  BES0UBCE8  OF  SALINAS  VALLEY,  CALIFOBNIA.        F^o.  »• 

The  fuel  used  is  willow  and  cottonwood,  of  rather  poor  quality, 
which  is  burned  at  the  rate  of  about  1  cord  every  six  hours.  The  cost  of 
cutting  and  delivering  wood  on  the  company's  land  is  $1.50  per  cord. 
This  plant  is  operated  very  economically  and  gives  satisfaction.  <» 

In  the  lower  Salinas  Valley  there  are  many  small  pumping  plant.s 
that  pump  from  deep  wells.  The  pumps  are  usually  of  the  centrif- 
ugal type,  operated  by  gasoline  engines  or  occasionally  by  threshing 
engines,  which  are  moved  from  place  to  place.  Many  of  these  wells 
will  yield  a  second-foot,  and  it  seems  certain  that  there  is  a  large  sup- 
ply of  underground  water  in  the  vicinity  of  Salinas.  These  wells  are 
used  to  ii  rigate  fields  of  alfalfa,  potatoes,  and  vegetables.  The  aggre- 
gate area  thus  irrigated  was  estimated  to  be  approximately  2,0<X> 
acres.     The  underground  water  is  discussed  on  pages  21-33. 

EXTENSION  OF  IRRIGATION. 

There  are  four  sources  of  water  supply  available  in  this  region  for 
the  extension  of  irrigation,  viz:  (1)  Salinas  River,  (2)  San  Antonio 
River,  (3)  San  Lorenzo  Creek,  and  (4)  Arroyo  Seco.  The  location  of 
these  streams  is  shown  on  PI.  I,  and  the  location  of  the  most  important 
reservoirs  on  PI.  II. 

EXTENSION  OF  IRRIGATION  PROM   SAUNAS  RIVER. 

The  waters  of  Salinas  River  sink  into  the  broad,  sandy  channel 
described  on  page  47,  leaving  but  little  surface  flow  in  the  dry  season, 
when  water  is  most  needed.  The  winter  floods  are  large,  sweeping 
everything  before  them  and  converting  the  broad,  sandy  channel  into 
a  bed  of  shifting  quicksand  and  silt.  The  estimated  discharge  of  this 
stream  from  January  1  to  July  31,  1001,  is  shown  in  the  tables  on 
page  48.  The  grade  of  this  stream  is  very  light,  as  noted  on  page  47, 
and  the  channel  lies  far  below  the  general  level  of  the  valley.  Any 
canals  diverting  water  from  this  stream  to  the  irrigable  lands  would 
of  necessity  have  a  very  flat  gradient  and  large  cross  section  to  deliver 
a  sufficient  amount  of  water.  This  adds  greatly  to  the  cost  of  eon- 
struction.  These  features  and  the  shifting  channel  of  quicksand  make 
it  very  difficult  to  divert  the  winter  flow  f tom  the  river.  So  serious 
are  these  obstacles  that  no  large  canals  have  been  construct-ed  to 
utilize  the  winter  flow  of  the  stream.  Future  investigation  will,  with- 
out doubt,  show  that  it  will  be  possible  to  divert.  Salinas  River  for 
winter  irrigation,  so  as  to  conserve  a  portion  of  the  water  stored  on 
the  tributaries  for  summer  use.  There  is  an  abundance  of  flood  water 
for  all  the  valley  land  that  can  be  reached.  Diversion  from  this 
stream  will  probably  be  most  easily  made  by  means  of  low,  light 
weirs,  such  as  are  used  on  Kern  River.  They  are  inexpensive  and  in 
such  a  stream  are  very  eflFective. 


o  Information  by  Mr.  B«n  Gould,  Solodad,  Cal, 
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Although  the  grade- of  Saluias  Hiver  is  very  flat,  the  graden  of  ito 
prineipal  tributaries  are  much  steeper,  aud  a  point  i.s  hood  reached  in 
ascending  these  streams  where  the  flow  may  be  diverted  to  the  valley 
lands  below. 

EXTENSION  OP  IRRIGATION  FROM   SAN  ANTONIO   RIVER. 

The  most  southern  tributary  of  Salinas  River  from  which  it  is  prac- 
ticable to  divert  water  for  the  Salinas  Valley  is  San  Antonio  River. 
The  Pinkerton  reservoir  on  this  stream  has  been  des<»ril>ed  on  page  51 . 

By  reference  to  the  table  on  page  52  the  cost  of  storage  is  seen  to 
be  excessive,  but  if  a  dam  could  be  constructed  to  a  height  of  75  or 
100  feet  the  storage  capacity  of  the  reservoir  would  be  enormously 
increased.  There  is  no  probability  of  a  shortage  of  water,  as  the 
run-off  from  San  Antonio  River  is  certainly  large.  There  is  not 
enough  irrigable  land  along  this  stream  for  many  miles  below  to 
justify  the  exi)ense  of  a  dam  here.  The  only  other  land  within  reach 
of  this  reservoir  is  the  Salinas  Valley  between  Wunpost  and  Kings 
City.  It  is  approximately  22  miles  from  the^ reservoir  to  Wunpost. 
The  canal  would  be  on  steep  sidehills  for  a  large  part  of  the  way 
unless  it  could  be  run  through  Hames  Valley,  in  which  case  the  dis- 
tance would  be  considerably  shortened.  It  would  be  necessary  to 
cross  Salinas  River  with  an  expensive  flume  to  reach  the  northeast 
side  of  the  valley. 

For  these  reasons  no  further  investigations  were  made  of  this  proj- 
ect. It  is  possible,  however,  that  in  the  future  this  site  may  become 
a  valuable  adjunct  to  the  irrigation  systems  in  the  Salinas  Valley.  A 
cheaper  dam,  of  the  rock-fill  type,  could  be  substituted  for  the 
masonry  structure,  and  this  would  greatly  reduce  the  cost  of  storage. 

EXTENSION   OF  IRRIGATION   FROM  SAN  LORENZO  C7REEE. 

The  proposed  Mathews  reservoir  and  dam  have  been  described  on 
page  72.  From  December  16,  1900,  to  April  30,  1901,  inclusive,  the 
estimated  discharge  of  this  stream  was  52,585  acre-feet  (see  table 
on  p.  71),  or  nearly  three  and  one-fourth  times  the  capacity  of  the 
reservoir.  From  November  1,  1001,  to  April  30,  1002,  inclusive,  the 
estimated  discharge  of  this  stream  was  but  14,271  acre-feet  (see  table 
on  p.  71),  or  but  nine-tenths  the  capacity  of  the  reservoir.  As  the 
rainfall  this  season  was  undoubtedly  somewhat  l)elow  the  normal,  it 
is  probable  that  the  reservoir  will  be  filled  in  a  season  of  average 
rainfall,  while  much  water  would  go  to  waste  in  a  wet  season.  From 
November  1,  1902,  to  May  30,  1003,  inclusive,  the  estimated  discharge 
of  this  stream  was  20,290  acre-feet  (see  table  on  p.  71),  or  one  and 
one-fourth  times  the  capacity  of  the  reservoir.  Residents  along  the 
stream  are  authority  for  the  statement  that  in  some  very  dry  seasons 
the  stream  flows  little  or  none  in  the  lower  portion.  During  the 
summer  the  water  is  very  alkaline.     A  sample  collected  one-fourth 
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mile  above  the  head-gate  of  the  San  lioreuzo  canal  in  the  summer 
of  1901  and  analyzed  shows  that  when  the  stream  is  at  the  summer 
stage,  discharging  about  1  second-foot,  the  water  may  be  expected 
to  contain  about  480  parts  of  solids  in  100,000  parts  of  water.  The 
complete  analysis  is  shown  below,  expressed  in  parts  i)er  100,000, 
the  elements  being  calculated  as  compounds. 

Analysis  of  water  from  San  Lorenzo  Creek  during  summer  flow, <^ 

Parts  in 
100,0(11 

Calcinm  snlphate  (CaSO^) ...       ..     80.15 

Magnesinin  snlphate  (MgSOi)  .              - .  57. 40 

Sodinin  sulphate  (Na^SO^)  -. .     _ ...   .   ..  175.22 

Potassium  chloride  (KCl)      ...         ...   .-..  10.68 

Sodium  chloride  (Naa)     ...    .                            . .     .       .   .  119.:i5 

Sodium  bicarbonate  (NaHCOa) 34.11 

Sodium  carbonate  (Naa CO3) ■*•  1^ 


Total.  .     .     -  - 481.10 

Samples  of  water  were  also  collected  from  the  firet  rises  at  the  begin- 
ning of  the  wet  seasoi^  No.  1  when  the  stream  had  risen  1  foot  and 
No.  2  when  it  had  risen  approximately  2  feet.  The  projportion  of 
solids  is  still  seen  t.o  "be  very  large. 

Analyses  of  water  from  San  lAyrenzo  Creek  at  beginning  of  wet  season.^ 


Calcium  sulphate  (CaS04) 

Magnesium  sulphate  (MgSOJ 

Sodium  sulphate  (Na,S04) 

Potassium  chloride  (KCl) 
Sodium  chloride  (NaCl)  ... 
Sodium  bicarbonate  (NaHCO,) 

Total- 


No.  1. 

No.  s. 

Afrfo  in 

100,000. 

Part*  in 
100^000. 

53.8 

114.9 

74.1 

a5.8 

87.9 

40.4 

15.6 

22.5 

40.1 

"  17.1 

43.7 

74.9 

264.7 


355. 6 


No  samples  have  been  collected  from  this  stream  after  prolonj^ed 
floods,  but  no  doubt  the  amount  of  alkali  is  much  less  in  time  of  flood. 
Provision  should  be  made  for  drawing  off  the  summer  flow  and  the 
first  flood  waters  before  filling  the  reservoir.  The  total  mineral  con- 
tent of  the  low- water  flow  and  first  floods  is  so  large  as  to  produce  an 
appreciable  and  ultimately  deleterious  deposit  in  irrigated  soil.  The 
stream  carries  a  large  amount  of  silt  in  floods,  but  no  determinations 
have  been  made  of  the  percentages  or  the  time  it  will  take  to  fill  the 
reservoir. 

As  no  run-off  records  were  kept  on  this  stream  prior  to  1900,  there 
are  few  data  on  which  to  base  a  reliable  estimate  of  the  discharge.     It 


nU.  S.  Department  of  Aflrricolture,  Bureau  of  Soils.    Atherton  Seidell,  analyst. 
f>  U.  S.  Department  of  Agriculture,  Bureau  of  Soils.    Bailey  E.  Brown,  analyst. 
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seems  probable,  however,  that  dry  seaHonn  may  occur  once  in  from  six 
to  ten  years,  when  little  water  will  be  stored,  and  a  supply  must  l)e  held 
over  from  the  preceding  season.  It  is  estimated  that  4,(HK)  acre-feet 
should  be  held  over  to  maintain  crops  that  require  a  continuous  sup- 
ply of  water,  as  alfalfa,  etc.  By  this  estimate  the  effei'tive  cai>acity 
of  the  reservoir  is  reduced  from  about  16,000  acre-f<H>t  to  about  12,000 
acre-feet  in  ordinary  seasons.  Assuming  the  duty  of  water  at  2  acre- 
feet  per  season,  this  reservoir  should  provide  water  for  6,(KX)  acres  in 
ordinary  seasons  with  a  hold-over  supply  of  4,000  acre-feet. 

During  seasons  of  more  than  average  rainfall  if  the  water  for  winter 
irrigation  is  drawn  from  the  reservoir  it  will  serve  as  a  regulator  of 
the  flood  discharge,  and  more  land  can  be  irrigated  if  crops  reciuiring 
winter  irrigation  only  are  raised. 

Canals  are  already  constructed  from  the  mouth  of  the  can^'on  to 
and  beyond  Kings  City,  but  it  will  be  necessary  to  extend  the  system 
if  the  reservoir  is  built;  however,  no  expensive  works  will  1k^  necessary. 

EXTENSION   OF  IRRIGATION   FROM  ARROYO  SECO. 

The  proposed  Foster  and  Currier  reservoirs  have  been  described  on 
pages  59  and  65.  The  table  on  page  54  shows  that  the  total  estimated 
discharge  of  Arroyo  Seco  from  January  1  to  August  31,  1001,  was 
144,602  acre- feet,  approximately  3.5  times  the  combined  capacity  of 
both  reservoirs:  One  large  flood  occurred  in  November,  ID(K),  of  which 
there  is  no  record,  as  the  gaging  station  had  not  yet  been  established, 
but  it  is  certain  that  a  great  amount  of  water  was  discharged. 

The  table  on  page  54  shows  that  from  September  1,  11)01,  to  August 
31,  1902,  the  total  estimated  discharge  of  this  stream  was  1(K),047  acre- 
feet,  or  approximately  2.4  times  the  capacity  of  both  reservoirs.  The 
rainfall  throughout  the  Salinas  Valley  was  somewhat  below  the  aver- 
age this  season.  The  table  on  page  54  shows  that  from  September  1, 
11K>2,  to  August  31,  1903,  the  total  estimated  discharge  of  the  stream 
was  104,024  acre-feet,  2^  times  the  combined  capacity  of  both  reser- 
voirs. No  other  records  of  the  discharge  of  this  stream  have  l)een 
kept,  and  no  estimate  can  be  made  of  the  discharge  for  a  very  dry 
season,  snch  as  that  of  1897-98,  but  from  the  testimony  of  residents 
in  this  T^ion  it  seems  probable  that  both  reservoirs  can  he  filled 
once  even  in  seasons  of  very  scant  rainfall,  and  no  hold-over  storage 
will  be  necessary. 

In  seasons  of  ordinary  rainfall  the  discharge  of  the  stream  is  suffi- 
cient to  fill  both  reservoirs  twice  and  in  wet  years  three  or  more  times. 
As  noted  on  page  78,  it  is  desirable  to  irrigate  for  certain  crops  during 
the  winter  and  early  spring,  say  from  January  1  to  March  31.  This 
ordinarily  is  the  season  of  greatest  discharge  from  the  Arroyo  Seco. 

It  seems  probable  that  b}"^  proper  management  both  reservoirs  can 
be  filled  and  emptied  and  filled  again  in  this  period  in  seasons  of  ordi- 
nary rainfall  and  filled  and  emptied  twice  and  filled  again  in  wet  sea- 
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sons.  As  noted  above,  they  can  probably  be  filled  once  even  in  the 
driest  years.  Tbe  combined  capacity  of  the  reservoirs  is  41,367  acre- 
feet.  By  this  estimate  it  is  seen  that  it  will  be  possible  to  start  at  the 
bes:inning  of  the  dry  season  with  full  reservoire,  which,  with  the  duty 
of  water  at  2  acre-feet,  will  provide  irrigation  for  about  20,000  acres 
in  very  dry  seasons.  This  is  sufficient  to  carry  through  a  dry  year 
such  crops  as  alfalfa,  as  well  as  orchards,  etc.  In  seasons  of  ordinary 
rainfall  the  reservoirs  should  provide  water  for  irrigating  40,000  acres, 
and  in  wet  seasons  00,000  acres  or  more.  It  is  believed  that  this 
estimate  is  conservative. 

The  reservoirs  are  thus  seen  to  serve  as  regulators  of  the  flood  dis- 
charge as  well  as  storage  reservoirs. 

To  carry  this  water  to  the  lands  l>elow  it  will  be  necessary  t^o  con- 
struct a  canal  approximately  as  located  on  PL  II.  This  canal 
can  be  so  located  as  to  divert  flood  water  from  Salinas  River  between 
Kings  City  and  Soledad,  and  the  canals  from  the  San  Lorenzo  and 
Arroyo  Seco  could  discharge  into  it  during  the  latter  part,  of  the  sea- 
son, supplementing  the  winter  flow,  if  necessary.  It  is  believed  that 
such  a  canal,  in  connection  with  the  reservoirs,  will  supply  water  to 
all  the  best  irrigable  land  from  Soledad  to  the  Bay  of  Monterey.  No 
surveys  for  such  a  canal  and  no  estimates  of  its  cost  have  been  made 
by  the  United  States  Geological  Survey. 

The  stream  carries  but  a  small  percentage  of  silt,  and  the  water  is 
very  pure,  in  every  way  suited  for  irrigation  and  domestic  use. 

The  following  table  of  analysis  shows  the  character  of  this  water 
at  the  gaging  station  the  first  of  the  season  after  a  slight  rise: 

Analysis  of  water  from  Arroyo  Sex'o.^ 

Parts  in 
100,000. 

Calcium  sulphate  (CaSO^) _.   ._ ._   ..     4.0 

Magnesium  sulphate  (MgSOJ 2. 9 

Potassium  chloride  (KGl) 1.0 

Sodium  bicarbonate  (NaHCOj)  _ _   _ _  _   13. 8 

Potassium  bicarljonate  (KHCO3) 8 

Total 22.5 

Other  analyses  show  that  the  flood  water  contains  slightly  less  min- 
eral matter. 

EXTENSION   OF   IRRIGATION   BY   PUMPING   WATER. 

If  the  above-described  reservoirs  and  canals  are  constructed  it  is 
probable  that  pumping  water  for  irrigation  will  decrease  rather  than 
increase  in  the  lower  Salinas  Valley.  The  high  price  of  fuel  makes 
pumping  expensive  and  in  the  future  it  will  undoubtedly  be  limited 
to  procuring  water  for  domestic  supplies  and  for  the  irrigation  of 
small  garden  patches.     The  underground  water  conditions  of   the 


a  Calculated  as  compuundH.    U.  8.  Department  of  Agriculture,  Bureau  of  Soils.    Bailey  E. 
Brown,  analyst. 
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lower  Salinas  Valley  have  been  describe<l  on  page  21.  In  the  upper 
Salinas  Valley  and  the  mesa  regions  it  is  not  improbable  that  stifli- 
eient  water  for  stock-raising  purposes  could  l)e  reached  by  deep  wells. 
Deep- well  pumps  driven  by  powerful  windmills  would  raise  the  water 
to  the  surfivce  and  make  available  range  lands  now  unnse<l.  For  a 
detailed  description  of  pumps  and  windmills  used  for  such  purixoses 
the  reader  is  referred  to  Water-Supply  and  Irrigation  Papers  Nos.  1,  8, 
U,  29,  41,  and  42  of  the  Ignited  States  (Tcological  Survey,  and  for  a 
description  of  the  methods  of  irrigation  from  wells  to  Wat^r-Supply 
and  Irrigation  Paper  No.  20. 

SUMMARY. 

The  important  results  of  the  hydrographic  investigations  are  sum- 
marized in  the  following  table: 

Stimmartf  of  results  of  investigations. 


IxnproTeznent. 


P^*ter  recKfrroir,  125-foot  dam: 

Indrj'years 

la  ordinary  years 

In  wet  years 

(^irricr  reservoir,  135-foot  dam: 

Indryyears I 

Inordinary  years 

Inwetyears ' 

Mathews  reservoir,  110-foot  dam:  | 

Indryyears 

In  ordinary  years. 

In  wet  years 


Cost  of  inataUatian. 

charge  for 
interest, 

taxes,  and 
mainte- 
nance. 

$41,297.00 

Annual 

charges  per 

acre-foot 

stored. 

Capacity 
in  acre- 
feet. 

Total. 
$200,841.00 

Per  acre- 
foot 
stored. 

16,710 

$15.61 

$1.28 

33,48) 

280,841.00 

7.80 

41.237.00 

.64 

50,130 

200,841.00 

5.20 

41,237.00 

.48 

24,857 

381,486.00 

15.47 

29,441.00 

1.19 

49,300 

381,486.00  ' 

7.74 

20.441.00 

.00 

73,971 

381,486.00 

5.16 

29,441.00 

.40 

4,000 

201,175.70 

50.20 

17,180.00 

4.30 

12,000 

201,175.70 

16.76 

17,180.00 

1.48 

16,131 

201,175.70 

12.29 

17,180.00 

1.07 

In  the  above  estimate  interest  was  calculated  at  6  per  cent  and 
taxes  at  0.8  of  1  per  cent  on  the  total  cost  of  the  dams  and  reservoirs. 
In  each  case  an  additional  charge  of  $3,500  per  annum  was  made  for 
maintenance  and  supervision. 

The  last  column  of  the  foregoing  table  gives  the  cost  per  acre- foot 
I^r  annnm  of  water  stored  at  the  above-mentioned  reservoirs.  Data 
are  not  available  to  estimate  the  loss  by  seepage  in  canals  and  by 
evaporation,  but  in  estimating  the  amount  of  land  that  can  be  irri- 
gated a  liberal  allowance  has  been  made  of  the  duty  of  water.  It  is 
assumed  that  for  each  1.5  acre-feet  of  water  put  on  the  land  0.5  of  an 
acre-foot  will  be  lost  in  the  canals.  About  1.5  acre-feet  per  annum 
is  the  average  amount  of  water  actually  used  on  the  land.  The  Leigh 
reservoir  and  Pinkerton  reservoir  are  not  of  special  value  at  pres- 
ent, but  may  be  valuable  adjuncts  to  the  water  supply  of  the  Salinas 
Valley  in  the  future. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Hydrographic  Branch, 
Washington,  D.  C,  Jidy  21,  1903, 

Sir:  I  have  the  honor  to  trHnsmit  herewith,  for  publication  in  the 
Water-Supply  and  Irrigation  series,  a  paper  on  the  **  Geology  and 
Water  Resources  of  a  Portion  of  the  Lower  James  River  Valley,  South 
Dakota,'^  prepared  by  Messrs.  J.  £.  Todd  and  the  late  C.  M.  Hall, 
acting  under  the  direction  of  Mr.  N.  II.  Darton. 

The  region  is  a  portion  of  the  territor}^  of  which  Mr.  Darton  made 

a  reconnaissance  several  years  ago.     Professors  Todd  and  Hall  have 

obtained  a  large  amount  of  new  data,  and  this  is  presented  in  maps 

and  diagrams  which,  it  is  believed,  will  prove  of  interest  and  value 

to  many  persons. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engineer, 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey, 
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GEOLOGY  AND  WATER  RESOURCES  OF  PART  OF  THE 
LOWER  JAMES  RIVER  VALLEY,  SOUTH  DAKOTA. 


By  J.  E.  Todd  and  C.  M.  IIali.. 


lX)CATIOX  AK^D  IMPORTANCE  OF  THE  REGION. 

The  region  treated  in  this  paper  includes  the  Alexandria,  Mitchell, 
Karon,  and  De  Smet  quadrangles.  It  is  bounded  by  parallels  43°  30' 
and  44°  30'  north  latitude  and  meridians  97°  30'  and  98°  30'  west  lon- 
gitude. It  embraces  the  whole  of  Davison,  Hanson,  and  Sanborn 
counties,  the  most  of  Beadle  and  Miner,  and  portions  of  Kingsbury, 
Jerauld,  Aurora,  and  McCook  counties,  S.  Dak.  It  is  traversed  from 
north  to  south  by  James  River  Valley,  along  which  it  extends  for 
alwut  75  miles. 

The  peculiar  geologic  interest  in  this  region  arises  from  the  presence 
m  its  southern  portion  of  a  low  buried  mountain  range,  carved  out 
of  pre-Cambrian  rocks,  over  which  Cretaceous  strata  were  laid  down 
until  the  whole  became  a  plain.  The  way  in  which  this  was  accom- 
plished has  been  revealed  clearly  by  the  numerous  borings*  made  for 
artesian  wells.  The  region  also  exhibits  representative  portions  of 
the  Gary  and  Antelope  moraines  of  the  Wisconsin  age  of  the  Glacial 
epoch. 

The  economic  value  of  the  investigation  here  presented  is  mainly 
connected  with  the  underground  water  resources,  for  the  greater  part 
of  the  region  lies  in  the  artesian  basin.  The  number  of  water-bearing 
strata,  the  pressure  of  the  water,  and  various  other  questions  con- 
nected with  the  development  of  this  resource  have  been  studied  with 
c&i^ 

TOPOGRAPHT. 

In  general  the  surface  is  very  even,  none  of  it  being  too  rough  or 
too  steep  for  plowing  except  in  the  immediate  vicinity  of  the  larger 
stieams  and  in  a  few  ravines  which  are  cut  in  its  steeper  slopes. 
Much  of  the  region  is  nearly  level,  but  as  a  whole  it  presents  consid- 
erable range  of  altitude.  James  River  crosses  it  near  the  center  in  an 
almost  direct  south-southeast  direction.  Its  northeast  corner  lies  on 
the  western  rim  of  the  Coteau  des  Prairies,  at  an  altitude  of  over  1,800 
feet  above  sea  level,  and  its  southwest  comer  rises  on  the  opposite 
side  of  the  valley  to  an  altitude  of  nearly  1,700  feet,  while  the  general 
level  of  the  wide  valley  between  averages  about  1,300  feet. 

The  highest  point  is  about  the  middle  of  the  east  line  of  sec.  12,  T. 
Ill  N.,  R.  57  W.,  where  an  elevation  of  about  1,850  feet  above  sea 
level  is  reached.    Near  the  southwest  comer  the  highest  point  is  at  an 
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altitude  of  1,690  feet,  on  the  middle  of  the  south,  line  of  sec.  9,  T.  107 
N.,  R.  63  W.  The  lowest  points  are  along  James  River,  the  surface 
of  which  h*is  an  altitude  of  about  1,200  feet  in  the  southern  and  1,230 
feet  in  the  northern  portion  of  the  region. 

GEOGRAPHY. 

The  whole  surface  was  originally  prairie  with  the  exception  of  a  few 
small  groves  along  James  River.  One  of  these  which  attracted  much 
attention  in  the  early  settlement  of  the  country  lies  in  a  bend  of  James 
River  near  Forestburg.  The  whole  surface  is  underlain  by  a  clayey 
subsoil  with  the  exception  of  some  sandy  areas  in  the  vicinities  of 
Letcher,  Forestburg,  and  Huron.  North  and  northwest  of  Forestburg 
the  sand  is  so  extensive  that  sand  hills  15  to  30  feet  in  height  have 
been  formed.  One  of  these  opposite  the  mouth  of  Redstone  Creek  is 
known  as  Belchers  Mound. 

The  area  is  drained  mainly  by  James  River  and  its  tributaries. 
None  of  the  tributaries  contain  flowing  water  throughout  the  year 
except  Sand  Creek  for  7  or  8  miles  above  its  mouth  and  Pearl  Creek 
for  half  that  distance.  James  River  flows  in  a  trough  about  half  a 
mile  wide  and  from  50  to  80  feet  deep.  It  is  a  sluggish  stream,  hav- 
ing a  width  of  80  to  100  feet  in  ordinary  stages  and  a  depth  of  3  to  10 
feet.  Its  bottom  land  is  fertile,  but  much  of  it  is  subject  to  occasional 
overflow. 

The  arrangement  of  the  streams  has  been  mainly  determined  by  the 
movements  of  the  ice  sheet  during  the  Glacial  epoch,  as  will  be 
explained  in  a  subsequent  section. 

GEOL.OGT. 

The  geology  of  this  area  is  simple.  Nearly  the  whole  surface  is 
covered  with  the  glacial  claj-s  and  stream  deposits  of  the  Quaternar}*. 
The  rocks  lie  nearly  horizontal  and  there  are  no  traces  of  recent  igne- 
ous action,  exposures  of  older  rocks  occurring  only  in  the  southern 
quarter. 

The  following  rocks  occur  in  this  area:  The  Algonkian,  the  Dakota, 
Benton,  Niobrara,  and  Pierre  formations,  and  the  glacial  deposits  of 
the  Quaternary.     (See  PI.  III.) 

ALGONKIAN. 

The  crystalline  rocks  are  represented  by  two  formations,  which  were 
possibly  formed  at  widely  separated  times.  The  first  is  the  granite, 
which  is  nowhere  exposed  but  has  been  struck  in  drilling  wells  at  sev- 
eral points,  and  the  other  is  the  Sioux  quartzite,  w^hich  outcrops  east 
of  Mitchell  and  is  often  found  in  drilling.  There  are  two  theories 
concerning  the  relation  of  the  granite  to  the  quartzite.  Aceojxling  to 
the  first  it  is  a  much  older  formation,  corresponding  in  age  to  the 
granite  extensively  exposed  along  Minnesota  River  below^  Bigstone 
Lake,  which  is  believed  to  antedate  the  schists  and  quartzites  of  Min- 
nesota and  the  Black  Hills.     According  to  the  other  view  this  granite 


U.  S.  GEOUmCAL  SURVEY 


WATEA-SU^PLV  PAPER  MX  tO     PL.  ■ 


K   O 


UcPHEKkON  S 


0 

4- 


SoAle 
S6 


50  miles 


INDEX  MAP  OF  EASTERN  SOUTH   DAKOTA,  SHOWING  AREA  UNDER 

CONSIDERATION. 


TODD  AXD  HALL.] 


ALGONKIAN   ROCKS. 


11 


is  an  eraptive  rock,  which  has  been  intruded  into  the  quartzite  in  the 
fonn  of  dikes  or  sheets.  If  this  is  the  case,  it  corresponds  to  an 
i«rneou3  rock  forming  a  dike  in  the  quartzite  north  of  Ck>rson,  S.  Dak. 
In  favor  of  the  latter  view  may  be  urged  the  evident  unevenness  of  its 
surface.  For  example,  it  has  been  struck  at  the  depth  of  5(M>  feet,  or 
s  ufeet  above  the  sea,  in  sec.  25,  T.  103  X.,  R.  iM  W.,  while  at  Mitch- 
Ah  less  than  5  miles  away,  at  a  depth  of  710  feet,  or  51H>  ftM»t  above 
the  sea,  the  quartzite,  which  according  to  the  first  view  must  lie  above 
it.  bad  not  been  penetrated;  or,  in  other  words,  the  granite  ha<l  not 
been  reached. 

Besides  the  instance  already  mentioned,  the  granite  has  l>een  struck 
in  two  or  three  wells  about  5  miles  north  of  Farmer,  and  a  little  beyond 
the  north  line  of  this  area  near  Hitchcock.  In  the  latter  ease  it  seemed 
to  l)e  overlain  by  several  feet  of  quartzite. 

The  granite  from  the  Budiong  and  Motley  wells  north  of  Hitchcock 
and  from  wells  north  of  Farmer,  in  Hanson  County,  is  a  fine-grained, 
light'gray  rock  abounding  in  transparent  feldspar,  while  that  from 
the  wells  southwest  of  Mitchell  is  darker  and  coarser. 

From  wells  at  Huron  and  near  Esmond  it  appears  that  below  the 
water-bearing  rock  there  are  several  feet  of  secondary  deposits  from 
granite,  such  as  arkose,  impure  kaolin  strata,  and  the  like,  then 
weathered  granite  before  the  sound  rock  is  reached. 

The  deepest  well  at  Huron,  city  well  No.  4,  opposite  the  college, 
according  to  the  report  of  Mr.  F.  H.  Holton,  who  drilled  it  and  sub- 
mitted specimens  of  the  lower  strata,  shows  the  following  record  * 

Record  of  deep  trell  at  Huron,  S.  Dak. 


Thick- 


Feet. 


FiiBt  strong  flow,  probably  top  of  Dakota . .  _ 

Unreported,  but  doabtless  mostly  shale 

Hard  rock _ _ 

Sandstone  and  i/eater  flow _. 

Unreported,  bat  mostly  shale 

Sandstone  and  -water  flow 

Black  shide 

Pebbly  sand  and  water  flow 

Coarse  sand  with  rounded  grains  about  the  size  of  No.  6 
shot,  largely  reddish-brown  concretionary  grains  with 
some  white  qnartz-Uke  material  strack  at  corresponding 
levels  in  the  Wilcox  well  and  city^ell  No.  3.  The  brown 
p^ins  are  apparently  siderite,  or  carbonate  of  iron 

Oray  sandy  rock  with  green  and  brown  specks  and  whitish 
opaque  grains  like  weathered  feldspar  (arkose),  and 
lumps  of  coarse  red  granite _ 

Soft,  fine-grained,  kaolin-like  clay _ 

Hard  nxrk,  x^robably  granite 


124 

6 

3 

60 

3 

125 
9 


Depth. 
Feet. 

740 
864 
870 
873 
933 
936 
1,061 
1,070 


30 

36 
2 

1 


I 


1,100 

1,136 
1,138 
1,139 
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The  Sioux  quartzite,  which  is  exposed  in  the  southeastei 
of  the  area  under  consideration,  is  commonly  a  dense  and  fii 
fied  rock.     It  is  usually  fine  grained  and  thick  bedded,  but 
cases  a  few  feet  of  it  contains  numerous  pebbles,  while 
quently  the  rock  is  so  thin  bedded  as  to  be  worthless  for 
purposes.     Moreover,  at  some  points  it  is  so  imperfectly  com 
that  it  may  be  dug  with  a  pick.     A  case  of  this  sort  occurs 
of  Bridgewater,  in  the  valley  of  Wolf  Creek.     This  soft 
ever,  is  very  limited  in  extent,  the  normal  hard  quartzite 
within  a  few  feet  of  it.     Associated  with  the  quartzite  and  ini 
fied  with  it  are  occasional  thin  beds  of  a  red,  hardened  claj 
"pipestone."     When  this  has  been  exposed  to  the  weather  it 
chalk-white.     Examples  of  the  latter  condition  are  found  at 
Creek  locality. 

The  peculiar  interest  of  the  quartzite  in  connection  with  th< 
under  consideration  is  the  fact  that  it  is  the  bed  rock  ov{ 
area.  The  water-bearing  strata  rest  upon  it  and  its  present 
the  lowest  horizon  at  which  a  flow  may  be  obtained.  Hen< 
importance  to  l>e  able  to  recognize  it  and  to  have  a  general; 
edge  of  its  depth  below  the  surface. 

In  drilling,  the  quartzite  may  be  distinguished  from  pyril 
is  of  about  the  same  hardness,  by  its  thickness,  the  latter  beii 
more  than  a  few  inches  thick.  Greater  thickness  also  serv^ 
tinguish  it  from  some  of  the  hard  layers  of  the  Dakota  foi 
which  are  rarely  over  4  or  5  feet  thick.  Moreover,  the  Dakof 
are  usually  cemented  by  carbonate  of  lime,  which  effervei 
acids,  or  by  iron  oxide  or  carbonate  of  iron,  which  is  of  a  dark 
color,  while  the  quartzite  is  uniformly  of  a  light  pinkish  shade. 
ever,  in  some  cases  a  compound  microscope  is  necessary  to  del 
difference.  When  so  examined  quartzite  is  recognized  by  cli 
sand  grains  cemented  together  so  firmly  by  glassy  silica  that 
the  original  grains  divide  along  the  fractures  as  easily  as  they 
where  cemented.  Similar  examination  suffices  to  show  the  pi 
of  granite,  which,  as  has  already  been  stated,  has  been  struck 
eral  points  in  this  area. 

BED-ROCK   CONTOUR. 


In  general  the  quartzite  underlies  the  whole  area  under  com 
tion  and  has  the  configuration  shown  by  the  contour  lines  in 
The  most  conspicuous  feature  of  the  bed-rock  surface  is  a  high 
having  a  breadth  of  about  12  miles,  which  enters  the  east  side 
area,  affording  surface  exposuresMn  the  vicinity  of  Spent 
Bridgewater.  Its  outcrop  area  narrows  rapidly  toward  the 
that  the  westernmost  appeacance  of  the  i*oek  on  the  surface 
Enemy  Creek,  in  the  western  part  of  T.  102  N.,  R.  59  W. 
triangle  between  the  limits  indicated  it  lies  next  undemeai 
drift  and  shows  frequently  in  the  bottom  of  the  valleys  of  the 
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Streams.  It  has  an  altitude  of  1,380  feet  at  Spencer  and  about  the 
same  near  Bridgewater.  On  Enemy  Creek  it  rises  to  only  about  1,200 
feet.  Its  most  extensive  exposure  is  in  the  bottom  of  James  River 
Valley  at  Rockport.  It  has  been  traced  farther  west  at  lower  levels 
iu  a  zone  of  considerable  width,  and  about  a  mile  southwest  of 
Mitchell  has  been  struck  at  a  depth  of  nearly  258  feet,  or  about  1,087 
feet  above  sea  level.  At'Pi'ankinton  it  Vas  found  at  a  depth  of  800 
feet,  or  700  feet  above  sea  level. 

This  ridge  is  not  a  smooth  anticline,  but  is  composed  of  strata  dip- 
p'lDp:  in  different  directions  at  from  2""  to  5"".  It  seems  to  be  much 
eroded  in  places,  where  portions  of  the  original  surface  are  left  as 
peaks  between  the  valleys.  Differences  of  elevation  of  300  feet  or  more 
have  been  found  within  the  distance  of  a  mile.  The  northern  slopes 
of  this  ridge  seem  to  be  generally  rougher  than  the  southern,  and  the 
valleys  are  correspondingly  deeper  and  narrower.  Toward  the  north 
the  general  surface  of  bed  rock  drops  600  feet  in  8  or  10  miles  from 
the  last-obsen'ed  outcrops.  Then  by  a  gentler  slope  it  reaches  a 
depth  of  1,000  feet,  or  300  feet  above  sea  level,  and  continues  north- 
ward till  it  rises  slightly  near  the  northwestern  part  of  this  area. 
^uthward  the  slope  is  more  gentle  and  a  depth  of  600  feet  is  not 
reached  within  20  miles  of  the  last  outcrop,  which  carries  the  o])ser- 
vation  much  beyond  the  limit  of  this  area.  These  general  facts  are 
derived  from  well  records,  as  the  wells  strike  the  quartzite  verj*^  fre- 
quently in  the  vicinity  of  the  ridge,  but  rarely  far  from  it.  The 
various  sections  and  maps  published  in  this  paper  exhibit  such  details 
as  are  available  concerning  the  relations  and  distribution  of  the 
quartzite. 

PALEOZOIC  GAP. 

In  this  region  there  are  no  traces,  even  in  the  numerous  borings 
which  have  reached  the  Algonkian,  of  any  Paleozoic  formations  or 
of  any  Triassic  or  Jurassic  strata.  The  nearest  occurrences  of  Paleo- 
zoic rocks  that  have  been  discovered  are  in  the  borings  at  Ponca, 
^eb^.,  and  Sioux  City,  Iowa.  During  Paleozoic  times,  when  great 
masses  of  sediments  were  being  deposited  in  many  other  regions,  this 
area  was  probably  an  elevated  land  surface.  It  is  possible  that  soils 
iiid  vegetation  may  have  extended  over  it,  and  possibly  some  thin 
ieposits  which  were  removed  by  the  advance  of  the  sea  during  Cretace- 
ous and  earlier  times.  At  any  rate  no  traces  of  such  deposits  have 
^en  found  in  this  vicinity  on  the  surface  of  the  quartzite.  Since 
»*veral  hundred  feet  of  strata  of  marine  origin  representing  all  the 
igas  of  Paleozoic  times  are  found  in  the  Black  Hills,  the  shore  of  the 
^aleozoic  sea  probably  extended  across  South  Dakota  from  north  to 
outh,  west  of  the  present  course  of  Missouri  River.  Moreover,  the 
eep  erosion  of  the  intensely  hard  Sioux  quartzite  indicates  that  it 
ras  subject  to  erosion  for  a  i^eat  length  of  time. 


14  LOWER   JAMES   KIVER   VALLEY,  SOUTH   DAKOTA.  [N0.9a 

CRETACEOUS. 

Resting  upon  the  Sioux  quartzite  are  sands,  sandstones,  chalk,  and 
clays  belonging  to  the  Cretaceous  series,  comprising  the  Dakota  sand- 
stone, Benton  formation,  Niobrara  chalk,  and  Pierre  shale.  As  these 
are  intimately  connected  with  the  sinking  of  artesian  wells,  it  is 
desirable  to  describe  them  at  some  length,  although  some  of  them  are 
exposed  only  in  very  limited  areas  over  a  surface  of  perhaps  150 
square  miles,  mainly  west  of  James  River  and  between  Firesteel  Creek 
and  the  southern  limit  of  this  area.  These  exposures  are  usually 
near  the  water  level  of  the  larger  streams,  but  in  some  eases  they  rise 
20  or  25  feet  higher. 

DAKOTA  FORMATION. 

This  is  the  principal  formation  which  supplies  water  to  the  impor- 
tant artesian  wells  of  North  and  South  Dakota.  It  nowhere  comes 
nearer  the  surface  than  about  200  feet.  Judging  from  well  recoi"ds,  it 
consists  of  alternate  beds  of  sand  and  sandstone,  50  to  100  feet  in  thick- 
ness, with  masses  of  clay  or  shale  interstratified  between.  It  i)ossib]y 
includes  in  this  part  of  the  State,  at  least  in  its  thickest  developments, 
the  formations  which  in  the  Black  Hills  were  originally  included  in  it, 
but  which  have  more  recently  been  separated  under  the  names  Fuson 
and  Lakota,  and  are  believed  to  represent  the  lower  Cretaceous. 

The  Dakota  formation,  as  exhibited  in  the  rim  of  the  Black  Hills, 
is  usually  a  brown  sandstone,  hard  and  massive  below  but  thinner 
bedded  above.  There  it  is  rarelj^  over  100  feet  in  thickness,  aecoi'd- 
ing  to  Darton.  It  is  of  medium  grain ,  though  finer  and  coarser  grained 
layers  are  found.  From  material  thrown  out  of  many  wells  iir  the 
eastern  part  of  the  State  it  may  usually  be  described  as  a  fine-grained 
gray  sandstone. 

It  extends  partly  over  the  lower  portion  of  the  ridge  of  red  quartzite 
above  described  to  an  old  shore  line  which  has  been  uplifted  to  alx>ut 
1,100  feet  above  the  sea  a  few  miles  southwest  of  Mitchell,  but  owing  to 
flexure  declines  toward  the  east  and  north  several  hundred  feet  before 
it  passes  beyond  the  eastern  margin  of  the  area  under  consideration. 
The  top  of  the  Dakota  sandstone  drops  in  all  directions  from  this  old 
shore  line  with  a  slope  which  is  steep  near  the  quartzite  ridge  and 
gradually  diminishes  until  the  formation  is  nearly  horizontal.  North 
of  the  quartzite  ridge  it  reaches  an  altitude  of  about  675  feet  at  Woon- 
socket  and  less  than  600  at  Huron.  West  of  Huron  it  seems  to  rise 
again  toward  the  northwest  in  the  vicinity  of  Wolsey.  Southward 
from  the  ridge  the  decline  is  more  gentle  and  the  Dakota  probably  do(*s 
not  fall  below  about  800  feet  above  the  sea,  even  in  the  remote  south- 
west corner  of  the  region. 

The  shales  of  the  Dakota  resemble  those  of  the  formations  higher 
up,  and,  like  them,  occasionally  contain  calcareous  conci*etions  which 
may  be  mistaken  in  drill  holes  for  limestone  strata.  Sometimes,  also, 
there  are  concretions  of  pyrites  large  enough  to  cause  considerable 
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hindrance  in  drilling.  The  different  layers  of  sandAtone  are  often 
hardernear  the  top,  and  this  has  given  rise  to  the  expression  '*cap 
rock."  Frequently  the  drill  has  to  penetrate  several  feet  of  hard  rock 
before  the  water-bearing  strata  are  reached. 

The  varioas  sections  exhibit  the  character  and  thickness  of  the 
Dakota  sandstone  and  associated  formations.  In  the  discussion  of 
the  sources  of  artesian  water  further  light  will  be  given  on  the  num- 
ber, thickness,  and  subdivisions  of  the  sand  strata  in  these  formations. 
The  information  is  mainly  derived  from  the  reports  of  well  drillers, 
who  unfortunately  do  not  all  agree  in  their  interpretation  of  facts. 
Most  drillers  use  jet  drills,  which  mingle  the  drillings  in  such  a  way 
that  it  is  often  difficult  to  determine  the  character  of  the  formation 
worked  upon,  and  frequently  also  the  driller  is  not  disposed  to  examine 
with  much  care  the  character  of  the  deposits  or  to  measure  carefully 
the  exact  position  or  thickness  of  any  of  the  strata,  points  which  would 
he  of  special  interest  to  geologists.  The  driller  is  interested  chiefly  in 
the  water-bearing  strata,  and  of  these  only  in  such  as  produce  a  flow 
sufficient  for  his  puri>ose.  When  asked  for  the  history  of  a  particular 
well,  he  is  apt  to  remember  only  the  depths  of  the  flows  struck  and  of 
the  levels  where  he  found  the  moat  serious  obstacles.  Hence  it  may 
reasonably  be  supposed  that  the  deeper  sandstone  strata  are  often 
thicker  than  is  reported  in  the  logs  and  that  the  upi)er  water-bearing 
sands  especially  are  probably  more  numerous  than  usually  reported. 

Thickness, — Before  the  thickness  of  the  Dakota  can  be  determined 
it  must  be  decided  what  shall  be  assumed  as  the  division  between  this 
formation  and  the  overlying  Colorado.  If  the  second  important  sand- 
stone below  the  chalk  is  taken  as  the  top  of  the  Dakota,  the  formation 
has  been  penetrated  to  a  depth  of  300  or  more  feet  in  the  deepest  bor- 
injrs.  It  is  possible  that  50  or  even  100  feet  may  be  added  to  this 
before  the  crystalline  rock  is  reached  in  the  region  between  Huron  and 
Woonsocket,  where  the  formation  seems  to  reach  its  greatest  depth. 
North  of  Mitchell  a  thin  and  comparatively  unimportant  sandstone 
bed  inter\'enes  between  the  upper  sandstone  stratum  of  the  Benton 
and  the  top  of  the  Dakota. 

Two  wells  at  Huron,  Beadle  County,  have  been  bored  through  the 
Dakota  sandstone  into  the  underlying  quartzite  and  granite,  and  the 
following  is  a  combined  record : 

Section  of  Dakota  formation  in  city  wells  No8.  3  and  4,  Huron  ^  S,  Dak. 

Feet. 

Sandbtone,  strong  flow  (at  depth  of  740  feet) 5 

Sandy  ahale ., 50 

Hard  sandstone ._ 12 

Sand  rock  (much  water) 65 

Gray  limestone  ?. - 
Shale I 

Sandstone,  thin  ...  (  - ^ 

Siale 
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Section  of  Dakota  formation  in  city  wells  Nos,  S  and  4,  Huron,  S.  Dak. — Cont'd. 

Feet, 

Sandstone _ 3 

Black  shale 1*25 

Pebbly  sand  and  water 9 

Coarse  sandstone  on  quartz  rock  or  granite 30 

At  De  Sraet,  on  the  highlands  30  miles  east  of  Huron,  a  deep  bor- 
ing passed  through  a  thick  series  of  sandstone  with  shale  intercala- 
tions, probably  comprising  the  greater  part,  of  the  Dakota  formation 
and  possibly  including  in  its  upper  beds  the  lower  portion  of  the 
Benton  formation. 

Section  in  lower  part  of  boring  at  De  Sinet^  S.  Dak, 
Benton?:  Feet. 

Hard  sandstone  (at  depth  of  840  feet)  . .  _ 2.> 

Sandstone 120 

Shale...:.--. .- 2<»0 

Dakota: 

Sandstone  _ 271 

Hard  sandstone 14 

Sandstone 140 

In  a  well  2  miles  southwest  of  Letcher  it  is  i-eported  that  Dakota 
beds  have  been  penetrated  from  500  to  683  feet  without  reaching 
their  base.  The  material  is  mainly  clay,  including  several  sandstone 
layers  with  flowing  water. 

In  the  Ashmore  well,  southwest  of  Artesian,  the  Dakota  sandstone 
appears  to  have  been  entered  at  a  depth  of  626  feet,  and  its  upper 
members  include  6  feet  of  sandstone  and  67  feet  of  shale,  lying  on 
sandstone  which  was  penetrated  2  feet. 

In  Sanborn  County  many  wells  have  reached  the  Dakota  sandstone, 
and  the  well  at  the  mill  at  Woonsocket  penetrated  a  solid  mass  of  it 
from  697  to  775  feet,  but  had  no  need  to  go  to  the  base.  In  Davison 
County  the  thickness  is  variable,  and  the  formation  grows  thinner  and 
disappears  entirely  in  an  irregular  area  on  the  higher  slopes  of  the 
underground  ridge  of  quartzite  south  and  southwest  of  Mitchell.  At 
Mitchell  it  appears  to  extend  from  440  feet  to  the  quartzite  at  540 
feet,  comprising  39  feet  of  sandstone  above  and  11  feet  of  sandstone  at 
base,  separated  by  50  feet  of  shale.  In  the  Smith  &  Davison  well,  4 
miles  southwest  of  Mitchell,  in  a  valley  in  the  buried  quartzite  ridge, 
the  formation  is  represented  by  40  feet  of  sandstone  and  10  feet  of 
shale,  lying  on  quartzite  of  which  the  top  is  at  a  depth  of  475  feet. 
At  Ethan  thei'e  are  only  8  feet  of  sandstone  on  the  quartzite,  and  this 
may  belong  to  the  Benton.  In  the  Lowrie  well,  northwest  of  Ethan, 
the  Dakota  appears  to  be  92  feet  thick.  It  lies  on  quartzite  at  a  depth 
of  477  feet,  and  consists  of  a  top  member  of  sandstone  about  30  feet 
thick  and  a  lower  series  of  shales.  The  formation  thickens  rapidly 
to  the  west  and  south,  and  in  the  J.  K.  Johnson  well,  3  miles  due  north 
of  Mount  Vernon,  where  the  underlying  bed  rock  was  not  reached,  the 
section  is  as  follows : 
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Section  of  Dakota  fornmtion  north  of  Mount  Vernon^  S,  Dak, 

Feet. 

Sandstone  (at  depth  of  aV)  feet) 70 

Shale 50 

Sandstone 36 

Shale 90 

Sandstone  .__ 44 

In  eastern  Aurora  County  several  wells  |)enetrate  the  formation  a 
hundre<l  feet  or  more  and  find  alternate  beds  of  sandstone  and  shale. 
The  well  at  Plankinton  is  reported  to  have  reached  granite  at  750 
feet,  and  the  overlying  Dakota  appears  to  comprise  218  feet  of  IhhIs 
(from  a  depth  of  5:38  feet),  reported  to  (*onsist  largely  of  shale,  with 
several  thin  sandstone  bodies. 

From  the  St-orla  well,  in  the  southwest  corner  of  the  county,  are 
re{K)rted  beds,  apparently  Dakota,  from  a  depth  of  457  to  7t>0  f(»et,  as 
follows: 

Pfirtial  section  of  Dakota  formation  in  Storla  tpell^  Aurora  County,  S,  Dak. 

Feet. 

Sandstone _ _ 13 

Shale 60 

J3andstone _ 5 

Shale 30 

Sandstone _ _ 10 

Shale ._ 45 

Sandstone _ 10 

Shale 110 

Sandstone _ 20 

In  the  Dougan  well,  4  miles  northeast  of  the  Storla  well,  there  were 
-•i  feet  of  sandstone  on  60  feet  of  shale  lying  on  sandstone. 

In  the  Bartow  well,  3  uiiles  noi:theast  of  Plankinton,  the  following 
be< Is  are  reported: 

Partial  section  of  Dakota  formation  in  Burtoxt  ireU,  near  Plankinton,  S.  Dak. 

Feet. 

Sandstone  (at  depth  of  455-516  feet) 61 

Shale 104 

Sandstone  _ Few 

Shale,  etc 138 

Sandstone 2 

In  the  Raesley  well,  .4  miles  southeast  of  Plankinton,  the  section  is 
as  follows: 

Partial  section  of  Dakota  formation  in  Raesley  well,  near  Plankintoi.S.  Dak. 

Fet>t. 

Sandstone  (at  depth  of  477  feet) 12 

Shale 116 

Sandstone _ 5 

(r) 24 

Shale.. ..  45 

Sandstone 39 

IRR  90—04 2 
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The  formation  is  absent  in  the  central  and  southern  portion  of 
Hanson  County,  but  in  its  northern  and  northeastern  part  it  has  been 
penetrated  by  several  deep  wells  and  found  to  consist  of  20  to  53  feet 
of  sandstone  lying  on  granite  or  quartzite.  Apparently  it  thickens 
rapidly  northward  under  the  western  part  of  Miner  County  and  in  the 
southeastern  part  of  Sanborn  County. 

Fossils. — The  Dakota  formation  is  considered  to  be  a  fresh-waler 
deposit  from  the  fact  that  fossils  occur  rarely  and  that  a  few  dis- 
tinctly fresh-water  species  have  been  found  in  it. 

A  species  of  Goniobcisis  ^as  obtained  in  quantity  from  wells  around 
Esmond  at  a  depth  of  785  feet,  or  about  30  feet  above  the  main  flow. 
Mr.  T.  W.  Stanton,  to  whom  the  specimens  were  submitted,  declares 
them  identical  with  a  species  found  in  the  Dakota  of  Jefferson  County, 
Nebr.« 

BENTON  FORMATION. 

The  Benton  formation  consists  mainly  of  dark  shales,  with  thin  beds 
of  sandstone  and  limestone.  In  an  area  of  considerable  extent  in 
Sanborn  and  adjoining  counties  the  Niobrara  chalkstone  lies  on  a 
bed  of  sandstone  10  to  85  feet  thick,  sometimes  with  a  thin  interven- 
ing mass  of  shales.  This  was  formerly  supposed  to  be  a  portion  of  the 
Dakota  sandstone,  for  it  often  contains  considerable  water,  sometimes 
under  pressure,  but  it  has  been  found  to  be  underlain  by  a  thick  mass 
of  typical  Benton  clay  containing  marine  fossils.  This  upper  sand- 
stone outcrops  at  several  localities  along  Firesteel,  Enemy,  and 
Twelvemile  creeks,  and  along  James  River  at  intervals  from  north  ot 
Mitchell  to  beyond  Elmspring.  The  most  northern  point  where  it 
appears  on  the  surface  is  in  the  bottom  of  the  valley  of  James 
River,  in  sec.  22,  T.  104  N.,  R.  60  W.  A  mile  or  two  farther  south 
it  is  exposed  at  several  points  along  Firesteel  Creek,  particularly  near 
the  crossing  of  the  railroad  north  of  Mitchell,  and  at  points  as  far  west 
as  sec.  36,  T.  104  N.,  R.  62  W.  The  outcrops  near  the  railroad  rise 
about  20  feet  above  the  stream,  or  to  an  altitude  of  1,280  feet  above 
sea  level.  It  is  exposed  also  along  Enemy  Creek  south  of  Mitchell, 
and  between  that  point  and  James  River,  and  forms  low  cliffs  along 
the  river  below  Rockport,  rising  30  to  50  feet  above  the  stream.  It  is 
a  rusty-brown  sandstone,  usually  hard  and  of  dark  color  on  the  sur- 
face, but  softer  below,  varying  much  in  character,  sometimes  being 
coarse  and  containing  small  pebbles  and  at  other  times  extrelhely  fine 
grained.  It  frequently  shows  oblique  lamination  in  strata  3  or  4  feet 
in  thickness. 

No  fossils  have  been  found  in  these  outcrops  except  sharks'  teeth, 
which  in  some  places  are  very  numerous.  Traces  of  wood  and  leaves 
have  also  been  found  at  a  few  points.  Its  upper  surface  is  uneven, 
but  this  is  not  merely  due  to  erosion.     It  seems  rather  to  have  been 

aProc.  U.  8.  Nat.  Mua.,  vol.  17,  1894,  p.  185,  pi.  viii,  fig.  10. 
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caused  by  unequal  deposition,  which  may  correspond  to  sand  reefs, 
or  possibly  dune  action,  although  there  are  no  distinct  traces  of  the 
latter. 

The  shale  which  overlies  the  upper  sandstone  of  the  Benton  in  part 
of  the  area  attains  a  thickness  of  50  feet  in  its  greatest  development. 
It  appears  not  only  in  wells,  but  in  a  few  exposures  in  sees.  25  and  26, 
T.  103  N.,  R.  60  W.,  near  the  railroad,  on  opposite  sides  of  the  ravine 
leading  into  James  River. 

P^ossils  characteristic  of  the  Benton  have  been  i-eported  in  wells 
on  the  east  side  of  James  River,  near  the  south  line  of  Hanson 
County,  more  than  100  feet  below  the  surface,  and  in  several  wells 
in  the  northeastern  part  of  Hanson  County.  In  sec.  36,  T.  104  N., 
R.  62  W.,  there  are  several  feet  of  dark  clay  intervening  between  the 
chalkstone  and  the  sandstone  in  an  exposure  on  the  south  side  of 
Firesteel  Creek.  Wells  in  that  vicinitv,  also  those  near  and  south  of 
Plankinton,  disclose  a  dark  clay  next  below  the  chalk,  which  is 
probably  the  same  member. 

Below  the  sandstone  lie  about  200  feet  of  gray  and  black  shales 
indistinguishable  from  similar  deposits  in  other  formations  of  the 
Cretaceous.  There  occurs  in  this  shale,  in  the  vicinity  of  the  quartzite 
ridge  near  Mitchell,  another  stratum  of  sandstone  which  seems  to  be 
thicker,  more  porous,  and  therefore  more  water  bearing.  North  and 
west  of  Letcher  it  apparently  becomes  very  thin  and  is  often  over- 
looked by  drillers.  Nevertheless,  when  caref ull}'^  looked  for  it  may 
usually  be  found,  and  will  furnish  a  meager  supply  of  water. 

Thickness. — The  upper  surface  of  the  Benton,  as  has  already  been 
stated,  rises  nearly  1,300  feet  above  sea  level  in  the  vicinity  of 
Mitchell,  and  north  and  south  of  Plankinton  it  rises  higher  than  1,300 
feet,  judging  from  the  reports  of  wells.  It  rarely  falls  below  1,000 
feet  in  the  region  around  Huron.  Its  thickness,  therefore,  may  be 
estimated  to  be  350  to  400  feet,  or  nearly  double  the  estimate  given 
b^'^  Doctor  Hayden  from  his  observations  along  Missouri  River. 

Fossils, — ^Besides  the  sharks' teeth  and  traces  of  vegetation  already 
mentioned,  special  note  should  be  made  of  a  stratum  of  fossiliferous 
limestone  discovered  in  several  wells  in  the  vicinity  of  Woonsocket. 
Though  reported  from  several  wells,  our  most  definite  knowledge 
comes  from  a  well  2  miles  north  of  Woonsocket.  From  a  break  in  the 
pipe,  which  was  afterwards  proved  to  l)e  580  feet  below  the  surface, 
fragments  of  a  fossiliferous  limestone  were  frequently  thrown  out. 
These  were  submitted  to  Mr.  T.  W.  Stanton,  of  the  Survey,  and  he 
reports  that  at  least  three  different  kinds  of  fossils  were  represented, 
of  which  one  was  a  small  Nucvla  with  striated  surface  that  may  be 
the  young  of  N,  canceUafa,  M.  and  H.  Another  is  possibly  a  young 
Mactra^  and  the  third,  the  most  common  form,  was  probably  a  Lucina. 
The  specimens  were  too  imperfect  to  permit  more  definite  determina- 
tion.    They  were  found  250  feet  below  the  chalkstone  and  about  100 
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feet  above  the  main  flow.  These  are  distinctly  marine  in  character, 
and  hence  form  a  strong  reason  for  considering  this  stratum  as  part 
of  the  Benton.  .  In  the  well  at  Farwell  sharks'  teeth  were  found  in 
large  number  in  the  shales  400  feet  below  the  surface.  In  the  Ash- 
more  well,  southwest  of  Artesian,  fossils  were  obtained  a  short  dis- 
tance above  the  top  of  the  water-bearing  Dakota  sandstone,  compris- 
ing a  Mactra  and  a  Fasciolarki. 

From  the  black  clay  above  the  sandstone  north  of  Mount  Vernon 
a  saurian  vertebra  about  4  inches  in  length  was  obtained. 

NIOBRARA   FORMATION. 

The  most  characteristic  feature  of  this  formation  is  the  chalkstone, 
which  merges  into  calcareous  clay  and  shale.  It  is  of  drab  cclor,  but 
on  weathering  becomes  white,  cream -colored,  or  often  a  light-straw 
color.  As  the  formations  both  below  and  above  are  clay,  it  follows 
that  the  limitations  of  this  formation  can  not  be  very  sharply  defined 
where  the  more  impure  deposits  are  dealt  with.  The  recognition  of 
this  formation  is  especially  difficult  in  wells,  for  where  the  chalk  has  not 
been  exposed  to  atmospheric  action  it  presents  a  leaden  color,  closely 
resembling  the  gray  clays  of  the  Pierre  and  Benton.  Many  well  drill- 
ei's  do  not  recognize  it  north  of  the  vicinity  of  Woonsocket. 

The  most  definite  distinction  between  the  chalkstone  and  the  clay  is 
that  when  pulverized  the  chalkstone  does  not  become  plastic  and  sticky 
like  the  clay,  but  behav-es  more  like  a  fine  sandstone,  from  w^hich, 
however,  it  is  usually  readily  distinguished  by  its  softness  and  lack 
of  grit.  From  the  evidence  obtained  it  remains  doubtful  whether  real 
chalkstone  extends  into  the  northern  part  of  the  area  around  Huron 
or  into  the  western  part  about  Plankinton,  farther  south.  Perhaps 
the  strongest  evidence  of  its  presence  there  is  the  fact  that  valuable 
pump  wells  are  obtained  at  points  where  we  should  expect  to  find  it. 
These  wells  are  commonly  said  to  derive  their  water  from  "soap- 
stone,"  but  it  is  difficult  to  see  how  that  can  be,  for  clay  shales  are 
commonly  very  impervious.  It  is  well  known  that  similar  waters 
are  obtained  from  chalkstone  in  the  shallower  soft-water  wells  west 
and  southwest  of  Mitchell.  Moreover,  the  wells  said  to  be  from  the 
soapstone  in  the  Huron  quadrangle  are  soft-water  wells  like  those 
from  the  chalk  farther  south.  In  the  southern  half  of  the  area  the 
chalk  is  often  conspicuously  developed  and  outcrops  in  many  expo- 
sures. They  appear  at  intervals  of  a  mile  or  so  along  Firesteel  Creek 
from  its  mouth  to  a  point  north  of  Mount  Vernon.  In  some  cases  the 
chalkstone  and  sandstone  of  the  uppermost  Benton  appear  in  the 
same  vertical  section.  For  5  or  (5  miles  west  of  the  railroad  bridge 
over  Firesteel  Creek,  sections  of  chalkstone  and  sandstone  alternate  at 
about  the  same  level,  indicating  unconformity.  Whether  this  is  due 
to  erosion  or  flexing  or  to  some  irregularit}'  in  deposition  has  not 
been  surely  determined,  but  it  is  probably  the  latter.     Exposures  of 


TODD  AND  HALL.;  NIOBRARA     AND    PIERRK.  21 

chalkstoiie  appear  aloug  a  channel  of  Enemy  and  Twelveniile  C'rw^k 
in  T.  102  N.,  R.  Gl  W. ;  also  on  the  lower  portion  of  Twelveniile  Creek 
east  of  Ethan.  It  is  exposed  also  along  James  River  near  R(H'ki)ort, 
at  the  mouth  of  Redstone  Creek,  and  above  the  mouth  of  Firesteel 
Creek.  In  several  places  it  lies  only  a  few  feet  al)Ove  the  Algonkian. 
Many  feet  of  it  are  found  in  wells  3  or  4  miles  north  of  Alexandria, 
but,  in  general,  the  summit  of  the  quartzite  ridge  from  Alexandria 
eastward  seems  not  to  be  overlain  b}'  it. 

Hiirkness. — Over  most  of  the  area  under  consideration  the  Niobrara 
has  been  much  thinned  by  erosion.  In  a  strip  running  through  the 
Alexandria  qimdrangle  from  Farmer  northward  wells  fail  to  show 
the  presence  of  chalkstone.  Instead,  there  is  a  deposit  of  sand,  pre- 
sumably of  Pleistocene  age.  The  outlines  of  this  have  not  been  very 
clearly  determined,  but  it  seems  to  be  several  miles  in  width.  East 
of  this  strip  it  would  appear  from  the  reports  of  some  well  drillers 
that  the  chalkstone  comes  in  as  if  in  the  form  of  a  burie<l  escarpment. 
It  seems  not  unlikely  that  the  pre-Glacial  course  of  James  River  may 
have  been  in  that  direction. 

The  thickest  deposits  of  chalkstone  yet  reported  are  in  the  south- 
western part  of  the  Mitchell  quadrangle,  where  a  thickness  of  more 
than  200  feet  is  given.  This  may  include  some  shale  below.  In  some 
of  the  sections  in  the  northern  part  of  the  Huron  quadrangle  what 
has  been  reported  as  gray  shale  has  been  indicated  in  the  figures  as 
chalkstone.  It  is  not  unlikely  that,  if  carefully  examined,  the  chalk- 
stone  of  a  bluish  gray  color  might  be  found  as  thick  in  that  portion  as 
anywhere.  At  any  rate,  the  beds  including  clay,  which  belong  prop- 
erly to  the  Niobrara,  may  be  considered  to  be  at  least  200  feet  in 
thickness. 

Fossils. — The  chalkstone  frequently  contains  teeth  and  scales, 
mostly  of  bony  fishes,  although  sharks'  teeth  are  also  found.  Occa- 
sionally quite  perfect  specimens  of  bony  fishes  have  been  found. 

The  most  crommon  fossil  is  a  small  oyster  about  an  inch  in  length, 
called  Ostrea  congesta^  which  is  especially  characteristic  of  the  Nio- 
brara formation.  These  fossils  occur  in  thin  layera  of  limestone  and 
are  frequently  clustered  on  fragments  of  large  shells,  eithei-  Pinna  or 
Inoceramus. 

PIERRE   SHALE. 

This  formation  consists  almost  entirely  of  dark,  plastic  claj^  or  soft 
shale,  with  occasional  calcareous  concretions.  It  is  very  uniform  in 
character,  but  varies  slightly  in  color.  It  underlies  the  drift  in  the 
northern  half  of  the  area  to  which  this  report  relates,  but  has  been 
eroded  from  the  uplifted  area  about  Mitchell.  It  dips  northwestward 
and  increases  in  thickness  in  that  direction  and  in  the  northern  por- 
tion of  the  area,  especially  in  the  highlands  between  Huron  and 
De  Smet,  it  is  several  hundred  feet  thick. 


22       LOWER  JAMES  RIVER  VALLEY,  SOUTH  DAKOTA.     [no.90. 

TERTIARY  GAP. 

No  traces  of  the  latest  Cretaceous,  or  liaramie,  nor  of  the  Tertiary 
beds  found  farther  west  have  been  recognized  in  this  area.  It  is  not 
improbable  that  the  thin  edge  of  the  Miocene  may  have  extended  over 
this  region,  but  the  Pliocene  and  early  Pleistocene  erosion  which  exca- 
vated the  James  River  Valley  before  the  advent  of  the  ice  must  have 
removed  them. 

QUATERNARY. 

As  already  stated,  the  earlier  Quaternary  was  an  epoch  of  erosion. 
James  River  Valley  at  that  time  had  attained  approximately  its  pres- 
ent form  and  relative  altitude,  but  the  peculiar  distribution  of  certain 
water-bearing  strata  below  the  till  north  of  the  quartzite  ridge  may 
have  taken  place  in  that  period.  The  fact  that  from  some  wells  in 
that  region  pieces  of  peat  and  numerous  fresh-water  shells  have  been 
thrown  up  strongly  suggests  that  they  came  from  a  pre-Glacial  marsh 
deposit  which  maj'  have  been  connected  with  the  flood  plain  of  James 
River  of  that  time. 

With  the  exception  of  these  beds  most  of  the  formations  we  have 
considered  thus  far  have  been  of  marine  origin.  In  the  remainder 
of  the  Quaternary  dejjosits  there  is  a  marked  contrast,  not  onl}^  in 
the  cause  and  method  of  deposition,  but  also  in  the  way  in  which 
they  overlie  all  earlier  formations  without  respect  to  altitude. 

GENERAL  DESCRIPTION  OF   GLACIAL   ACTION. 

To  understand  the  conditions  under  which  the  Pleistocene  deposits 
were  laid  down,  it  is  necessary  to  know  something  about  ice  sheets, 
such  as  are  now  found  in  Greenland  or  Alaska.  The  beginning  of  a 
glacier  is  due  to  the  accumulation  of  snow.  As  it  accumulates  from 
year  to  year,  partial  melting  and  the  pressure  of  superincumbent 
material  compresses  it  into  ice  and  it  commences  a  slow,  flowing  move- 
ment down  a  valley.  The  ice  moves  like  the  river,  except  that  the 
motion  is  sometimes  independent  of  local  valleys  or  channels,  and 
is  verv  much  slower.  Its  form  is  more  lobate,  with  the  breadth  often 
nearly  as  great  as  the  length,  and  the  movement  is  everj^where  towanl 
the  edge. 

The  limit  of  the  ice  is  determined  by  the  relation  of  the  melting  to 
the  velocity.  If  these  influences  are  just  balanced — in  other  words,  if 
the  ice  at  any  point  melts  as  fast  as  it  moves  forward — the  edge  will 
remain  constant,  and  as  the  ice  transports  much  gravel  and  clay,  a 
ridge  or  moraine  will  be  formed  at  the  edge.  If  the  ice  moves  more 
rapidly  because  of  rapid  accumulation  of  snow  at  the  fountain  head, 
or  if  the  melting  diminishes,  as  in  winter  or  in  a  succession  of  cool 
and  cloudy  seasons,  the  ice  will  advance,  overriding  the  moraine, 
if  such  has  been  formed.  If  the  converse  in  either  of  these  cases  is 
true,  the  edge  of  the  ice  will  recede,  and  if  continued  sufficiently  the 
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ice  will  gradually  withdraw  until  it  entirely  disapfiears.  Such  has 
been  the  ease  with  the  vast  ice  sheets  which  comparatively  recently 
covered  this  region. 

As  the  ice  proceeds  the  debris  under  the  thicker  central  jwrtions 
will  be  pushed  along,  producing  scratches  and  grooves  upon  the  under- 
lying rocks,  but  toward  the  edge,  where  the  ice  sheet  is  thinner  liecause 
of  rapid  melting  above  and  l>elow,  the  debris  Ik* low,  consisting  of  bowl- 
dei-s  and  clay,  will  cease  to  be  moved,  and,  like  the  sediment  of  a 
river  when  the  current  slackens,  will  build  up  a  bar.  Moreover,  the 
material  carried  in  the  lower  part  of  the  ice  sheet  will  gradually  be 
droppe<l  and  become  more  or  less  assorted  by  the  waters  which  result 
from  the  melting  of  the  ice.  The  resulting  deiKJsits  will  be  of  fluvial 
character  where  drainage  is  free,  and  lacustrine  where  escaix*  is  hin- 
dered. In  the  latter  case  especially  portions  of  the  ice  mass  will 
become  detached  and  buried  in  the  debris  and  their  melting  will 
be  delayed  until  after  the  surrounding  material  has  become  perma- 
nently settled,  so  that  eventually  pond  holes,  and  even  lake  beds  of 
considerable  size,  will  result. 

From  this  sketch  of  the  glacial  action  one  can  readily  understand 
how  the  first  advance  of  the  ice  is  preceded  by  a  flooded  condition  of 
all  streams.  In  case  they  flow  from  the  ice,  their  waters  will  be 
swollen  by  the  melting  ice  and  their  sediment  increased  by  the  mud 
and  sand  contributed  by  the  glacier.  In  case  their  course  is  toward 
the  ice  sheet  or  parallel  with  the  edge,  they  will  become  dammed  and 
changed  temporarily  into  lakes  in  which  the  material  from  the  ice  will 
be  deposited. 

From  this  explanation  also  it  may  be  seen  that  the  pi*e-Glacial  sur- 
face will  be  more  or  less  covered  with  a  layer  of  sand  or  gravel  before 
the  bowlder  clay  or  regular  glacial  till  is  deposited  upon  it. 

It  is  aiso  seen  how  the  pre-Glacial  surface  divides  the  course  of  the 
ice  sheet  and  decides  the  character,  in  a  measure,  of  the  deposits  laid 
down  by  it.  The  axis  of  the  ice  flow  will  coincide  with  the  central 
portion  of  the  pre-Glaeial  valley,  and  over  it  the  ice  will  be  thickest 
and  its  surface  most  elevated.  The  divides  between  the  vallevs  and 
other  elevated  points  will  be  the  last  to  be  covered  by  the  ice  and  the 
first  to  lie  uncovered.  From  this  fact  it  might  be  expected  that  the 
glacial  deposits  are  thinner  there,  but  such  is  not  often  the  case, 
because  of  the  tendencj'  for  the  deposits  to  accumulate  more  rapidly 
under  the  thinner  portions  of  the  ice,  as  before  explained.  These 
facts  ai-e  well  illustrated  in  this  area. 

TILL   OR  BOWLDER  CLAY. 

This  dexKJsit  is  the  accumulation  formed  underneath  the  ice,  as  has 
alread}'  been  explained.  It  is  generally  of  unstratified  character, 
being  a  heterogeneous  mixture  of  sands,  clay,  gravel,  and  occasional 
Iwwlders.     It  is  usually  distinguished  from  ordinary  stream  deposits 
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by  its  unassorted  character  and  the  absence  of  stratification.  It 
frequently  contains  pockets  or  lenses  of  sand  of  considerable  extent, 
which  is  often  stratified.  In  some  cases  these  are  portions  of  the 
accumulations  of  subglacial  streams,  which  have  become  broken  up 
and  buried  in  the  till.  Thev  sometimes  contain  abundant  water,  but 
are  often  dry  and  filled  with  air,  which  is  sometimes  under  pressure. 
The  ingredients  of  the  till  vary  in  different  localities  according  to  the 
rocks  over  which  the  glacier  has  passed.  In  this  area  the  clay  com- 
prises perhaps  90  per  cent  of  the  Avhole. 

Surface  of  the  till, — The  surface  of  the  till  in  lower  places  is  more 
or  less  covered  with  silt,  laid  down  by  the  waters  escaping  from  the 
ice  soon  after  its  deposition,  and  also  by  the  wash  in  more  recent 
times,  especially  upon  hillsides.  In  some  localities,  also,  consider- 
able silt  has  been  deposited  from  the  atmosphere;  but  both  of  these 
influences  have  not  modified  the  till  of  this  region  to  any  great  extent, 
except  in  the  lower  portions  bordering  James  River,  of  which  men- 
tion will  be  made  in  a  later  section.  The  surface  of  the  till  in  gen- 
eral may  be  said  to  be  much  more  even  in  this  area  than  is  frequently 
the  case  in  other  regions.  This  is  mainly  the  result  of  its  having 
been  deposited  far  within  the  principal  moraines  upon  a  surface 
already  smoothed  by  former  and  more  vigorous  ice  sheets. 

The  till  of  this  region  exhibits  the  usual  basin  and  swell  surface, 
but  in  a  very  mild  degree.  Few  of  the  basins  are  of  sufficient  extent 
to  hold  water  through  the  summer  time.  As  a  whole,  however,  they 
have  a  most  important  influence  in  retaining  the  surface  water. 
When  snow  melts,  or  after  rains,  they  hold  the  water  so  that  over 
much  of  the  surface  very  little  of  the  rainfall  escapes  into  the  streams. 

An  area  around  Huron,  covering  perhaps  100  square  miles  or  more, 
seems  to  have  been,  during  the  recession  of  the  ice,  a  shallow  lake. 
So,  also,  at  an  earlier  stage  there  was  an  area  of  similar  character  and 
equal  extent  east  of  Woonsocket,  and  also  another  northeast  of 
Mitchell.  All  of  these  will  be  discussed  more  in  detail  under  the 
heading  ** Ancient  channels." 

Thickness  of  the  till. — The  average  thickness  of  the  till  can  be 
roughly  estimated  to  be  about  7o  feet  over  the  whole  area.  South- 
west, west,  and  south  of  Mitchell,  within  a  radius  of  10  or  12  miles, 
the  thickness  is  often  less  than  50  feet.  This  includes  the  region  in 
which  the  Cretaceous  strata  outcrop.  So,  also,  in  the  valleys  of  all 
the  principal  streams  the  thickness  of  the  till  is  often  less  tlian  20 
feet.  On  the  contrary,  in  the  elevated  region  about  De  Smet  depths 
of  200  or  250  feet  may  occur,  although  but  few  drillings  have  been 
made  to  show  this  fact.  Southward  from  that  region  the  till  gradually 
diminishes  in  thickness,  until  in  the  vicinity  of  Spencer  it  is  generally 
less  than  50  feet.  In  the  region  south  of  Plankinton,  also,  wells  show 
a  frequent  thickness  of  150  feet,  while  some  attain  over  200  feet. 

In  the  flit  lands  east  of  Woonsocket  the  depth  of  the  till  is  nearlj^ 
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100  feet,  and  this  thickness  prevails  generally  under  the  morainic 
belt  north  of  Sand  Creek  and  Redstone  Creek.  Southeast  of  Wolsey, 
in  the  flat  country,  the  till  usually  has  a  thickness  of  60  or  70  feet; 
it  probably  has  about  the  same  thickness  in  the  flat  lands  around  and 
east  of  Huron. 

In  considering  these  statements  it  should  be  remembered  that  the 
separation  of  the  till  from  the  underlying  clay  of  the  Cretaceous  is 
often  very  indistinct.  Well  drillers  very  frequently  do  not  distin- 
guish the  two  formations;  hence  the  reports  upon  which  the  prece<iing 
statements  have  been  made  are  few  and  far  between.  In  the  region 
near  the  Cretaceous  outcrops  no  water  is  found  between  the  till  and 
the  underlying  chalkstone  or  sandst>one.  Hence  in  drilling  wells  the 
till  is  not  looked  for  in  such  portions  of  the  region.  Elsewhere,  also, 
in  this  area,  more  frequently  than  farther  south,  there  seems  to  l)e  an 
absence  of  the  sand  stratum  which  separates  the  till  from  the  under- 
lying clays,  and  even  in  some  cases  where  sand  is  found  it  is  so  fine 
that  it  can  not  be  utilized  for  water  supply.  It  is  nearly  impossible 
to  separate  the  fine  sand  from  the  water,  even  when  the  casing  is 
covered  with  very  fine-meshed  screen. 

Another  consideration  also  tends  to  produce  confusion,  especially 
in  the  northern  part  of  the  area.  There  exist  in  the  upper  part  of 
the  Cretaceous  one  or  two  water  strata,  which  join  the  bottom  of  the 
till  at  a  very  small  angle.  Hence,  where  the  thickness  of  the  till  is 
estimated  from  the  depth  of  wells,  b}^  an  oversight  the  measurement 
may  extend  below  the  till  to  the  Cretaceous  clays.  This  danger  is 
especially  strong  in  the  northern  half  of  the  area. 

Another  source  of  error,  against  which  it  is  impossible  to  guard,  is 
the  irregular  thickness  of  the  till  in  some  localities.  Two  wells  sunk 
only  a  few  rods  apart  are  frequently  reported  to  find  the  bottom  of  the 
till  at  very  different  depths.  Sometimes  such  reports  may  arise  from 
the  sand  pockets  which  we  have  already  referred  to  as  occurring  in 
the  till,  but  in  some  cases  the  statements  refer  to  the  striking  of  soap- 
stone,  or  Cretaceous  clay.  In  this  ease  there  could  be  little  doubt  that 
the  bottom  of  the  till  had  been  reached.  On  the  whole,  therefore,  the 
statements  concerning  the  thickness  of  the  till  must  be  taken  as  only 
very  general  estimates. 

MORAINES. 

The  till  sheet  already  described  is  sometimes  called  the  ground 
moraine,  but  the  moraine  spoken  of  here  is  always  tlie  system  of  hills 
believed  to  have  been  heaped  up  around  the  edge  of  the  ice  sheet.  It 
is  sometimes  more  definitely  called  a  terminal  moraine.  Such  hills 
are  recognized  more  by  their  relative  position  than  by  any  one  char- 
acteristic which  they  bear  individually.  Each  one  is  usually  length- 
ened parallel  with  the  course  of  the  system,  abounds  in  bowldere,  and 
has  somewhat  abrupt  sides^  but  all  of  these  charactenstics  ai*e  not 
always  found  together. 
IRK  90— 04 3 
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As  a  system,  the  moraine  usually  presents  these  stony,  knobby  hills 
mingled  confusedly  with  circular  and  winding  basins  which  often  con- 
tain water,  but  sometimes  both  basins  and  hills  are  very  faintly  devel- 
oped, so  that  the  whole  constitutes  a  broad  swell.  The  moraine  is 
traversed  here  and  there  by  valleys  through  which  water  escaped  from 
the  ice  sheet.  These  may  be  of  trifling  size  or  many  rods  in  width, 
and  cut  down  through  the  whole  height  of  the  moraine. 

The  height  of  the  moraine  at  any  one  point  is  due  to  several  con- 
ditions: 

1.  The  relative  height  of  the  pre-Glacial  surface. 

2.  The  amount  of  material  pushed  forward  by  the  ice  at  that  point, 
which  depends  again  on  the  transporting  power  of  the  glacier  and  the 
time  its  edge  remained  stationarj'. 

3.  The  amount  of  material  washed  awav. 

4.  The  consistency  of  the  material — an  excess  of  clay  or  sand  tend- 
ing to  produce  a  low  and  even  moraine,  while  excess  of  stony  material 
is  favorable  to  the  formation  of  a  high  and  rugged  moraine. 

The  moraines  of  this  area  are  mapped  on  PI.  Ill;  consequently  it 
will  be  unnecessary  to  speak  definitely  of  their  location.  With  few 
exceptions  they  are  not  conspicuous  features.  Generally  they  consist 
of  low,  broad  swells,  showing  the  usual  surface  of  the  till,  except  that 
occasional  peaks  which  rise  more  or  less  abruptly  15  or  25  feet  above 
the  surrounding  surface  are  scattered  over  the  general  level.  The 
swell  may  have  a  height  of  20  or  30  feet  above  the  till,  into  which  it 
insensibly  merges.  The  intervening  depressions  and  basins  are  also 
more  numerous  and  larger  than  elsewhere.  Moreover,  the  moraines 
usually  present  a  large  number  of  bowlders,  beds  of  gravel,  and  other 
marks  of  abundant  and  free-flowing  waters. 

In  the  area  under  consideration  are  portions  of  two  principal  mo- 
raines, both  of  which  present  three  or  four  minor  subdivisions.  The 
moraines  belong  to  the  Wisconsin  stage  of  the  Glacial  epoch  and  are 
commonly  known  as  the  Second,  or  Gary  moraine,  and  the  Thinl,  or 
Antelope.  The  former  name  is  derived  from  the  town  of  (yary, 
S.  Dak.,  where  it  was  first  studied,  and  the  second  from  a  ridge  in 
Minnesota  Valley.  In  general  it  may  be  stated  that  these  moraines 
were  formed  as  portions  of  loops  extending  southward  across  the  axis 
of  James  River  Valley.  Previous  to  their  formation  the  ice  had 
covered  the  whole  area  to  a  depth  of  several  hundred  feet,  and  pushed 
south  and  west  to  the  vicinitv  of  Missouri  River,  where  it  rested  for 
a  time  and  formed  the  First,  or  Altamont  moraine.  Hence  the 
moraines  in  this  area  were  formed  on  a  fairlv  smooth  and  level  siir- 
face.     For  the  same  reason,  also,  they  are  less  iiTegular  and  prominent. 

These  loops  show  liighor  liills  upon  the  southwest  side,  while  upon 
the  southeast  and  east  they  are  sometimes  not  easily  traced. 

The  Gary  moraine  enters  the  west  boundary  of  the  area  north  of 
Firesteel  Oeek,  near  the  north  boundary  of  Jerauld  County.     It  is 
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there  usually  developed  in  an  irregular  ridge,  rising  more  than  100 
feet  above  the  valley  of  the  stream  outside,  or  west.  It  continues 
southward  along  the  east  side  of  Firesteel  Creek,  soon  l)ecoming  a 
low  swell,  and  so  continues  across  the  main  cliannel  of  Firesteel 
Creek  into  Davison  County.  Here  it  follo\\-s  a  tributary  from  the 
south,  which  connects  by  a  valley  with  the  upper  portion  of  Enemy 
Creek,  and  again  with  the  upper  part  of  Twelvemile  Creek.  The  outer 
margin  of  this  moraine  still  follows  this  channel  in  a  southeasterly 
direction  till  it  crosses  the  north  line  of  Hutchinson  County  east  of  the 
ninety-eighth  meridian.  This  outer  memljer  does  not  reapi)ear  in  this 
area  until  it  crosses  the  northeast  corner  in  a  north-northwest  direction, 
west  of  De  Smet.  Branching  from  this,  near  the  north  line  of  Davison 
County,  is  the  second  member,  which  passes  more  to  the  east  along  the 
main  channel  of  Firesteel  Creek  and  James  River,  cn)ssing  the  latter 
near  the  south  boundary  of  the  area.  This  does  not  appear  again 
until  it  is  found  in  connection  with  tha  first  member  near  De  Smet. 
A  third  member  leaves  the  other  two  southwest  of  Woonsocket,  and 
takes  a  course  approximately  parallel  with  the  last,  passing  south  and 
a  little  southeast  of  Mit-chell,  foioningashort  but  high  reentrant  angle 
just  esHt  of  James  River,  northwest  of  Bard,  thence  continuing 
along  the  east  side  of  James  River  until  it  is  lost  in  the  plain  east  of 
Rockport.  Its  eastern  limb  reappears  near  Epiphany  and  continues 
north  in  a  low  ridge  west  of  Wolf  Creek  and  west  of  Howard,  keep- 
ing the  same  direction  till  it  joins  the  older  members  west  of  De  Smet. 
A  fourth  member,  rather  more  clearly  defined  in  its  western  portion 
than  the  last,  leaves  the  preceding  member  northwest  of  Woonsocket, 
and  about  3  miles  west  of  that  place  is  developed  into  a  high,  narrow 
ridge,  known  as  the  '*Pony  Hills."  It  diverges  still  more  from  the 
former  members  so  that  it  crosses  the  railroad  in  scattered  knolls  about 
5  miles  northwest  of  Letcher,  and  north  of  that  place  forms  a  rough 
strip  about  2  miles  in  breadth  nearly  to  James  River.  East  of  that 
stream  and  north  of  James  Creek  its  main  portion  turns  northeast. 
Its  course  northeast  of  Artesian  is  so  faintly  developed  that  it  has  not 
been  traced.  This  member  seems  to  have  formed  the  main  barrier 
which  produced  a  shallow  lake  east  of  Woonsocket.  From  its  south- 
em  side  this  lake  had  three  or  four  outlets  through  the  moraine: 
Long  I^ke,  northwest  of  Letcher;  a  similar  channel  east  of  Letcher; 
and  James  River. 

The  Third  or  Antelope  moraine  lies  along  the  west  side  of  the  area 
west  of  Wolsey  in  the  form  of  a  conspicuous  ridge.  It  turns  southeast 
and  later  to  the  east  north  of  the  main  course  of  Sand  Creek.  It 
crosses  James  River  on  the  north  line  of  Sanborn  County,  becomes 
less  prominent,  and  gradually  curves  in  a  northeast  direction,  becom- 
ing still  less  prominent,  but  is  faintly  developed  west  of  Iroquois, 
where  it  has  a  north  course,  which  continues  beyond  the  limits  of  the 
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area.  This  may  be  considered  the  flrat  member  of  the  Third  moraine 
and  the  most  conspicuous  part  of  it. 

Lying  approximately  parallel  with  the  first  member  are  two  or  thi-ee 
lines  of  scattered  knolls,  beginning  near  the  northern  boundary,  west 
of  Broadlands,  and  curving  ai'ound  south  of  Huron.  One  of  these  is 
developed  into  a  ridge  30  or  40  feet  in  height  south  of  Cavour.  As 
these  have  mnch  of  their  course  in  a  plain  whicli  probably  was  at  one 
time  a  shallow  lake,  they  are  very  feebly  developed. 

Along  the  inner  side  of  the  first  member  of  the  moraine,  on  the  west 
side  of  James  River,  lies  Cain  Creek  and  east  of  it  Pearl  Creek.  The 
portion  of  the  moraine  lying  between  Cain  Creek  and  Sand  Creek  is 
traversed  by  two  or  three  well-defined  channels,  reaching  through  the 
moraine  from  the  valley  of  one  stream  to  the  other.    ' 

ANCIENT  CHANNELS  AND  TERRACES.   ' 

TJuder  this  head  are  included  all  water-laid  deposits  of  any  con- 
siderable thickness  except  such  as  are  in  the  immediate  flood  plains 
of  present  streams.  In  some  of  the  shallow  channels  the  older  deposits 
may  not  be  clearly  separable  from  those  of  recent  origin.  In  such 
cases  the  later  are  included  under  this  head.  The  geologic  map  shows 
the  location  of  these  (channels.  They  correspond  generally  with  the 
present  waterways,  for  the  latter  are  the  puny  successors  of  the  former, 
and  yet  the  direction  of  drainage  has  been  so  changed  in  a  few  cases 
that  some  of  the  present  valleys  are  connected  by  a  network  of  older 
channels. 

General  chu racier, — These  channels  vary  from  broad,  shallow 
depressions,  approaching  lakes  in  character,  through  which  streams 
passed  for  a  comparatively  short  time,  with  a  sluggish  current,  to 
troughs  20  to  40  feet  in  depth,  in  which  the  abundance  of  coai-se 
material  shows  that  they  were  occupied  by  vigorous  streams  for  some 
time.  In  both  cases  the  coarser  deposit  is  usually  sufficiently  covered 
with  finer  material  to  afford  rich  soil.  Where  the  channel  deposits 
have  been  cut  through  by  the  deeper  trenching  of  the  later  streams 
similar  differences  in  the  character  of  the  deposits  also  occur.  In 
some  cases  the  old  channel  deposit  is  at  a  height  of  50  or  60  feet 
above  the  present  stream.  In  many  cases,  however,  the  old  deposits 
have  been  only  slightly  eroded,  because  the  later  drainage  has  passed 
off  in  another  direction. 

We  find  the  older  channels  changed  to  terraces,  particularly  along 
James  River,  where  sometimes  two,  at  different  altitudes,  appear. 
East  of  Huron,  for  example,  these  are  found  at  about  40  and  60  feet, 
and  east  of  Mitchell  at  about  80  and  over  100  feet  above  the  stream. 
They  are  not  always  distinctly  marked,  but  may  merge  one  into  the 
other.  The  usual  indication  of  such  a  terrace  is  a  sharp,  stony  edge 
capping  the  river  bluff  and  a  generally  flat  surface  extending  for 
many  rods. 
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Origin. — ^These  ancient  channels  were  develojied  during  the  pres- 
ence of  the  glacier,  and  serve<l  to  carry  off  the  water  from  the  front 
of  the  ice  sheet  in  its  different  stages.  The  arrangement  of  the  chan- 
nels is  evidence  of  the  former  existence  of  an  ice  sheet  over  this  region. 
The  size,  and  particularly  the  course,  of  some  of  the  channels  and  the 
amount  of  coarse  material  found  in  them  can  not  well  be  explained 
in  any  other  way. 

The  order  in  which  these  channels  were  occupie<l  may  be  learned 
from  the  map,  where  they  are  numbered ;  but  it  should  he  rememl)ei'ed 
that  it  is  impossible  to  represent  the  order  of  their  occupation  with 
minute  accuracy.  In  some  cases  the  same  channel  has  iK^en  used  in 
opposite  directions,  and  this  change  has  perhaps  occurred  more  than 
once.  It  will  be  noticed  that  the  numbers  are  generally  wide  apart, 
but  are  sometimes  found  near  each  other,  especially  along  the  course 
of  James  River.  In  such  cases  it  is  intended  to  indicate  that  the 
channel  had  been  used  at  times  corresponding  to  the  occupation  of 
channels  bearing  those  numbers  and  that  the  altitude  of  the  forma- 
tion does  not  clearly  distinguish  the  order  of  time.  Usually  the  later 
terraces  are  lower  than  the  older,  but  this  is  not  always  the  case.  Dur- 
ing the  rapid  unloading  of  debris  from  the  ice  the  streams  might  at 
one  time  erode  antl  at  another  time  fill,  so  that  waters  are  conceived 
to  have  been  at  nearly  the  same  level  at  widely  different  times. 

To  give  an  example  of  the  way  in  which  the  channels  record  the 
presence  and  different  stages  of  the  ice  sheet  and  at  the  same  time 
the  varying  directions  in  which  the  water  flowed,  attention  is  called 
to  the  channels  west  and  south  of  Mitchell.     (See  PI.  III.) 

When  the  ice  occupied  and  was  building  the  outer  member  of  the 
Gary  moraine,  the  drainage  about  the  western  edge  was  discharged 
along  a  channel  which  follows  the  coui-se  of  Firesteel  Creek  and  a  south- 
ern tributary,  and  which  leads  west  of  Mount  Vernon;  then  through 
the  main  branch  of  Enemy  Creek  to  the  center  of  T.  lOi'  N.,R.  GI  W., 
when  it  passed  by  another  intermediate  channel  into  the  north  branch 
of  Twelvemile  Creek,  thence  by  another  crosscut  to  the  south  branch 
of  the  same  stream.  Into  this  the  water  from  the  ice  sheet  discharged 
by  several  outlets  through  the  moraine.  Since  the  coursv^  of  this 
stream  was  on  a  higher  level  than  the  land  farther  east  a  siiort  dis- 
tance within  the  edge  of  the  ice  sheet,  as  soon  as  the  ice  began  to 
i-ecede  the  waters  at  several  points,  particularly  near  the  north  line 
of  Aurora  County,  turned  eastward  through  the  outlets  and  followed 
for  a  time  the  edge  of  the  ice,  while  it  formed  the  second  member  in  a 
way  analogous  to  that  already  sketched.  When  the  ice  receded  to 
the  third  member  a  similar  change  took  place  by  the  main  stream, 
following  the  present  coui-se  of  Firesteel  Creek  to  a  xjoint  northeast  of 
Mount  Vernon  before  turning  south.  The  course  of  Firesteel  Creek 
was  not  occupied  as  at  present  until  the  ice  had  withdrawn  beyond 
the  junction  of  this  stream  with  James  River. 
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ANCIENT  LAKES. 

In  connection  with  the  channels,  certain  extensive  areas  which  raay 
be  called  ancient  lakes  should  be  considered.  The  use  of  this  term 
does  not  imply  that  they  were  occupied  at  one  time  by  water,  although 
this  may  have  been  the  case.  It  is  probable  that  as  the  ice  receded 
over  them  from  the  south  toward  the  north  the  southern  portion  wai» 
first  occupied  by  more  or  less  ponded  water  and  filled  by  the  accumu- 
lating sediment  from  the  streams  draining  the  adjacent  ice  sheet;  as 
the  ice  uncovered  one  portion  after  another  these  areas  were  succes- 
sively filled  with  sediment  in  the  same  way,  until,  on  the  recession, 
of  the  ice,  they  became  flat  plains,  covered  with  sand  or  clay,  with, 
points  of  the  underlying  till  rising  above  it  like  islands,  and  shallow 
channels  winding  about  irregularly  upon  it.  In  some  cases  shallow*' 
lakes  ma3^  have  continued  for  an  indefinite  period.  The  largest  and 
best  example  of  this  sort  lies  between  Woonsocket  and  Forestburjj:, 
and  extends  from  the  outer  portion  of  the  third  moraine  to  the  fourth 
member  of  the  second  moraine.  It  covers  an  area  of  perhaps  50  miles. 
Over  this  area  the  surface  is  poorly  drained  and  covered  either  with 
fine  clay,  commonly  called  gumbo,  or  with  sand  which  is  sometimes 
gathered  in  dunes  by  the  wind.  I^he  gumbo  seems  to  have  been 
formed  by  the  settling  of  clay  in  comparatively  quiet  water.  The 
sandy  areas  from  their  position  overlying  the  gumbo  and  till  seem  to 
have  been  formed  as  deltas  by  Sand  Creek  and  Redstone  Creek. 

A  similar  area,  not  so  clearl}'  defined,  surrounds  Huron,  especially 
on  the  south  and  east.  This  does  not  present  so  much  of  the  gumbo 
surface,  and  the  sand  is  also  less  marked. 

Between  Letcher  and  Mitchell  and  extending  eastward  across  James 
River  is  another  flat  area  which  presents  more  of  the  usual  surface 
of  the  till  and  less  of  the  sand  and  gumbo. 

GEOLOGIC  HISTORY. 

The  granite  which  underlies  most  of  James  River  Valley  is  consid- 
ered to  be  part  of  the  very  old  surface  which  existed  before  life 
appeared  upon  the  earth.  Whether  it  may  be,  in  some  cases,  part  of 
the  original  substance  of  the  globe  or  whether  it  was  first  laid  down 
in  an  ocean  and  afterwards  changed  to  a  crystalline  rock  by  heatand 
pressure  has  not  been  satisfactorily  ascertained. 

The  Sioux  quartzite,  which  is  exposed  in  the  region  east  of  Mitchell, 
belongs  to  a  later  epoch,  and  certainly  was  deposited  in  the  ocean, 
probably  upon  the  margin  of  a  land  area  which  existed  farther  east 
in  Minnesota  and  Wisconsin.  From  that  land,  the  waves,  ocean  cur- 
rents, and  tides,  which  were  probably  more  vigorous  then  than  now, 
derived  the  sands  and  spread  them  out  over  the  bottom,  much  as  now 
takes  place  on  the  seashore.  As  the  material  accumulated  there  was 
a  gradual  sinking  of  the  ocean  bottom  till  a  thickness  of  several  hun- 
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dred  feet  had  been  laid  down.  There  is  no  clear  evidence  that  there 
was  any  animal  life  in  that  ancient  ocean. 

In  the  succeeding  age  there  was  a  disturbance  which  resulted  in 
the  eruption  of  molten  rocks  which  may  have  reache<l  the  surface  and 
penetrated  the  sand  strata  in  both  dikes  and  sheets.  It  was  probably 
during  this  period  that  the  sand  became  consolidated  into  the  hard 
stone  we  find  to-day.  Some  of  the  igneous  rock  which  appeare<l  at 
that  time  has  been  found  at  Hull,  Iowa;  near  Corson,  in  Minnehaha 
County;  in  Hanson  County,  sec.  26,  T.  104  N.,  R.  58  W.,  and  at  Yank- 
ton. Probably  in  earb-  Cambrian  time  this  region  was  above  sea  level, 
and  then  followed  the  long  period  of  erosion  which  is  mentione<l  above 
as  the  Paleozoic  gap.  It  may  have  been  that  the  first  upheaval  of 
this  region  was  a  few  hundred  or  a  few  thousand  feet,  but  more  likely 
the  rise  was  by  several  successive  elevations.  It  is  probable  that 
during  the  erosion  of  Paleozoic  time  several  hundred  feet  of  rock 
were  carried  away,  and  that  the  buried  ridge  extending  through  the 
Mitchell  region  is  but  a  small  remnant  of  the  original  rock  mass.  The 
land  surface  at  this  time  may  have  l)een  clothed  with  vegetation 
and  occupied  by  animals,  of  various  kinds.  During  the  last  of  the 
Paleozoic  and  the  early  part  of  the  Mesozoic  the  seashore  must  have 
been  bevond  Missouri  River  on  the  west. 

At  the  beginning  of  Jurassic  time  the  land  besr^/n  to  subside  and  the 
sea  gradually  advanced  in  central  South  Dakota,  but  apparently  in 
this  i"egion  a  land  surface  continued  until  much  of  the  Cretaceous 
period  had  passed,  for  the  first  deposits  appear  to  have  been  the  sedi- 
ments of  Dakota  time.  These  were  mainly  sands  deposited  on  beaches 
and  in  estuaries,  but  in  intervals  of  quieter  and  deeper  waters  clays 
were  also  laid  down.  It  is  likely  that  the  sands  were  carried  by 
vigorous  tidal  currents  and  probably  came  in  part  from  the  disinte- 
gration of  the  quartzite  along  the  adjacent  shore.  The  clay  may  be 
traced  with  considerable  confidence  to  the  soil  and  fine  material  which 
were  being  washed  from  the  land  as  the  waters  continued  to  advance 
toward  the  east. 

At  the  end  of  the  Dakota  epoch  the  ocean  waters  overspread  the 
region  as  far  as  southeastern  Minnesota  and  the  deposition  of  the 
Benton  shales  began.  There  were  some  short  periods  of  shallow 
waters  with  strong  current*?,  which  deposited  local  laj'ers  of  sand,  but 
clays  were  the  predominant  sediments.  In  Niobrara  time  the  waters 
were  deep  and  clear  in  the  greater  part  of  the  area,  and  great  deposits 
of  carbonate  of  lime  accumulated,  now  represented  by  the  chalkstone. 
At  this  time  there  was  abundant  life  In  the  waters,  including  fish, 
huge  reptiles,  and  moUusks.  Deep  waters  and  clay  deposition  con- 
tinued during  Pierre  time,  and  probably  several  hundred  feet  of 
Pierre  sediments  extended  across  southeastern  South  Dakota.  In  the 
latter  part  of  the  Cretaceous  there  were  at  first  shallow  ocean  waters 
of  Fox  Hills  time,  and  then  brackish  and  fresh  waters  in  which  the 
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Laramie  sandstones  were  laid  down;  but  as  these  formations  are 
absent  to  the  southeast  there  is  no  evidence  as  to  the  conditions 
in  southeastern  South  Dakota  in  this  epoch,  and  presumably  it  was 
then  a  land  surface.  Probably  the  land  surface  continued  during  the 
Tertiary  period,  and  some  of  the  streams  of  later  Tertiary  time  spread 
local  deposits  of  sands  in  some  portions  of  the  region,  but  it  is  impos- 
sible to  aifirm  what  the  conditions  were  in  this  area,  because  subse- 
quent erosion  has  removed  all  such  deposits.  During  the  later  part 
of  the  Tertiary  period  there  was  doubtless  a  large  stream  somewhere 
near  the  present  position  of  James  River,  flowing  toward  the  south. 

The  remarkable  area  furnishing  artesian  waters  from  underneath 
the  till  near  Artesian  may  be  considered  as  some  evidence  that  the 
former  course  of  James  River  lay  along  that  line.  The  prominent 
range  of  knolls  east  of  Mitchell  suggests  the  presence  underneath  of 
a  prominent  point  in  the  underlying  rock  which  may  have  existed  on 
the  west  side  of  the  pre  Glacial  James  River.  The  lower  land  3  or  4 
miles  east  of  the  James,  south  of  Alexandria,  continuing  to  Hutchin- 
son County  toward  the  mouth  of  Wolf  Creek,  and  the  apparent 
recency  of  the  trough  of  James  River  west  of  it  below  Rockport,  as  is 
indicated  by  the  prominence  of  sandstone  cliffs  at  several  points,  also 
the  absence  of  chalk  in  a  strip  passing  Farmer,  Hanson  County, 
combine  to  at  least  suggest  that  the  pre-Glacial  course  of  James 
River  lay  east  of  its  present  course  through  the  southern  part  of  this 
area.  This  suggestion  has  not,  however,  been  tested  by  a  comparison 
of  significant  well  borings. 

Into  James  River  probably  came  White  River,  through  the  valley 
of  Red  Lake,  White  Lake,  and  Firesteel  Creek.  Those  rivers  doubtless 
had  many  small  tributaries  which  had  rapidly  cut  down  the  soft  mate- 
rials composing  the  surface.  The  elevated  region  in  the  southwest- 
ern part  of  Davison  County  may  be  considered  a  remnant  of  the  old 
divide  south  of  it. 

Such  were  the  drainage  conditions  until  the  Ice  Age  began,  when  it 
is  supposed  the  climate  became  moister  and  colder.  During  the 
earlier  stages  of  the  Ice  Age  the  ice  had  not  broken  over  the  divide 
between  James  River  and  Red  River,  and  hence  the  streams,  although 
swollen  by  rains,  did  not  receive  water  directly  from  the  ice.  If  the 
ice  reached  the  boundaries  of  the  State  at  any  point,  it  probably  did 
so  in  Minnehaha  County,  coming  over  from  the  Minnesota  Valley, 
and  Big  Sioux  and  Vermilion  rivei*s  carried  off  the  water. 

During  the  Wisconsin  stage  the  ice  finally  extended  over  the  divide 
east  of  James  River  near  the  north  boundary  of  the  State,  and  steadily 
progressed  down  the  valley  until  it  had  filled  it  to  a  dei)th  in  the  cen- 
ter of  l,Oi)()  to  2,000  feet.  At  this  time  the  ice  extended  as  far  west 
as  Kimball,  southwest  of  Lake  Andes,  south  to  Yankton,  east  to 
the  East  Vermilion,  ami  southeast  to  Canton  and  Vermilion.  During 
this  stage  the  region  was  being  ground  down,  chalkstone  and  softer 
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deposits  were  carried  away,  and  the  surface  of  the  quartzite  was 
planed  and  grooved  as  i^  found  southwest  of  Hrid^ewater  and  at 
uunieroas  other  exposures. 

This  condition  probably  continued  for  hundreds  of  years,  but  in 
due  time,  possibly  from  a  sinking  of  the  northeastern  part  of  the  con- 
tinent or  from  some  general  climatic  change,  the  sti-ength  of  the  ice 
current  was  checked,  and  it  gradually  melted  back,  possibly  until  a 
portion  of  this  region  was  uncovered.  It  is  l>arely  possible  that  the 
marsh  deposits  before  referred  to,  found  near  the  southwest  angle 
of  this  area,  were  laid  down  at  that  time;  but  this  does  not  setMU 
likely,  because  they  seem  rather  to  be  Cretaceous  clays  than  till 
underneath  them. 

A^ain  the  ice  sheet  advanced  and  formed  the  first  member  of  the 
Gary  moraine.  At  that  time  the  southwest  angle  of  this  ai-ea  was 
uncovered,  and  also  the  northeast  angle,  and  the  drainage  from  the 
west  side  of  the  ice  sheet  passed  through  the  valley  west  of  Mount 
Vernon,  and  that  from  the  east  side  through  the  valley  east  of  De  Smet. 
The  southern  point  of  the  ice  must  have  extended  into  the  northeast- 
em  part  of  Yankton  County.  When  the  ice  receded  to  form  the  fourth 
member  of  that  moraine,  the  west  branch  of  Sand  Creek  drained 
down  the  channel  west  of  Pony  Hills  west  of  Woonsoeket,  while  the 
drainage  from  the  east  side  was  largely  by  Rock  Creek. 

While  the  Third  or  Antelope  moraine  was  forming,  the  North  Fork 
of  Sand  Creek,  fed  by  several  streams  from  the  ice  sheet,  washed 
much  debris  into  the  basin  east  of  Woonsoeket.  At  the  same  time 
Redstone  Creek  sustained  a  similar  relation  on  the  east  side  of  the 
James. 

The  last  appearance  of  the  ice  in  this  area  was  an  almost  stationary 
glacier.  The  ice  probably  lay  in  extensive  blocks  in  the  basins  east 
of  Huron,  even  after  James  River  was  running  near  its  present  course, 
a  little  northwest,  perhaps  with  icy  banks.  A  portion  of  the  basin 
north  of  Huron  seems  to  have  been  more  open  and  to  have  received 
much  sand  and  silt  from  the  melting  ice  sheet  farther  nortli,  not  only 
through  the  James,  but  b\'  a  channel  which  led  past  the  present 
location  of  Broadland. 

Afterwai-ds  the  streams  assumed  their  present  courses,  and,  though 
somewhat  larger  than  at  present,  had  little  effect  upon  the  surface  of 
the  country  except  to  deepen  the  channels  which  were  occupied  by 
permanent  water.  It  is  believ'ed  that  James  River  had  cut  nearly  to 
its  present  depth  before  the  ice  had  disappeared  from  the  State.  The 
main  geologic  development  of  the  country  since  the  disappearance  of 
the  ice  has  been  in  the  formation  of  the  soil,  which  has  gone  on  by  the 
accumulation  of  alluvium  along  the  princii)al  streams.  To  this  may 
be  added  the  deepening  of  fine  material  over  the  general  surface  by 
the  burrowing  of  animals,  the  wash  from  the  hillsides,  the  settling  of 
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dust  from  the  atmosphere,  and  the  accumulation  of  the  remains  of 
vegetation. 

ECOXOMIC    GICOIiOGY. 

There  are  no  deposits  of  mineral  ores  or  of  coal  in  this  area.  Frag- 
ments of  coal  are  sometimes  found  in  the  drift,  but  they  have  been 
brought  by  the  ice  or  by  streams  from  the  northern  part  of  James 
River  Valley. 

Valuable  quarries  of  red  quartzite  have  been  opened  near  Spencer 
and  Alexandria  and  quarries  might  be  operated  at  perhaps  a  dozen 
other  points.  Their  location  may  be  learned  from  the  geologic  map 
(PI.  Ill)  by  noticing  the  outcrops  of  Algonkian,  or  quartzite.  Chalk- 
stone  and  the  upper  Benton  sandstone  have  also  been  used  for  the 
construction  of  buildings,  but  the  material  is  not  considered  suffi- 
ciently dtirable.  Much  of  the  stone  locally  used  for  foundations  and 
other  rough  buildings  is  derived  from  the  drift.  It  consists  of  granite, 
limestone,  and  greenstone  bowlders,  which  are  very  durable  and  with 
a  little  care  may  be  neatly  laid. 

Deposits  of  clay  of  economic  value  are  not  certainly  known  to  exist. 
A  bed  was  opened  southeast  of  Mitchell,  from  which  brick  were  man- 
ufactured at  that  place,  but  the  frequent  occurrence  of  lime  nodules 
in  it  rendered  the  preparation  of  it  too  expensive  for  practical  pur- 
poses. It  is  not  improbable  that  diligent  search  would  find  beds  of 
silt  near  James  River,  or  of  gumbo  in  the  lake  basins,  in  sufficient 
quantity  to  be  of  some  local  value  in  making  brick,  but  there  is  apt  to 
be  so  much  lime  and  coarse  material  mingled  with  it  that  brickmakin^ 
will  not  be  extensively  carried  on  in  this  region. 

Sand  and  gravel  deposits  may  be  found  very  generally  in  the  more 
important  old  channels. 

WATER  SUPPLY. 

This  resource  is  not  only  of  prime  importance,  but  considerable 
knowledge  of  its  distribution,  character,  and  accessibility  is  directly- 
obtained  by  geologic  investigation.  Its  occurrence  may  be  classified 
first  into  surface  waters  and  subterranean  waters.  The  former  will 
include  lakes,  streams,  and  springs,  and  the  latter  wells — both  pump 
wells  and  artesian  wells. 

Surface  Waters 
LAKES. 

The  numerous  basins  found  upon  the  surface  of  the  till  form 
important  natural  reservoirs  for  holding  the  rainfall,  and  doubtless 
assist  much  in  diminishing  the  evil  effects  of  droughts.  Only  the 
largest  of  them  retain  water  from  year  to  year.  Only  a  few  of  those 
marked  upon  the  map  (PI.  Ill)  have  areas  of  open  water.  More  fre- 
quently they  are  filled  with  grass  or  reeds.  Some  of  them  liave 
become  convenient  reservoirs  for  the  overflow  of  artesian  wells. 
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Some  of  the  largest  cover  an  area  of  2  ol*  3  square  milen,  as  a  lake 
5  or  6  miles  northwest  of  De  Smet. 

STREAMS. 

Mention  of  these  has  already  l)een  made  under  the  heading 
*' Geography."  Attention  is  here  called  to  an  interesting  feature 
which  is  usually  manifest  in  the  upper  and  middle  courses  of  the 
smaller  streams.  Most  of  them  show  the  occurrence  .at  irregular 
intervals  of  deep  pools,  sometimes  5  or  6  feet  deep  and  a  rod  wide, 
and  extending  in  length  for  several  rods.  These  are  separated  by 
deposits  of  sand  and  gravel,  which,  in  the  latter  part  of  the  season,  are 
of t-en  dry  and  grassed  over.  These  pools  usually  contain  water,  which 
is  kept  comparatively  pure  by  a  slow  circulation  which  passes  down 
from  pond  to  pond  through  the  gravel  bars.  In  time  of  rain  these 
bars  are  overflowed  and  the  decomposing  vegetation  in  the  ])onds  is 
apt  to  be  swept  out. 

SPRINGS. 

The  pond  holes  just  mentioned  might  be  named  in  this  connection, 
as  they  are  supplied  from  ground  water  which  drains  in  below  the 
surface.  But  there  are  also  clearer  examples  of  springs,  and  the 
springs  of  this  region  are  supplied  from  three  more  or  less  distinct 
sources. 

One  source  is  the  sand  or  gravel  capping  the  terraces.  Springs  of 
this  sort  abound  near  James  River  in  the  ravines  south  of  Rockport 
and  for  a  few  miles  north  and  south  of  Forestburg  and  on  the  Fire- 
steel  north  of  Mitchell.  Another  source,  scarcely  separable  from  the 
first,  is  from  sand  strata  considerably  below  the  surface.  Several  fine 
springs  of  this  class  are  found  along  the  lower  course  of  Pearl  Creek 
and  along  the  east  side  of  James  River,  between  Huron  and  the 
mouth  of  Shue  Creek.  These  all  furnish  clear,  cool,  hard  water,  which 
deposits  in  some  cases  considerable  travertine  or  limestone. 

One  spring,  at  least,  is  known  to  come  from  the  Benton  shale.  It  is 
found  on  the  west  side  of  Twelvemile  Creek,  about  2  miles  north  of 
Hutchinson  County.  It  is  known  that  the  chalkstone  is  often  satu- 
rated with  water,  but  at  no  point  in  this  area  are  circumstances  such 
that  it  is  brought  to  the  surface  in  the  form  of  springs. 

A  third  source  of  springs,  producing  some  of  the  finest  to  be  found 
anywhere,  is  the  Benton  sandstone.  All  that  are  known  from  this 
source  probably  spring  from  the  first  sandstone  below  the  chalk.  It 
is  possible,  however,  that  near  the  quartzite  leaks  from  deeper  strata 
may  reach  the  surface.  One  of  the  most  notable  of  these  springs  is 
found  about  3  miles  east  of  Ethan.  It  has  been  impossible  to  meas- 
ure the  quantity  of  water  escaping  here  because  of  its  discharge 
through  a  mass  of  moss  covering  an  acre  or  more;  but  some  idea  of 
the  amount  of  water  discharged  may  be  obtained  from  the  fact  that 
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after  cold  weather,  with  a  temperature  of  20°  below  zero,  it  kept  open 
a  pond  several  square  rods  in  extent  and  sustained  a  stream  a 
quarter  of  a  mile  long,  free  from  ice  in  the  middle.  In  the  lower 
course  of  Enemy  Creek,  extending  2  or  3  miles  above  its  mouth,  are 
several  large  springs  supposed  to  be  fed  from  this  source.  It  is  pos- 
sible, however,  that  some  of  them  may  be  supplied  from  water  high 
up  in  the  same  stream  through  crevices  in  the  quartzite.  Another 
fine  spring,  one  of  the  best  examples  of  this  class,  is  found  in  the 
northeast  corner  of  sec.  27,  T.  104  X.,  R.  60  W.,  on  the  east  side  of 
James  River.  It  is  a  circular  basin  about  30  feet  across,  in  the  flood 
plain  of  James  River.  Its  depth  has  not  been  determined,  but  it 
keeps  flowing  a  stream  4  or  5  feet  wide  and  3  to  6  inches  deep. 

Subterranean  Waters. . 
WELLS. 

Reference  has  been  made  already  in  the  discussion  of  surface  waters 
to  the  close  connection  between  water  holes  along  watercourses  and 
the  motion  of  waters  near  the  surface  in  old  channels  and  in  the  upper 
part  of  the  till.  Thus  far  natural  waters  only  have  been  discussed. 
We  will  now  consider  those  obtained  artificially.  Wells  may  be  con- 
veniently classified  into  shallow  wells,  pump  wells,  and  artesian  wells. 

SHALLOW  WELLS. 

This  term  includes  wells  supplied  from  waters  which  have  recently 
fallen  upon  the  surface  and  which  can  be  obtained  without  penetrat- 
ing any  impervious  layer.  Such  wells  are  easily  obtained  closely 
adjacent  to  any  of  the  present  watercourses,  whether  these  contaiu 
any  standing  water  upon  the  surface  or  not.  They  may  be  found 
also  frequently  in  the  vicinity  of  basins,  especially  after  a  wet  sea- 
son. Such  wells  in  this  area  may  obtain  water  at  a  depth  of  10  to 
30  feet,  but  do  not  afford  a  copious  or  permanent  supply  except 
when  located  near  the  bottom  of  a  large  depression  or  near  a  channel 
draining  a  considerable  area.  The  reason  for  this  is  obvious,  since 
the  water  comes  from  the  rainfall  only  and  the  region  is  subject  to 
long- continued  droughts.  Of  this  class  only  those  can  be  counted 
upon  as  a  permanent  supply  which  are  so  situated  as  to  draw  from  a 
large  catchment  basin.  In  digging  such  wells,  if  no  water  is  reached 
before  the  blue  bowlder  clay  is  struck,  none  will  be  found  until  the 
clay  is  passed  through. 

As  regards  the  area  under  consideration,  it  may  be  suggested  by 
what  has  already  been  stated  that  extensive  areas  where  shallow  wells 
are  permanent  may  be  found  in  connection  with  the  flat  areas  about 
Huron  and  Woonsocket.  In  the  sand  of  the  Woonsocket  basin  co- 
pious wells  are  found  in  the  eastern  and  southern  part,  west  of  Sand 
Creek,  at  a  depth  of  10  to  20  feet.     So,  also,  north  and  northwest  of 
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Huron,  in  the  vicinity  of  the  broad,  meandering  channels,  abundant 
wat-er  is  found,  except  in  very  dry  seasons,  by  digging  10  or  15  feet. 
In  the  area  southwest  of  Huron,  where  the  stratum  of  sand  is  found 
about  80  feet  below  the  surface,  permanent  wells  occur,  which  may  be 
considered  as  belonging  to  this  class.  They  are  from  30  to  36  feet 
deep. 

PUMP  WELLS. 

Under  this  head  we  include  the  deep  wells  in  which  a  tubular  or 
force  pump  is  often  necessar>%  or  where  the  water  supply  is  reached 
only  after  passing  through  an  impervious  layer.  Three  distinct  geo- 
logic horizons  supply  such  water  in  this  area,  particularly  in  the 
northern  part- — viz,  (1)  the  sands  below  the  till;  (2)  either  a  porous 
stratum  or  crevices,  probably  in  the  chalk,  and  (3),  of  most  impor- 
tance, the  sandstone  below  the  chalk,  which  is  the  first  regular  water- 
bearing stratum  of  the  Benton-Dakota  series. 

As  before  explained,  there  is  usually  below  the  till  a  stratum  of 
sand  or  gravel.  This  is  also  commonly  filled  with  water.  As  soon, 
therefore,  as  the  till  has  been  drilled  through  at  ordinary  level,  the 
water  rises  several  feet,  sometimes  very  nearly  to  the  surface.  The 
water  from  this  source  is  heavily  charged  with  lime,  and  sometimes 
with  iron.  It  is  commonly  cool  and  wholesome.  In  some  regions, 
however,  either  at  first  or  soon  after  the  well  is  dug,  the  water  becomes 
so  impregnated  with  the  soluble  salts  which  abound  in  the  bowlder 
clay  that  it  becomes  offensive  and  sometimes  injurious.  This  has 
been  especially  true  of  the  wells  in  the  plains  west  and  north  of  Woon- 
socket.  It  has  not  been  ascertained  whether  this  is  due  to  the  abun- 
dance of  mineral  salts  accumulated  in  this  basin  before  the  deposition 
of  the  till  or  to  organic  matter  deposited  there,  or  whether  it  is  due  to 
the  water  standing  in  the  till  after  the  well  is  dug.  Similar  cases 
are  reported  occasionally  from  other  places. 

A  few  localities  of  limited  area  have  failed  to  furnish  water  from 
this  horizon.  It  may  be  supposed  that  they  occur  where  the  original 
surface  of  Pierre  and  Benton  clay  was  so  elevated  that  it  was  not  sub- 
merged by  the  waters  attending  the  advance  of  the  ice  sheet,  so  that 
the  till  was  dejwsited  in  close  contact  with  the  Cretaceous  clay.  Such 
a  locality  as  this  is  reported  from  sec.  24,  T.  110  N. ,  R.  64  W.  Another 
is  near  the  southwest  corner  of  sec.  31,  T.  112  N.,  R.  63  W.,  and 
doubtless  others  occur,  but  they  are  not  so  frequently  reported  since 
more  desirable  horizons  have  been  discovered,  and  this  one  is  less 
relied  upon. 

Similar  failure  to  find  water  occurs  over  the  chalkstone,  where  it 
lies  so  high  that  the  water  has  drained  away  to  the  surface,  as  south- 
west and  south  of  Mitchell.  On  the  other  hand,  in  certain  areas  the 
water  in  this  horizon  is  under  such  pressure  that  it  produces  valuable 
flowing  wells.  Such  an  area  begins  in  the  southern  part  of  Floyd 
Township  (T.  108  N.,  R.  60  W.)  and  extends  southeast  past  Artesian, 
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vhich  place  derives  its  name  from  the  early  discovery  of  this  fact. 
Here  the  flowing  water  is  obtained  by  simply  penetrating  the  till.  In 
Piano  Township  (T.  104  N.,  R.  59  W.),  also  water  is  obtained  from 
beneath  the  till,  but  it  is  probably  derived  from  the  upper  Benton 
sandstone  beneath. 

In  the  northern  part  of  the  area  another  horizon  is  much  relied  upon 
for  furnishing  pump  wells.  It  seems  to  lie  in  the  shales  above  or 
beyond  the  chalks  tone,  but  this  has  not  been  clearly  proved.  East 
and  southeast  of  Huron  it  lies  at  a  depth  of  115  to  175  feet,  the  depth 
increasing  toward  the  north,  but  it  seems  to  lack  the  regularity  of 
most  water  strata.  Some  of  the  shallower  so  ft- water  wells  about 
Plankinton  are  from  this  horizon  rather  than  from  the  sandstone  a 
little  below.  These  wells  may  be  due  to  crevices  in  the  shale  or  chalk- 
stone  which  supply  water  from  more  extensive  horizons  lower  down. 
The  water  from  this  source  is  commonly  spoken  of  as  from  the  "soap- 
stone,"  and  is  soft. 

The  third  and  most  important  pump- well  horizon  is  in  the  wide- 
spread sandstone  at  or  near  the  top  of  the  Benton  formation,  which 
throughout  this  area  seems  to  lie  just  below  the  chalk,  but  south  of 
the  latitude  of  Mitchell  a  mass  of  clav  or  shale  is  found  between  the 
chalk  and  the  water  stratum.  In  some  localities  this  sandstone  fur- 
nishes flowing  wells,  particularly  in  the  trough  of  James  River,  and 
along  the  valley  of  Firesteel,  Enemy,  and  possibly  Twelvemile 
Creek,  except  where  the  altitude  of  the  land  is  too  high  for  the  water 
to  come  to  the  surface.  Here  again  there  is  an  irregularity,  especiall3' 
in  the  northern  part  of  Sanborn  County,  for  the  watera  seem  in 
soiQC  cases  to  have  escai)ed  upward  into  the  chalkstone,  so  that  in 
many  localities  water  appears  as  soon  as  the  chalkstone  is  reached. 
Some  well  drillers  have  the  idea  that  the  chalkstone  alternates 
with  the  sandstone  in  the  same  horizon,  and  where  the  chalkstone 
is  present  the  sandstone  is  either  absent  or  reduced  to  an  insignifi- 
cant thickness.  This  opinion  has  gained  some  strength  from  the 
observed  relation  of  the  chalkstone  to  the  sandstone  where  it  is 
exposed  along  Firesteel  Creek;  but  it  is  probable  that  the  sandstone 
extends  underneath  the  whole,  but  with  unequal  thickness,  and  that 
the  chalkstone  lies  in  the  depressions  of  its  upper  surface,  and  wher- 
ever it  is  not  too  much  permeated  with  clay  it  becomes  a  medium  of 
water  distribution  from  the  sandstone,  which  is  the  main  course  of 
the  water. 

The  waters  from  this  horizon  are  universally,  so  far  as  known, 
soft — i.  e.,  the  mineral  salts  dissolved  are  those  of  soda,  which  do  not 
interfere  with  the  use  of  soap.  The  water  is  also  more  palatable  than 
that  from  the  lower  horizons  of  the  Benton  or  Dakota.  It  supplies 
what  are  known  as  **  soft- water  wells"  throughout  this  area,  except  in 
the  more  elevated  portions,  where  it  lies  so  deep  that  few  have  sunk 
wells  to  it.     Moreover,  the  pressure  in  it  would  only  be  suflScient  to 
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raise  the  water  to  from  200  to  300  feet  below  the  surface  in  the  ele- 
vated region  around  De  Smet.  Furthermore,  in  the  southeastern  part 
of  this  area,  which  is  underlain  by  quartzite  near  the  surface,  this 
water  horizon  has  not  been  recognized,  probably  owing  to  the  fact  that 
the  stratum  is  absent,  or  is  so  confused  with  the  sand  below  the  till 
that  it  is  not  distinguished  from  the  higher  horizons  underneath  the 
drift. 

It  has  been  already  noted  that  the  same  horizon  furnishes  flowing 
wells  in  one  locality  and  valuable  pump  wells  in  another.  It  follows 
from  this  tliat  some  of  the  horizons,  which  are  discussed  more  fully 
under  artesian  wells,  are  really  a  source  of  pump  wells  in  the  more 
elevated  portions  of  the  area.  For  example,  the  main  stratum  fur- 
nishing artesian  water  in  James  River  Valley  may  furnish  an  unfail- 
ing source  for  pumping  beyond  the  limits  of  the  artesian  area 
indicated  upon  the  map. 

ARTESIAN  WELLS. 

There  have  been  considered  water  horizons  as  deep  as  the  first  one 
below  the  chalkstone,  which  is  referred  to  the  top  of  the  Benton 
formation.  Attention  has  been  called  also  to  the  fact  that  this  and 
the  higher  strata  furnish  artesian  wells  in  certain  narrow  limits.  In 
the  further  discussion  under  this  head  mention  is  made  particularly 
of  water  strata  lower  down  having  such  pressure  that  they  are  the 
source  of  artesian  wells  over  extensive  portions  of  this  area,  in  fact, 
over  most  of  the  area. 

The  character  of  the  Dakota  formation  has  been  discussed  already, 
but  perhax>s  the  fact  has  not  been  emphasized  sufficiently  that  the 
different  strata  of  sand  often  are  independent  of  one  another.  This 
is  mainly  indicated  by  the  usually  well-marked  difference  in  pressure. 
For  example,  in  the  same  well,  one  stratum  may  sustain  a  closed 
pressure  of  75  pounds  to  the  inch  and  another  below  it,  separated 
from  it  by  15  or  20  feet  of  shale,  or  sometimes  even  by  a  less  thick- 
ness of  hard  rock,  may  furnish  a  pressure  of  more  than  100  pounds. 
Moreover,  there  are  differences  in  the  character  of  the  water  of 
different  strata. 

The  second  sand  stratum  in  the  Benton  formation  furnishes  numer- 
ous wells  from  250  to  500  feet  deep  in  western  Hanson  County  and 
Davison  County,  and  the  same  horizon  may  be  traced  throughout 
the  northern  portion  of  this  area,  but  it  becomes  so  thin  and  the 
water  furnished  so  meager  that  it  is  usually  overlooked  or  cased  off. 
Its  depth  is  about  500  feet  at  Huron,  600  near  the  southeast  corner  of 
Beadle  County,  about  350  feet  in  the  region  about  T.  101  N.,  R.  64  W., 
although  it  is  now  usually  neglected  except  in  Davison  and  Hanson 
counties,  where  its  supply  is  more  copious.  It  nevertheless  has  good 
pressure,  that  may  in  years  to  come  afford  a  supply  when  some  of  the 
strata,  which  are  now  more  drawn  upon  have  become  exhausted. 
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The  next  horizon  is  the  Dakota  sandstone,  which  is  mainly  relied 
upon  for  the  more  copious  wells  throughout  the  whole  area.  The 
larger  wells  are  nearly  all  supplied  from  this  horizon.  In  order  to 
obtain  the  largest  amount  of  water,  it  is  customary  to  penetrate  deep 
iato  this  formation,  so  as  to  gain  the  combined  flow  from  several  sand- 
stones. The  water  is  usually  hard,  but  suitable  for  all  farm  and 
household  purposes.  It  is  also  used  for  supplying  cities,  not  only  for 
domestic  purposes  but  for  fire  x>rotection.  In  some  cases  the  pressure 
is  sufficient  for  fire  protection,  for  instance,  at  Huron  and  Woon- 
socket.  The  depth  at  which  this  horizon  is  struck,  of  course,  depends 
in  part  upon  the  altitude  of  the  surface  and  in  part  on  the  depth  of 
the  beds.  The  stratum  lies  higher  in  the  vicinity  of  the  quartzit-e 
ridge  and  lower  toward  the  north,  so  that  it  is  reached  at  about  750 
feet  at  Huron,  at  about  650  at  Woonsocket,  at  about  850  at  Ii'oquois, 
at  about  GOO  at  Artesian,  at  about  900  near  Manchester,  at  about  450 
at  Mitchell,  and  546  at  Plankinton.  The  depths  to  the  principal  flow 
are  shown  on  PI.  I. 

Lower  horizons  of  Dakota  sandstone  supply  the  Melville,  Rivei-side, 
Wolsey,  Plankinton,  and  T.  O.  Storla  wells,  and  the  lowest  sandstones 
supply  some  wells  in  the  vicinity  of  Huron,  as  the  Risdon  and  the 
new  city  well,  which  reach  a  stratum  lying  immediately  above  the 
b'fd  rock.  The  extent  of  the  lowest  stratum  has  not  been  widely 
explored.  It  is  absent  in  the  southeastern  portion  of  the  region,  con- 
tiguous to  the  high  underground  ridge  of  quartzite. 

Pressure, — In  general  the  pressure  inci^eases  downward  in  the  dif- 
ferent flows.  This  is  what  might  be  expected,  mainly  because  of  le«s 
chance  for  leakage  from  these  beds  along  the  eastern  margin  of  the 
basin.  The  lower  water-bearing  strata  may  be  supposed  to  reach  to  a 
higher  altitude,  .*ilong  the  intake  zone  in  the  Rocky  Mountains  and 
Black  Hills,  which  would  give  a  higher  initial  head,  but  so  slight  a 
difference  would  be  lost  in  the  great  general  loss  of  head  eastward. 
The  lower  beds  also  have  the  first  chance  to  become  filled  by  the 
surface  waters,  for  they  lie  farthest  back  on  the  mountain  slopes. 
The  pressures  of  the  wells  over  much  of  this  area  have  not  been  satis- 
factorily obtained.  The  reasons  for  this  are  several.  The  first  pres- 
sures, or  those  of  the  first  wells  opened,  were  much  higher  than  any 
that  can  be  obtained  at  j^resent,  at  least  without  closing  all  other 
wells  in  the  vicinity,  which  is  impracticable.  For  example,  at  Huron 
the  pressure  first  reported,  and  this  is  believed  to  have  been  from 
the  first  main  flow,  was  120  pounds,  but  at  present  from  none  of  the 
wells  of  the  city  can  a  pressure  of  more  than  70  i)ounds  be  obtained. 
Another  difficulty  is  that  many  of  the  wells  have  been  finished  in 
such  a  way  that  it  is  impracticable  to  apply  a  gage  at  the  present 
time.  On  account  of  corrosion  of  the  pii)es  the  older  wells  can  not 
safely  be  closed  to  obtain  pressure.  Another  source  of  error  comes 
from  imperfect  casing  in  the  well,  so  that  it  is  impossible  really  to 
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close  the  well  becanse  of  undei^round  leakage.  This  applies  either 
in  taking  the  closed  pressure  with  a  gage  or  the  pressure  by  allow- 
ing the  water  to  rise  in  the  standpipe.  On  the  artesian  map  (PI.  I) 
the  pressures,  where 'determined,  have  been  recorded  by  stating  the 
number  of  feet  above  sea  level  to  whicli  the  water  would  rise.  There 
are  also  drawn  upon  the  map  contour  lines  which  bring  out  graphic- 
ally the  slope  of  pressure  or  hydraulic  gradient  of  the  first  main  flow 
or  the  third  water  stratum  below  the  chalk.  This  will  be  found  not 
to  agree  with  all  of  the  closed  pressures  recorded,  for  some  of  them 
are  from  other  horizons. 

From  a  study  of  these  contours  it  would  be  seen  that  the  pressure 
diminishes  toward  the  margin  of  the  artesian  area  in  all  cases,  but 
Y  ith  a  complexity  which  is  difficult  to  express  in  language.  For  exam- 
ple, the  slope  of  pressure  in  the  southwestern  part  is  toward  the  north- 
east. In  the  northern  part  of  Hanson  County  it  is  toward  the  south. 
It  will  be  noticed  also  that  although  the  pressure  diminishes  mainly 
toward  the  east  from  Huron  eastward  there  is  a  slight  increase  of 
pressure.  This  may  at  first  be  thought  difficult  of  explanation,  but 
when  we  remember  that  several  large  wells  have  been  flowing  in  James 
River  Valley,  supplied  from  this  source,  for  several  years,  we  may 
explain  the  apparent  anomaly  by  considering  an  extension  of  this 
local  exhaustion  so  as  to  affect  the  area  farther  east.  Moreover,  since 
in  the  highlands,  awa}"  from  the  larger  streams,  we  may  suppose  the 
leakage  from  the  different  water-bearing  strata  is  much  less  than  in 
James  River  Valley,  and  that  the  region  east  of  that  stream  may  be 
supplied  from  the  north,  we  have  further  light  ujwn  the  subject. 

Limits  of  the  artesian  area.. — The  limit  of  the  artesian  area,  as  drawn 
on  the  artesian  map,  is  estimated  from  the  closed  pressure  observed 
in  the  few  wells  near  it,  and  as  these  aro  lacking  toward  the  south  the 
limit  there  is  less  reliable.  Moreover,  the  pressure  mapped  by  con- 
tours and  u.sed  in  making  the  estimate  is  that  of  the  first  main  flow  or 
the  third  water  stratum  below  the  chalk.  It  is  probable  that  from 
lower  strata,  which  very  possibly  underlie  Miner  County,  a  some- 
what higher  pressure  may  be  obtained.  If  so,  the  limit  will  be  corre- 
spondingly shifted  toward  the  east.  It  is  not  probable,  however,  that 
the  area  will  be  much  increased  from  this  cause.  The  pressure  of  the 
Risdon  well  was  165  pounds  when  the  city  well  of  Huron  was  120.. 
That  difference  would  be  equivalent  to  an  altitude  of  104  feet,  but  the 
difference  of  pressure  would  doubtless  be  much  less  near  the  margin. 

It  should  be  remembered  that  the  limit  in  this  area  from  the  north 
line  to  the  south  line  of  Miner  County  is  due  to  lack  of  pressure,  not 
to  the  absence  underneath  of  the  water-bearing  strata.  Hence,  deep 
pump  wells  may  draw  from  the  artesian  supply  eastward  to  an  indefi- 
nite distance.  In  the  counties  farther  south,  however,  the  water  strata, 
excepting  one  or  two  of  the  upper  ones,  are  lacking.  Moreover,  the 
latter  merge  into  the  sand  under  the  till,  so  that  the  waters  are  quite 
different  in  charactei. 
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Causes  of  apparent  decline  in  pressure, — It  is  now  generally  admit- 
ted not  only  that  the  copiousness  of  the  flow  of  wells  diminishes, 
but  also  that  their  closed  pressure  declines.  This  becomes  evident 
without  the  use  of  instruments;  first,  the  distance  to  which  the  water 
is  thrown  from  a  horizontal  pipe  grows  shorter;  then,  after  a  time, 
the  stream,  which  first  filled  the  pipe,  fails  to  completely  fill  it. 
In  some  cases  a  test  with  a  gage  shows  merely  a  decline  in  copious- 
ness without  material  decline  in  pressure.  It  may  be  accounted  for 
by  the  deposition  of  mineral  matter  about  the  bottom  of  the  pipe  in 
such  a  way  as  to  clog  the  pores  of  the  sand  through  which  the  water 
comes,  but  more  commonly  the  pressure  has  been  found  really  to 
diminish.  Thus  in  the  wells  at  Huron  some  that  once  showed  a  pres- 
sure of  120  pounds  when  closed  now  fail  to  reach  80.  Similar  facts 
have  been  reported  from  Mitchell,  Mount  Vernon,  and  Plankinton. 

The  unwelcome  conclusion  impressed  by  these  facts  has  led  many 
to  search  for  reasons  other  than  the  one  first  suggested,  viz.,  the  imr- 
tial  exhaustion  of  the  artesian  supply.  It  is  claimed,  and  apparent  1}' 
subst-antiated  by  facts,  that  new  wells  frequently  have  a  pressure 
equal  to  that  of  early  wells  supplied  from  the  same  source.  Since  the 
closed  pressures,  however,  are  less  frequently  taken  than  formerly, 
and  from  the  nature  of  the  case  liberal  margins  are  sometimes  made 
for  leakage,  it  is  difficult  to  prove  the  strict  truth  of  this  statement. 

The  first  cause  of  apparent  decline  is  a  less  copious  fiow,  occur- 
ring either,  at  first,  when  a  new  well  taps  the  same  water-bearing 
sandstone,  or  by  the  clogging  of  a  well  that  once  flowed  freely.  The 
former  case  may  result  from  the  fine  character  of  material  or  the  thin- 
ness of  the  water-bearing  stratum  where  penetrated;  but  the  more 
significant  examples  are  those  which  may  result  from  the  clogging  of 
the  well.  As  wells  are  usually  finished  by  extending  the  pipe  into  the 
water-bearing  rock  and  perforating  it  as  high  up  as  that  formation 
extends,  it  will  be  readily  seen  that  the  surface  opened  for  the  delivery 
of  water  to  the  well  is  equal  to  the  whole  perforated  portion  of  the 
pipe.  As  the  water  continues  to  flow,  sand  will  gi*adually  accumulate 
on  the  inside  of  the  pipe,  and  so  gradually  diminish  the  surface  sup- 
plying water  to  the  well.  Something  of  the  same  sort  may  less  fre- 
quently occur  even  when  tiie  pipe  terminates  in  the  cap  rock.  As 
time  passes,  sand  gradually  works  in  from  the  sides,  and  portions  of 
the  cap  rock  are  undermined  and  dropped  down,  so  that  in  such  cases 
the  free  access  of  the  water  is  considerably  checked. 

Theoretically  the  closed  pressure  would  be  the  same  whether  the 
well  is  flowing  freely  or  not  so  long  as  the  head  of  the  water  is  the 
same.  If  the  well  becomes  clogged,  as  suggested  above,  the  only  dif- 
ference in  pressure  would  be  that  when  a  gage  is  attached  it  takes 
longer  to  reach  a  maximum  point.  As  this  rise  may  be  very  gradual, 
some  errors  of  reading  have  doubtless  resulted  because  the  observers 
did  not  wait  long  enough. 

Another  cause  of  diminished  pressure  is  leakage.     This  may  be 
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either  visible  from  the  imperfect  closing  of  the  pipe  or  it  may  be 
invisible  below  the  surface  of  the  ground.  As  is  well  known,  pipes 
deteriorate  rapidly  under  the  influence  of  most  artesian  waters,  and 
it  becomes  almost  impossible  to  close  the  joints  perfectly.  Where 
there  is  a  considerable  extent  of  piping,  as  in  the  distributing  pii>es 
of  a  city,  all  joints  are  not  certain  to  be  stopped.  Hence  this  may 
explain  sometimes  the  apparently  diminished  pressure  in  older  wells. 

The  diminished  pressure  in  a  particular  well  may  sometimes  result 
from  the  opening  of  another  well  not  far  away.  The  distance  to 
which  this  influence  may  extend  will,  of  course,  be  greater  where  the 
water-bearing  stratum  is  of  coarse  texture,  and  therefore  the  usual 
supply  of  water  more  free. 

In  cases  where  water  has  been  drawn  f I'eely  from  several  wells,  or 
even  from  one  large  well,  there  is  no  doubt  a  local  depression  in  the 
head  or  lowering  of  pressure,  which  will  take  considerable  time  to 
restore.  This  might  occur  and  yet  cause  no  permanent  decline  of 
supply. 

Notwithstanding  all  the  considerations  offered  thus  far,- it  seems  not 
nnlikely  that  the  rapid  multiplication  of  wells  in  a  region  may  really 
reduce  the  pressure  over  the  whole  region  to  the  amount  of  a  few 
pounds.  It  is  therefore  important  that  facts  should  be  collected  and 
sifted  to  ascertain  whether  this  is  the  case,  and  if  so,  the  amount  of 
diminution.  In  view  of  such  a  possibility  of  overtaxing  the  supply 
it  would  seem  desirable  to  limit  in  some  way  the  number  of  large 
wells  allowed  to  flow  freely.  A  single  1,000-gallon  a  minute  well 
would  be  sufficient  to  supply  450  wells  furnishing  100  barrels  a  day, 
which  would  be  an  adequate  supply  for  an  ordinary  farm. 

Closing  of  weUs. — Much  damage  is  sometimes  done  by  the  free  run- 
ning of  wells.  In  some  cases  large-  wells  have  been  drilled  with  the 
intention  of  irrigating,  and  sufficient  rainfall  for  a  series  of  years  has 
rendered  that  unnecessary.  The  water  from  such  wells  has  been 
allowed  to  run  to  waste,  thereby  drawing  unnecessarily  upon  the 
general  supply.  Moreover,  it  has  often  rendered  considerable  land 
in  the  vicinity  unproductive.  The  practice,  therefore,  of  closing  wells 
when  not  needed  should  be  recommended.  The  only  objection  to 
this  is  the  possibility  that  wells  when  closed  will  become  clogged. 
This  danger  may  be  avoided  by  the  gradual  closing  of  a  well,  even 
when  it  is  known  to  carry  some  sediment.  When  the  water  runs 
clear,  and  especially  where  the  well  has  never  thrown  sand,  thene  is 
very  little  danger.  Some  large  wells  made  to  furnish  power  are 
habitually  kept  closed  when  not  in  use  without  serious  injury.  In 
ease  a  well  does  become  clogged  by  the  settling  of  sand  it  may  often 
be  opened  by  letting  down  an  iron  rod  and  churning  it  up  and. down 
until  the  flow  is  started. 

To  avoid  producing  too  sudden  changes  in  the  flow,  which  may 

produce  injurious  effects  at  the  bottom  of  the  well,  the  opening  and 

closing  should  be  done  gradually. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Washingtany  D.  C.y  October  8,  190S. 

Sir:  I  have  the  honor  to  transmit  herewith  a  mannscript  for  a 
Water-Supply  paper  treating  of  the  four  principal  drainage  areas  of 
the  State  of  Ohio  and  describing  the  economic  development  that  has 
taken  place  within  each. 

The  greater  part  of  this  manuscript  was  written  by  the  late  Benja- 
min H.  Flynn,  who  for  some  years  prior  to  his  death  was  employed 
by  the  United  States  Geological  Survey  as  field  assistant  in  charge  of 
stream  measurements  in  the  State  of  Ohio.  After  the  death  of  Mr. 
Flynn  the  manuscript  was  completed  by  his  widow,  Margaret  S. 
Flynn,  who  for  several  years  had  taken  an  active  part  in  his  pro- 
fessional work,  especially  in  connection  >vith  his  duties  as  engineer 
for  the  Ohio  State  board  of  health. 

This  paper  treats  of  the  natural  features  and  development  of  the 
areas  drained  by  the  Maumee,  Sandusky,  Miami,  and  Muskingum 
rivers  and  contains  valuable  data  with  reference  to  the  flow  of  these 
streams  and  the  natural  advantages  they  offer  with  reference  to  water 
power  and  domestic  water  supply.  Of  particular  interest  is  that  part 
of  the  paper  which  deals  with  the  early  history  of  the  water  powers, 
their  general  relation  to  the  canal  systems  of  Ohio,  and  the  decline  in 
value  that  has  taken  place  since  the  establishment  of  modern  methods 
of  manufacturing,  trade,  and  transportation. 

The  chapter  dealing  with  public  water  supplies  comprises  unusually 
complete  information  with  reference  to  the  sources,  equipment,  and 
value  of  the  systems  that  were  installed  during  the  latter  part  of  the 
last  century. 

This  paper  is  one  of  a  proposed  series  dealing  with  hydrographic 

matt-ers  in  the  several  States  of  the  Union  and  showing  the  advantages 

that  the  various  river  systems  offer  and  the  manner  in  which  they 

have  been  developed,  from  an  economic  standpoint. 

Very  resi)ectf  uUy, 

F.  H.  Nevtbll, 

Chief  Engineer, 

Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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THE  NATURAL  FEATURES  AND  ECONOMIC  DEVEL 
OPMENT  OF  THE  SANDUSKY,  MAUMEE,  MUSKIN 
GUM,  AND  MIAMI  DRAINAGE  AREAS  IN  OHIO. 


By  Benjamin  H.  Fltnn  and  Margaret  S.  Fltnn. 


ENTBODUCTION. 

The  data  for  the  following  pai>er  were  gathered  during  what  might 
be  called  a  sanitary  survey  of  the  drainage  areas  of  Ohio  rivers,  made 
for  the  State  board  of  health.  In  the  original  reports  of  this  work  an 
attempt  was  made  to  give  complete  information  regarding  the  sani- 
tary condition  of  these  areas,  but  little  was  said  concerning  the  hydrog- 
raphy except  in  connection  with  public  water  supplies.  This  state- 
ment applies  especially  to  the  Sandusky  and  Maumee  basins,  as  they 
were  taken  up  first,  and  data  concerning  the  water  resources  could 
receive  but  little  attention,  owing  to  the  extra  time  required  to  plan 
the  work.  In  connection  with  the  work  in  the  Muskingum  and  Miami 
basins,  during  the  next  two  years,  more  attention  was  paid  to  the 
gathering  of  this  information,  though  it  was,  of  necessity,  subordinate 
to  the  sanitary  survey. 

The  Sandnsky  and  Maumee  drainage  areas  were  inspected  during 
the  latter  half  of  1898,  the  Muskingum  in  1899,  and  the  Miamis  in  1900. 
In  the  summer  of  1903  letters  were  sent  out  to  various  cities  and  vil- 
lages asking  for  information  in  regard  to  certain  statistics  which  are 
subject  to  variation.  From  the  mass  of  details  in  the  original  reports 
and  from  these  letters  there  have  been  assembled  fairly  complete  data 
concerning  the  hydrography  of  these  areas,  so  far  as  this  is  given, 
and  the  more  salient  facts  concerning  their  sanitary  condition. 

GENEBAIi  DESCRIPTION  OF  DRAINAGE  AREAS. 

Four  separate  drainage  areas  are  described  in  this  report — the 
Sandusky,  the  Maumee,  the  Maskingum,  and  the  Great  and  the  Little 
Miami.**    Their  general  locations  are  shown  in  fig.  1. 

LOCATION. 

The  Sandusky  basin  is  situated  in  the  central  part  of  the  northern 
half  of  the  State,  and  its  waters  drain  to  Sandusky  Bay,  an  arm  of 
Lake  Erie.     The  Maumee  basin  occupies  the  northwest  corner  of 


«  For  general  purpoaes  the  Miami  and  Little  Miami  drainage  basins  may  be  treated  as  one  area. 
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Ohio  and  small  portions  of  the  adjacent  States  of  Indiana  and 
Michigan,  and  its  waters  empty  into  Maumee  Bay,  at  the  western  end 
of  Lake  Erie.  The  Muskingum  basin  occupies  a  large  section  of  the 
eastern  part  of  the  State  south  of  the  Lake  Erie  drainage  divide,  and 
its  run-off  is  to  Ohio  River.  The  Miami  basins  occupy  a  large  i>ortion 
of  the  southwestern  part  of  Ohio  and  a  considerable  area  of  the  south- 
eastern part  of  Indiana.     The  Little  Miami  basin  lies  east  and  south 


Fio.  1.— Map  of  Ohio,  showing  drainage  hasins. 

of  that  of  the  Great  Miami  and  west  of  the  basin  of  Scioto  River. 
The  waters  from  its  southern  border  are  carried  by  short,  turbulent 
creeks  directly  to  the  Ohio. 

AREA. 

In  point  of  size  the  Muskingum  ranks  first,  with  an  area  of  7,797 
square  miles,  nearly  one-fifth  of  the  area  of  the  State.  The  Maumee 
is  next  in  size,  with  an  area  of  6,344  square  miles,  of  which  4,702 
square  miles  are  in  Ohio,  1,303  in  Indiana,  and  339  in  Michigan.  The 
total  area  of  the  Great  Miami  basin  is  5,247  square  miles,  of  which 
1,355  square  miles  are  in  Indiana  and  the  remainder  in  Ohio.  The 
Little  Miami  basin  has  an  area  of  1,709  square  miles,  all  of  which  is 
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in  Ohio.  The  Sandusky  basin  has  an  area  of  1,681  square  miles, 
being  almost  exactly  one-fourth  i\B  large  as  the  Maumee.  These  areas 
were  computed  with  a  planimeter  from  the  best  available  map  of  the 
State  and  are  fairly  accurate. 

POPULATION. 

According  to  the  Twelfth  Census,  the  population  of  the  Sandusky 
drainage  area  is  126,591,  of  which  49,370  may  be  considered  as  urban 
and  the  remainder,  77,221,  as  rural.  In  explanation  of  these  terms, 
it  may  be  said  that  all  cities  or  villages  with  an  estimated  population 
of  1,000  or  more  are  classed  as  urban,  while  those  below  this  figure 
are  included  with  the  rural  xx)pulation.  This  low  figure  is  assumed 
in  order  to  bring  into  the  urban  classes  all  the  towns  that  have 
public  water  supplies  or  sewerage  systems  and  to  keep  in  the  rural 
class  all  the  villages  not  so  provided. 

On  a  similar  basis  of  classification  the  Maumee  basin  is  estimated 
to  have  a  total  population  of  640,128,  of  which  339,268  are  classed  as 
urban  and  the  remainder,  300,860,  as  rural.  Of  the  above  total  pop- 
ulation, Ohio  has  478,078;  Indiana,  141,899,  and  Michigan,  20,151. 
The  total  population  of  the  Great  Miami  basin  is  520,698,  of  which 
258,859  are  classed  as  urban  and  261,839  as  rural.  Of  the  total  popu- 
lation, 89,814  are  in  Indiana,  divided  as  follows:  Urban,  32,062,  and 
rural,  57,752.  The  total  population  of  the  Little  Miami  basin  is 
120,959,  of  which  39,645  are  urban  and  81,314  rural.  The  Muskingum 
basin  has  a  total  x>opulation  of  612,784,  of  which  229,794  are  urban 
and  382,990  rural. 

The  following  statement  shows  the  population  per  square  mile  of 
each  district: 

Population  per  square  mile  of  drainage  basins  of  Ohio  streams. 


Rvral. 

Urban. 

Total. 

^^anftasky    , , , „ 

49 
47 

53. 6 
47.6 
49 

31 
53 
59. 5 
23.2 
29 

80 

M^Ttmee                                                                                      

100 

Great  Miami 

113.1 

T^ittilft  "MiftTni 

70.8 

MnHViTifrnTn                    ...,.„_., 

78 

Ayeraee _ - 

49 

39 

88 

In  the  small  area  of  216  square  miles  lying  between  the  two  Miami 
basins  and  tributary  to  Mill  Creek  and  to  Ohio  River  there  is  a  total 
population  of  375,571,  of  which  350,894  are  urban  and  24,677  rural. 
This  gives  an  average  population  per  square  mile  of  1,739.  A  large 
part  of  this  area  is  occupied  by  the  city  of  Cincinnati,  which  accounts 
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for  the  unusually  large  urban  population,  amounting  to  1,625  per 
square  mile,  against  114  per  square  mile  of  rural. 

The  slight  excess  in  the  average  of  the  rural  population  of  the 
Muskingum  basin  is  due  principally  to  the  large  number  of  small  min- 
ing settlements  scattered  over  the  coal  regions  of  that  basin.  Its 
agricultural  population  in  much  of  its  area  is  probably  below  the 
average,  but  the  latter  is  brought  up  by  the  mining  communities. 

TOPOGRAPHY  AND  SOILS. 

In  general  topography  the  Sandusky  and  Maumee  are  much  the 
same.  Both  lie  in  glaciated  areas  and  have  the  level  plains  and  roll- 
ing elevations  characteristic  of  such  districts.  The  Sandusky  basin 
is  generally  more  rolling  than  the  Maumee,  especially  the  Ohio  portion 
of  that  area.  The  large  central  area  of  the  Maumee  basin  is  taken  up 
by  a  fertile,  level  plain,  while  the  outer  edges  of  this  fan-shaped  dis- 
trict are  more  hilly,  especially  to  the  north  and  west. 

The  Sandusky  drainage  area  consists  of  ordinary  agricultural  land 
interspersed  with  small  patches  of  timber.  There  is  practically  no 
waste  land  in  the  whole  district,  except  a  small  marshy  area  around 
the  mouth  of  the  stream.  Corn  and  wheat  form  the  staple  crops,  with 
the  usual  admixture  of  hay  and  oats. 

In  the  Maumee  basin  agriculture  is  not  so  far  advanced  and  there 
are  large  tracts  of  land  still  covered  with  brush  and  shrubbery,  but 
little  good  timber  remaining.  The  extensive  hard- wood  forests  of  this 
region  were  a  profitable  field  for  the  operation  of  stave  and  heading 
factories,  and  as  a  result  of  the  extent  to  which  these  industries  were 
carried  on  there  is  now  much  waste  land  here.  In  the  cleared  areas 
of  the  central  and  southern  portions  of  this  area  corn  is  the  staple  and 
almost  the  only  crop,  but  farther  north  the  dairy  and  stock-raising 
interests  are  large  and  much  land  is  kept  in  pasture,  with  a  good  per 
cent  under  cultivation  for  feed. 

With  reference  to  surface  configuration,  the  Miami  basins  occupy  a 
place  between  the  Maumee  and  Sandusky  basins  on  one  hand  and  the 
Muskingum  on  the  other.  In  this  district  there  are  greater  extremes 
of  elevation  than  in  any  other  portion  of  the  State,  but  the  slopes  are 
more  uniform  and  the  surface  is  more  rolling  than  in  the  Muskingum 
basin,  and  there  is  none  of  the  level  prairie  that  is  found  in  the 
northwestern  part  of  Ohio. 

The  northwestern  part  of  the  Crreat  Miami  basin  and  the  north- 
eastei*n  part  of  the  Little  Miami  consist  of  comparatively  level  ele- 
vated areas,  marked,  however,  with  rolling  glacial  moraines.  Between 
these  two  districts  and  connecting  the  extremes  of  elevation — 425  feet 
above  sea  level  at  the  confluence  of  the  Great  Miami  and  Ohio  rivers 
and  1,540  feet  just  east  of  Belief ontaine — there  is  a  wide  strip  of  hilly 
and  heavily  rolling  land  with  a  rather  steep  slope  to  the  southwest. 
A  narrow  strip  of  high  land  running  lengthwise  through  this  area 
forms  the  dividing  line  between  the  Great  and  Little  Miami  basins. 
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Ab  the  entire  area  of  both  basins  has  been  glaciated,  the  surface 
presents  the  smoothed-over  appearance  that  characterizes  such  dis- 
tricts, and  no  abrupt  changes  are  to  be  found  except  where  the 
streams  have  cut  out  their  valleys  in  the  soft  drift. 

The  surface  is  covered  with  wide  areas  of  heavy  limestone  soft, 
crossed  by  narrow  stretches  of  loamy  and  gravelly  soiL  Some  of  the 
stream  valleys  contain  extensive  alluvial  deposits,  which  form  very 
fertile  areas.  Much  of  the  clay  subsoil  of  the  southern  part  of  the 
Little  Miami  drainage  area  is  covered  with  loam,  forming  on  the  level 
uplands  excellent  farming  districts. 

As  the  whole  district  is  essentially  an  agricultural  one,  the  timber 
was  rapidly  cleared  off  and  but  small  isolated  wood  lots  now  i*emain 
over  the  tillable  portion.  Along  the  steep  hillsides  and  the  streams 
there  are  still  found  stretches  of  forest,  much  of  which  is  scrub  or 
young  growth,  all  the  merchantable  timber  having  been  cut  out. 

The  lower  and  rougher  portions  of  the  Little  Miami  basin  contain 
the  most  heavily  wooded  areas  to  be  found  in  either  basin.  Uere,  on 
the  steep  hills  bordering  the  streams,  there  are  still  to  be  found  many 
good  tracts  of  timber,  the  inaccessibility  of  which  has  so  far  prevented 
their  destruction. 

Com,  wheat,  and  tobacco  are  the  staple  crops,  the  last  being  im- 
portant in  both  districts.  In  and  around  Cincinnati  extensive  dairy 
interests  have  been  built  up.  Good  roads  cover  nearly  all  of  both 
basins,  indicating  better  than  anything  else  that  they  are  rich  dis- 
tricts, inhabited  by  a  prosperous  and  enlightened  x>cople. 

The  Muskingum  drainage  area  is  entirely  different  from  the  others 
under  discussion.  The  terminal  moraine  passes  diagonally  across 
this  district  from  northeast  to  southwest,  leaving  the  northern  and 
western  part  glaciated  and  the  large  central  and  southern  portion 
unglaciated.  The  glaciated  region  is  level  in  but  few  portions,  but 
the  rising,  rolling  ground  makes  an  excellent  agricultural  district. 
The  soil  is  here  composed  of  glacial  drift,  and  is  usually  deep  and 
fertile.  It  is  especially  adapted  to  the  raising  of  wheat,  and  large 
crops  of  this  cereal  are  harvested  annually.  In  the  lowlands  coi*n  is 
also  a  flourishing  crop.  At  one  time,  it  might  be  added,  these  districts 
supported  a  large  amount  of  stock,  but  the  decline  in  prices  has 
practically  done  away  with  grazing,  especially  with  the  raising  of 
sheep  for  wool.  It  is  to  be  supposed  that  the  present  increase  in  price 
will  reestablish  this  industry. 

The  eastern,  central,  and  southern  parts  of  the  Muskingum  drain- 
age area,  or  the  unglaciated  portions,  are  very  hilly  and  rough,  and 
the  streams  run  in  deep  valleys  cut  in  the  bed  rock.  Here  the  soil  is 
of  a  poorer  quality,  as  it  is  formed  by  the  disintegration  of  the  native 
rock,  and  not  as  good  a  field  is  offered  for  agriculture  except  in  the 
stream  valleys,  where  there  are  long  strips  of  alluvial  deposit,  which 
yield  enormous  crops  of  com.     The  unglaciated  section  also  corre- 
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spends  roughly  to  the  mining  district,  a  fact  which  has  tended  to 
decrease  the  agricultural  value  of  much  of  the  land. 

The  fertile  fields  of  the  northwestern  part  of  the  area  and  the  hills 
of  the  southeastern  part  have  been  stripped  of  timber,  the  former  to 
make  room  for  agriculture  and  the  latter  for  use  in  the  mines;  and 
as  a  result  nearly  all  the  timber  left  standing  is  to  be  found  between 
the  agricultural  and  mining  sections. 

GEOLOGY. 

The  Sandusky  and  Maumee  basins  lie,  respectively,  east  and  west 
of  the  Cincinnati  axis  or  anticline,  so  that  in  the  Sandusky  basin  the 
formations  occur  successively  in  long,  narrow  strips  running  nearly 
north  and  south.  Starting  at  the  east,  the  ages  are  as  follows :  Carbon- 
iferous, including  only  the  Mississippian  limestone  and  the  Waverly; 
Devonian,  including  the  Ohio  shale,  the  Black  shale,  the  Hamilton, 
and  the  upper  Helderberg;  finally,  Silurian,  with  only  the  lower 
Helderberg,  Rondout  waterlime,  Niagara,  Clinton,  and  Medina  appear- 
ing. In  the  Maumee  basin  these  appear  in  reverse  order,  but  in  less 
regular  strips  and  trending  to  the  northwest  instead  of  due  west. 

In  a  few  localities  in  both  basins  where  the  drift  was  thin  it  has 
been  removed  for  stone  quarrying,  but  the  industry  could  not  be 
called  an  important  one. 

As  stated  before,  the  Gi*eat  and  Little  Miami  areas  have  both  come 
under  the  influence  of  the  glacial  action  which  covered  the  original 
strata  with  a  layer  of  drift  that  varies  in  thickness  from  5  to  more 
than  100  feet.  Practically  all  the  bed  rock  belongs  to  the  Silurian 
system ;  the  Hudson  River  group,  the  Utica  shale,  and  the  Trenton 
limestone  covering  the  entire  southern  portion  of  both  basins,  while 
to  the  north  and  east  there  is  a  wide  band  of  Niagara,  Clinton,  and 
Medina,  and  to  the  extreme  northeast  is  found  the  lower  Helderberjr 
and  Rondout  waterlime. 

On  the  high  elevation  east  of  Belief ontaine  there  appear  small  areas 
of  both  the  Devonian  groups,  the  Hamilton  and  upper  Helderberg, 
and  the  shales.  Near  Dayton  and  in  the  valleys  of  the  Stillwater  at 
Covington  and  Mad  River  below  Springfield  there  are  extensive 
limestone  quarries.  At  the  latter  place  and  at  Cedarville,  on  Mas- 
sicks  Creek,  a  considerable  quantity  of  limestone  is  taken  out  to  be 
burned  for  lime. 

In  the  Muskingum  drainage  area  sedimentary  deposits  of  only  one 
age  appear,  the  Carboniferous,  with  the  following  groups:  Coal  Meas- 
ures, conglomerate,  Mississippian  limestone,  and  the  Waverly.  The 
first  two  of  these  occupy  the  large  eastern  and  central  section  of  the 
watershed,  and  the  last  two  the  western  part.  The  Coal  Measures 
contain  many  excellent  veins  of  coal,  which  are  extensively  mined 
over  a  considerable  area  of  this  watershed.  The  above-named  strata 
also  furnish  fire  clay,  limestone,  and  some  building  stone. 
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DRAINAGE. 


SANDUSKY  RIVER. 

The  Sandusky  basin  contains  but  one  important  drainage  line, 
namely,  the  Sandusky  River  proper,  which  rises  in  the  extreme  east- 
em  part  of  its  drainage  area  and  flows  at  first  westward  then  north- 
ward to  Sandusky  Bay.  Into  this  main  stream  there  flow  a  large 
number  of  small  creeks,  among  which  are  Broken  Sword,  Tymochtee, 
Sycamore,  Honey,  Wolf,  Muskalong,  and  Green,  the  latter  entering  the 
river  almost  at  its  mouth. 

Sandusky  River  is  115  miles  long  and  has  an  average  fall  of  6.41 
feet  per  mile.  Its  headwaters 
have  an  elevation  of  1,282  feet 
above  sea  level,  or  709  feet  above 
Lake  Erie.  Near  its  headwaters 
the  fall  per  mile  is  al>out  28  feet, 
but  this  is  reduced  to  7  feet  be- 
tween Bucyrus  and  Upper  San- 
dusky, and  thence  the  fall  de- 
creases gradually  to  2.5  feet  per 
mile  below  Fremont.  Above  Fre- 
mont the  river  has  a  steady  flow, 
but  below  that  town  it  becomes 
slu^^ish,  winding  in  and  out 
through  low,  flat,  and  in  many 
places  marshy  land,  until  it 
reaches  Sandusky  Bay,  where  it 
spreads  out  over  a  broad  plain 
covered  with  grass  and  lilies. 
Originally  the  headwaters  of  this 
river  were  situated  at  several  springs  ^  miles  east  of  Crestline,  but 
since  the  water  from  these  has  been  appropriated  for  the  supply  of 
that  city  little  or  none  of  the  flow  reaches  the  river.  The  headwater 
streams  are  now  West  Branch  and  "Stink  "  Creek,  both  of  which  are 
fed  to  a  small  extent  by  spring  water,  but  to  a  much  larger  extent  by 
the  sewage  of  Crestline. 

MAUMEE   RIVER. 

Maumee  River  is  formed  by  the  junction  of  St.  Joseph  and  St.  Mary 
rivers  at  Fort  Wayne,  Ind.  Its  main  drainage  line  starts  at  the 
extreme  western  edge  of  the  drainage  area  and  runs  northeastward  to 
the  bay  of  Toledo.  To  this  main  line,  Maumee  River  proper,  there  are 
four  important  tributaries,  Tiffin  and  St.  Joseph  rivers  on  the  north 
and  Auglaize  and  St.  Mary  on  the  south.  The  Tiffin  and  Auglaize 
join  the  Maumee  at  Defiance,  and  a  very  symmetrical  drainage  basin 


Fio.  2.— Map  of  dninage  basin  of  Sandusky  River. 
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would  be  formed  were  it  not  for  the  fact  that  the  Tiffin  is  much 
smaller  than  the  Auglaize.  The  last-named  stream  has  itself  two 
large  tributaries,  Blanchard  and  Ottawa  rivers,  which  enter  it  from 
the  east. 


Fig.  3.— Map  of  drainage  baaiii  of  Maumee  Riyer. 


Length  and  fall  of  Maumee  River  and  tributaries. 


Stream. 


Matuuee  _ 
Tiffin  .._. 
St.  Joseph 
Auglaize . 
St.  Mary . 


Length  in 
miles. 


150 

65 

100 

74 
100 


Total  fall 
in  feet. 

164 
293 
318 
325 
238 


FUl  per 
mile  in  feet. 


1.1 
4.5 
8.1 
4.4 
3.4 
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GREAT  AND  LITTLE  MIAMI  RIVEBS. 

Tlie   main  drainage  line  of  the  Great  Miami  basin  startn  in  its 

extreme  northeastern  part  and  runs  southwestward,  joining  Ohio 

River  at  the  Ohio-Indiana  State  line.     Until  Dayton  is  reached  it 

occupies  the  central  x)ortion  of  the  basin,  but  from  that  point  down  it 

lies  very  close  to  the  eastern  edge  of  its  drainage  area.    Below  Dayton 

it«  tributaries,  not  considering  Whitewater  River,  consist  of  Indian, 

Sevenmile,  and  Twin  creeks,  each  of  which  drains  a  long  and  narrow 

strip  of  territory.     At  Dayton  the  main  stream  receiv^es  two  large 

tributaries — Mad  River  from  the  east  and  the  Stillwater  from  the  west. 

In  the  Little  Miami  basin  the  main  drainage  line  rises  in  the  extreme 

northern  part  of  the  district  and  flows  southwest,  keeping  close  to  the 

western  boundary  for  its  whole  length,  and  finally  joining  the  Ohio  a 

few  miles  above  Cincinnati.     Its  principal  tributaries,  all  flowing  in 

from  the  east,  are  the  east  branch  of  the  Little  Miami,  Todds  Fork, 

Caesars  Creek,  and  Massicks  Creek,  the  first  named  being  the  most 

imx>ortant. 

The  length,  total  fall,  and  fall  per  mile  of  the  main  streams  and 
tributaries  in  both  basins  are  shown  in  the  following  table: 

Approximate  gradient  of  Miami  rivers  and  tributaries. 


stream. 


From— 


Great  Miami  River. . .  Ohio  River. 

I>o Hamilton.. 

Do Dayton 

Do Piqna 

Do DegrafF 

Do Ohio  River. 

Stillwater  River Dayton  .... 

Do Covington. 


Do 


do 


Do '  Dayton 


Do 


.do 


Mad  River do 

Do Sinringfleld 

Do Dayton* 

Twin  Creek '  Great  Miami  River. 

Seveninfle  Creek do 

Little  Miami  River...'  Ohio  River 

Do  j  Milford 

Do •  Wayneeville 

Do '  Ohio  River 

Little  Miami  River. 


branch    Little 
Miami  River. 


To— 


Hamilton 

Dayton 

Piqna 

Degraff 

Headwaters 

do 

Covington 

Headwatem    Oreon- 
vlilc  Creek. 

Headwaters    Still- 
water River. 

Headwaters    Green- 
ville Creek. 

Headwaters    Still- 
water River. 

Springfield 

Headwaters 

do 

do 

do 

Milford :... 

Waynesville 

Headwaters 

do 

Batavia 


I 


Do i  Batavia 

Do \  Williamsbarg 

Do Little  Miami  River. 

j 

IBB  91—04 2 


Williamsbarg 
Headwaters  .. 
do 


Distance  Total  fall 
in  miles,  in  feet. 

Fall  per 

mile 

in  feet. 

83 

145 

4.4 

44 

100 

8.6 

83 

110 

8.3 

27 

120 

4.4 

26 

90 

3.5 

163 

625 

3.8 

30 

150 

5 

3H      240 

6.7 

32      105 

) 

5 

ei6 

890 

6.9 

82  i     815 

5.1 

23      170 

7.4 

86      800 

8.6 

58  t     470 

8.1 

48      450 

9.4 

34      510 

15 

13      m 

5.1 

85  ,     180 

5.1 

46      450 

9.8 

94      696 

7.4 

12 

105 

8.8 

19      20O 

10.5 

42  ,     800 

7.1 

73 

1 

605 

8.2 

18 


FOUK   DRAINAGE    ABEA8    IN    OHIO. 


[KO.  S. 


Fio.  4.— Map  of  drainaf^e  haHins  of  Groat  and  Little  Miami  rirera. 
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It  is  evident  at  once  from  thi»  table  that  all  the  streams  of  the 
Miami  basin  flow  at  very  rapid  rates.     Even  the  lowest  average  gra- 
dient, 3.3  feet  per  mile,  foand  between  Dayton  and  Piqua,  is  sufficient 
in  a  large  stream  to  give  a  swift  current.     The  gradient  of  the  Great 
Miami  is  very  uniform  throughout  its  entire  course,  more  so  than  is 
usual  in  so  long  a  stream.     Mad  River  also  has  a  very  uniform  but  a 
uiuc^h  steeper  gradient.     Sevenmile  and  Twin  creeks,  coming  down 
from  the  high  land  near  the  Indiana  line,  have  a  very  high  gradient, 
the  highest  in  either  of  the  two  basins.     The  upper  part  of  Little 
Miami  River  and  the  east  branch  of  the  same  stream  also  have  high 
rates  of  flow,  induced  by  steep  gradients.     At  one  time  the  excellent 
water  powers  on  these  streams  were  utilized  by  numerous  mills,  but 
now  many  of  these  have  been  abandoned.     A  discussion  of  available 
water  powers  is  given  later  in  connection  with  the  descriptions  of 
water  powers  still  in  use. 

Owing  to  the  general  use  of  the  land  for  agricultural  purposes  no 
extensive  tracts  of  swamp  land  remain  unreclaimed.  Many  large 
areas  have  been  ditched  and  tiled,  and  much  that  was  formerly  waste 
land  has  been  turned  into  exceptionally  fertile  fields. 

The  valley  of  Mad  River  between  Dayton  and  Springfield,  except 
immediately  below  the  latter  city,  is  low  and  swampy,  much  of  it 
being  so  low  that  it  can  with  difficulty  be  drained  for  use.  Along 
this  stream  in  Champaign  County  there  are  large  areas  of  low,  wet, 
peaty  land  which  have  not  yet  been  successfully  drained. 

MTJSKINQUM  RIVER. 

The  main  drainage  system  of  the  Muskingum  basin  consists  of 
Muskingum  River  and  its  four  principal  tributaries,  namely.  Licking 
Creek,  Wills  Creek,  Walhonding  Creek,  and  Tuscarawas  River,  the 
two  last-named  streams  uniting  at  Coshocton  to  form  the  Muskingum 
proi>er.  The  three  streams  designated  creeks  are  large  and  could 
very  properlj^  be  called  rivers. 

Tuscarawas  River  and  Walhonding  Creek  drain  the  eastern  and 
western  parts  of  the  upper  portion  of  the  drainage  basin,  and  Wills 
Creek  and  Licking  Creek,  together  with  Muskingum  River,  drain  the 
eastern,  western,  and  central  parts  of  the  lower  portion.  Tuscarawas 
and  Muskingum  rivers  could  very  projierly  be  considered  as  one 
stream,  forming  the  central  drainage  line  of  the  watershed. 

The  pre-Glacial  drainage  of  this  area  was  along  lines  entirely  dif- 
ferent from  the  present  ones.  It  is  claimed  that  Muskingum  River 
turned  westward  at  Dresden  and  flowed  through  Licking  Creek  Valley 
to  the  Scioto.  It  is  also  believed  that  the  Scioto  flowed  eastward 
through  this  same  valley,  then  northward  through  the  Muskingum, 
Tuscarawas,  and  Cuyahoga  basins  into  Lake  Erie.  It  seems  to  be 
established  that  the  Muskingum  did  not  have  its  present  outlet. 
Some  of  the  facts  that  have  led  to  this  opinion  are,  the  traces  of  a 
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large  channel  through  the  Licking  Valley,  the  small  size  and  reoeni 
excavation  of  the  present  Muskingum  River  channel  south  of  Zanes- 
ville,  and  the  deep  channel  of  the  Tuscarawas  to  the  north,  where  in 
many  places  the  bed  rock  is  lower  than  that  in  the  Muskingum  Valley 
to  the  south. 

The  following  table  shows  the  approximate  gradient  of  the  nu>,in 
streams  and  their  more  important  tributaries : 

Approximate  gradient  of  principal  streams  of  Muskingum  drainojge  basiti. 


Stream. 


Prom- 


MuBkingum 

Do 

Do 

Mnakizigam  and  Tus- 
carawas. 

Tuscarawas 

Do 

Stillwater 

Do 

Licldng 

'  Do 

Do 

Wills 

Do 

Do 

Walhonding 

Do 


Month Zanesville 

do Coshocton 


Distance  Total  fall 


in  miles. 


Zanesville I do 

Month I  Headwaters 


Do. 


Coshocton  . 

do 

Mouth 

.....do 

Zanesville  . 

Newark 

Zanesville  . 

Month 

Oimbridge 

Mouth 

Coshocton  . 
do 


Canal  Dover 

Headwaters 

Tipi)ecanoe 

Headwaters 

Newark 

Headwaters 

do 

Cambridge 

Headwaters 

do 

Headwaters  of  Killbnck . 

Headwaters   of  Black 
I     Fork. 

.do Headwaters  of  Kokosing. 


70 

99 

S9 

211 

47 
112 
16 
47 
23 
83 
56 
46 
35 
81 
54 
92 

02 


in  feet. 


106 
180 
74 
530. 

110 

360 ; 

23| 
382  I 
134 
390 
533 

69 

201  ' 
870  ' 
280 
635 

865 


FUlper 

mile  in 

feet. 


1.5 
l.t^ 
2.6 

2.5 

2.4 

ai 

1.4 

8.6 
5  S 
12 
9.5 
l.» 

5.: 

4.5 
4.S 

6.9 

5.9 


From  the  above  table  it  is  seen  that  the  fall  per  mile  along  the 
main  drainage  line,  the  Muskingum  and  Tuscarawas,  is  very  small 
and  the  flow  sluggish.  This  is  especially  true  of  Muskingum  River 
and  the  lower  part  of  the  Tuscarawas.  The  fall  per  mile  of  the  lower 
part  of  both  Stillwater  and  Wills  creeks  is  in  keeping  with  their 
lack  of  current,  but  the  fall  is  so  great  in  the  hills  which  form  their 
headwaters  that  the  average  for  the  whole  stream  is  brought  up  to  a 
rather  high  figure. 

This  same  feature  is  shown,  but  in  a  less  marked  degree,  in  all  the 
streams,  and  no  doubt  it  is  gradually  increasing  as  the  water  cuts 
back  into  the  hills  at  the  headwaters  and  spreads  debris  out  over  the 
valleys  below.  This  general  silting  up  of  the  lower  channels  is  greatly 
prevented  by  the  great  number  of  dams  in  the  streams,  each  one  of 
which  holds  back  from  every  flood  a  large  amount  of  sediment  that 
would  have  been  distributed  along  the  whole  channel.  Tiling  also  has 
decreased  the  amount  of  sediment  reaching  the  streams.  In  the 
hilly  portions  of  the  basin  many  good  farms  have  been  ruined,  and  in 
some  of  the  abandoned  mining  districts,  where  the  timber  has  been 
cut  away  and  the  ground  exposed,  the  hills  have  been  cut  into  by 
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such  enormoos  gullies  that  it  seemn  as  if  it  would  be  impossible  ever 
to  reclaim  them.  Nature  will  require  many  years  to  restore  these 
waste  lands  unless  she  is  intelligently  assisted  by  man. 

In  the  northern  and  western  parts  of  the  drainage  basin  the  fields  are 
well  tiled  and  ditched.     In  fact,  nearly  all  the  swamp  land  has  been 


Via.  G.— Hap  of  dniiiuts«  Iwdn  of  UuskliiKimi  River. 

reclaimed,  the  only  exteusive  area  still  in  existence  being  a  strip 
along  Eillbnck  Creek  between  Wooster  and  Shreve.-  All  through 
the  drainage  basin  theie  are  areas  that  are  swampy  in  wet  jears,  but 
as  a  rule  the  drainage  of  the  basin  is  good — too  good,  in  fac^t,  for  the 
preservation  of  the  summer  flow  of  the  streams. 
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FliOW  OF  STBFAMS. 

In  connection  with  the  United  States  Geological  Survey,  the  Ohio 
State  board  of  health  established  gages  for  reading  the  daily  height 
of  the  streams  at  Mexico  and  Fremont,  on  the  Sandusky,  and  at 
Waterville,  on  the  Maumee;  but  owing  to  changes  in  the  stream  bed 
and  certain  obstructions  to  the  flow,  it  was  not  possible  to  work  np 
the  discharge  of  the  Sandusky  at  Fremont,  and  the  flow  of  this  stream 
at  Sandusky  and  of  the  Maumee  at  Waterv^ille  only  are  given. 


SANDUSKY  RIVER. 


The  daily  gage-height  readings  of  Sandusky  River  at  Mexico  extend 
from  November,  1898,  to  November,  1900,  when  the  gage  was  destroyed 
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and  the  station  abandoned.  Owing  to  lack  of  facilities,  it  was 
impossible  to  estimate  the  rainfall  by  any  means  except  that  of  aver- 
agf  ng  the  monthly  records  of  the  various  stations  in  and  near  the 
drainage  basin.  For  the  basin  above  Mexico  six  stations  are  used, 
and  in  the  same  table  there  are  given  two  other  stations,  with  a  sepa- 
rate average  of  the  eight  for  use  at  such  time  as  it  is  possible  to  get 
tlie  discharge  at  the  Fremont  station. 

Monthly  discharge  of  Sandusky  River  at  Mexico,  1898-1900, 

[DniziAge  area,  776  aqvare  miles.] 


Discharge  in  aeoond-f  eet. 


Month. 


1866. 


December 


Kazi- 

mom. 


1«Q. 

Jannary 

Pebmary ... 

March 

April 

May 

June 

Jtay 

Ans'iist 

September... 

Oc-tober 

Noyember.. 
December  .. 


Year 


imo. 


January  ... 
February .. 

March 

April 

M«y.- 

June 

July 

AxigQsl 

September. 
0ctol)er.... 


4,085 

5,410 

S.725 

3,580 

1,730 

1,145 

966 

100 

975 

6 

30 

45 

655 


Mini- 
mnm. 


100 

240 

100 

796 

100 

45 

6 

4 

8 

2 

2 

12 

80 


Mean. 


727.4 

1,515.6 
636.4 

i.sn.i 

600.2 

626.0 

2OT.5 

31.7 

48.9 

2.9 

8.9 

23.9 

170.8 


5,410 

2 

2,245 

• 

8 

2,880 

126 

4,9n) 

270 

1,865 

180 

180 

20 

445 

80 

410^ 

6 

1,560 

4 

125 

4 

270 

8 

486.6 


665.5 
888.9 
1,407 
686.2 

88.4 
161.5 

78.7 
242.6 

88.8 

70.1 


Total  in 
acre-feet. 


44,726 

98,222 

85,344 

115,040 

86,714 

18,963 

12,847 

1,949 

2,660 

173 

547 

1,422 

10,602 


322,901 


Run-oiT. 


Second- 
feet  per 
aqnare 
mile. 


0.960 

1.963 
.820 

2.424 
.778 


.267 
.040 
.066 
.008 
.QU 
.080 
.220 


640 


40,681 

.844 

49,867 

1.145 

86,513 

1.813 

40,882 

.  oB4 

5,438 

.114 

9,610 

.208 

4,839 

.101 

14,917 

.812 

2,279 

.049 

4,310 

.090 

Depth  in 
inches. 


RainfaU 

in 
inches. 


1.060 

2.263 

.864 

an4 

.866 
.384 
.267 
.040 
.006 
.003 
.OU 
.080 
.280 


8.688 


.974 
1.162 
2.068 
.964 
.134 
.228 
.121 
.862 
.068 
.100 


2.66 

3.28 
2.21 
AM 
1.44 
4.55 
2.96 
4.82 
1.86 
2.34 
2.22 
2.28 
3.20 


36 


Batio. 


0.4U 

.664 
.386 
.767 
.604 
.078 
.100 
.006 
.086 
.001 
.006 
.013 
.072 


.241 


2.22 

.489 

4.18 

.286 

2.64 

.793 

2.84 

.340 

2.67 

.621 

3.94 

.578 

4.72 

.266 

4.76 

.076 

2.04 

.028 

2.68 

.069 

The  mean  monthly  rainfall  shown  in  the  next  to  last  column  was 
obtained  from  the  following  table,  the  data  for  which  were  obtained 
from  the  rei)orts  of  the  United  States  Weather  Bureau: 
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Above  Mexico  Sandnsky  River  has  a  drainage  area  of  776  eqnare 
miles.  The  country  consists  of  rolling  farm  land  in  a  high  state  of 
cultivation.  There  remain  very  fev  tracts  of  timber  of  lai^size,  and 
the  fields  are  fairly  well  drained  by  ditches  and  tile. 

There  are  six  small  dams  in  the  river  above  the  gaging  station,  bat 
they  store  very  little  vater  and  seem  to  have  no  perceptible  inflaenoe 
on  the  flow  at  Mexico. 

MAUUEB  RIVER. 

The  gaging  station  ou  this  stream  was  placed  at  Waterville,  the  first 
available  place  above  the  influence  of  bactwater  from  Maumee  Bay, 
in  November,  1898,  and  was  abandoned  early  in  1902.  The  mean 
monthly  rainfall  in  this  basin  was  obtained  by  averaging  the  depth 
reported  from  21  stations  within  or  neighboring  to  the  basin. 


Pig.  a— Dtk^ram  showliiK  dlacturge  of  Hkiimee  Blver  at  WaterrJUe  In  UGS-SO. 


Fro.  v.— DbffTUQ  BfaowiiiK  dlschai^e  of  U&nmee  River  at  Waterrllle  in  IKXX 
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Monthly  diiieharge  of  Maumee  River  at  WaterviUe,  1898-1900, 

[Draiiuige  area,  (HI  Bqnare  milea.] 


Dischargre  in  aeoond-f eet. 

Total  in 
acre-feet. 

Bnn-off. 

Month. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Second- 
feet  per 
square 
mile. 

Depth  in 
inches. 

in 
inchea. 

Batio. 

1898. 
December. 

1899. 
January  .. 
February  . 

March 

April 

May 

June 

July 

August  ... 
September 
October . . . 
November 
December. 

32,120 

33,250 

26,765 

32,100 

12,960 

2,750 

2,450 

1,200 

4,940 

990 

150 

1,310 

9,950 

680 

780 

1,310 

8,700 

1,800 

1,200 

150 

3 

70 

20 

5 

40 

10 

8. 203. 4 

10,979 
6, 301 . 2 
19,431.4 

6. 027. 5 
1,990 
1,057.3 

285.3 
1,362.2 

259 
48.1 

521 
2, 323. 2 

504,407 

675, 072 

349,950 

1,194,790 

358,661 

352.360 

62, 814 

17,536 

43,758 

15,411 

2,955 

31,001 

142,847 

1.825 

1.796 
1.080 
8.180 
.986 
.825 
.173 
.046 
.228 
.042 
.007 
.085 
.880 

1.525 

2.070 

1.070 

3.660 

1.095 

.375 

.208 

.046 

.253 

.042 

.007 

.085 

.450 

2.41 

2.60 
2.14 
4.39 
1.11 
8.66 
1.88 
4.36 
2.09 
2.40 
2.51 
2.12 
8.08 

0.6^ 

• 

1 

.796 

.500 

.833 

.986 

.102 

:   .106 

.011 
.121 
.018 
.003 
.040 
.146 

Year 

33,250 

3 

5,211.7 

3,017,155 

.689 

9.856 

.947 

1.842 

2.942 

1.480 

1.760 

.628 

.892 

.104 

.004 

.006 

.478 

.286 

32.34 

.227 

1900. 
January. . . 
February  . 

March 

April 

May 

June 

July 

August  ... 
September 
October . . . 
November 
December . 

10, 200 

18,985 

42, 750 

13,965 

3,050 

6,320 

5,120 

1,930 

250 

250 

9,700 

6,320 

1,200 

2,450 

2,600 

2,600 

200 

680 

800 

5 

5 

5 

10 

70 

5, 053. 9 

7,943.9 

15,609.7 

8, 149. 1 

937.7 

3, 443. 6 

2, 093. 5 

562.7 

26.8 

40.6 

2,619 

1,508.7 

310, 752 
441,180 
959,808 
484,904 

57,657 
204,907 
128,724 

84, 598 

1,596 

2,499 

155,840 

92,766 

.827 

1.300 

2.554 

1.830 

1.530 

.563 

.342 

.092 

.004 

.006 

.428 

.246 

1.25 
4.50 
2.18 
2.40 
2.65 
4.80 
4.89 
8.56 
1.45 
2.80 
3.89 
.83 

34.65 

.757 
.298 
1.381 
.617 
.664 
.145 
.080 
.029 
.008 
.002 
.123 

.  944 

Year 

42,750 

5 

4,665.7 

2, 275, 226 

7.685 

10.864 

.299 
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Rainfcdl  in  Maumct 


1896. 

Jan. 

Feb. 

1899. 

July. 

Nov 
2.27 

Dec. 

Mar. 

Apr. 

0.65 

.09 

.97 

.70 

.60 

.87 

1.48 

1.21 

.70 

2.49 

1.77 

May. 

4.43 
8.62 
3.31 
2.83 
5.57 
6.65 
2.44 
8.24 
2.92 
3.05 
8.31 
2.37 
4.65 

3.65 
2.68 

June.  1 

Aug. 

Sept. 

Oct- 

AnffnlA                .     . 

2.17 
1.77 
2.12 
2.33 
1.86 
1.89 
3.51 
1.67 
1.86 
2.40 
2.61 
2.50 
3.04 
2.58 
2.55 
3 

3 

2.08 

2.60 

2.84 

1.91 

2.44 

3.70 

2.17 

2.76 

2.06 

3.19 

2.88 

3.46 

2.67 

2.09 

1.25 

8.17 
2.01 
1.99 
2.35 
2.06 
2.02 
1.81 
2.89 
1.88 
2.21 
1.50 
1.54 
2.11 
1.82 
2.01 
2.52 

4.17 
8.02 
4.96 
6.01 
3.87 
4.01 
6.18 
4.69 
8.67 
3.99 
4.57 

1.02     4.04  . 

2.77 

3.21 
2.17 
1.59 
3.49 
3.24 
8.13 
.96 
2.01 

3.  as 

Auburn 

2.02     4.73 

a73 
2.12 
6.06 
2.10 
1.26 
.66 
.75 

a27 
2.eo 

2.30 
2.74 
3.24 
1,74 
2.47 
2.01 
2.63 
1.01 

l-8l« 

Bl"ff  ton 

2.02 
2.29 
8.35 
8.02 
1.97 
2.33 
1.67 
1.64 
2.80 

4.61 
4.28 
6.06 
8.81 
4.21 
4.33 
4.06 
4.22 
6.08 

a» 

Port  Wayne 

Adrian 

2.7* 

l.£& 

TTillculAlA 

2.01 

Benton  Bidge 

Bowling  Green . . . 

1.91 
1.84 

2.nri 

Defiance 

1.77 
.79 

an 

l.fil 

2.06 

1-71 

Hedges 

Kenton 

4.90 
4.62 
3.41 
4.89 

1.21 

.66 

1.92 

1.66 

1.05 
1 

2.05 
1.51 

3.28 

2.25 
2.50 

-V... . 

1.32 
1.50 

2.05 

2.80 

1 
3.04 

Leil^lc 

1.63 

Hontpelier 

Naix>leon 

5.19 

.85 

aeo 

2.24      1.63 

New  Bremen 

Ottawa 

2.48 

2.84 

1.68 

4.62 

1.46 

2.94 

1.65 

3.25 

2.86 

1.86 

2.95 

l.N* 

Swanton 

1 

Van  Wert 

2.25 
8.28 

2.25 
8.90 

1.70 
4.62 

4.76 
5.47 

.44 
1.19 

4.53 

1.80 
1.11 

6 
4.62 

.84 

2.36 
2.70 

1 

Wauseon 

2- 50     9  IT 

2.1* 

1 

Total 

Mean 

45.71 
2.41 

49.46 
2.60 

40.69 
2.14 

79.11 
4.39 

19.95 
1.11 

62.21 
3.66 

83.80 
1.88 

71.69 
4.36 

31.30 
2.09 

:«.45 
2.40 

40.19 
2.51 

FLYNN  AirD~l 
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b(tsinj  1898-1900 y  in  inches. 


ism 

Ekf.  |Tota>l 


I 


1911). 


Jan. 


Feb.  '  Mar.    Apr.     May.  JumvJnly.  Aug. 


I    2.77 


3.31 

1.02 

2.92 

a  16 

2.39 

2.ii 

3.39 

2.70 

4.01 

3.50 

3.06 

2.98 


35.06 
31.01 
32.47 
37.56 
35.75 
35.23 
28.95 
30.  OS 


1.37 

5.23 

.76 

5.06 

.83 

a95 

.86 

5.11 

.72 

a26 

33.35 

30.80 

36.  as 

32.25 


.79 

1.67 
.97 
1.58 
1.20  i 
1.70 

3.11 


4.09 
5.50 
3.36 
4.99 
4.41 
5.19 
3.11 
4.29  ! 


2.88 

1.89 

i.se  ; 

1.87  I 

2.91  I 

2.55  , 

2.81 

1.33 

2.21 

1.81 

1.52 

1.14 

2.31  I 


2.21  ' 
1.98  ; 
2.92  I 
2.26  '' 
1.85 

2.22  < 
2.72 
2.45 
2.05  I 
3.17  ^ 
1.99 
2.35 
2.30  , 


2.23 
2.44 
3.34 
3.40 
3.33 
2.35 
2.42 
2.95 
2.17 
8.21 
2.86 
2.89 
1.39 


4.60 
5.61 
6.01 
6.05 
8.15 
4.49 
2.54 
3.80 
4.07 
5.86 
1.60 
4.22 
5.04 


96  I 

3.4t<     31.90         .65  j 
1.12  ' 

I 

:i26     30.44       1.42  > 


4.44 

1 

2.39 

2.23' 

4.33 

2.79 

2.50  1 

1.74 

4.55 

1.67 

2.21 

1 

2.(» 

6.61 

2.80 

5.47 

2.28 

3.91 

2 

2.89 

8.02 
6.29 
3.08 
3.52 
7.04 
8.42 
4.45 
3.76 
2.33 
6.03 
5.84 
4.75 
3.67 
4.80 
6.35 
3.48 
2.37 
3.88 


3. 68 
3.87 
4.15 


2.50 
1.80 
4.60 
4.24 

4.18 

2.58 

6.27 

2.85 

!  3.41 

'  2.45 

2.16 

2.80 

4.09 

'  3. 10 


Sept.    (>ft.    Nov.   Dei:.  Total. 


1.50 

1.39 

1.87 

1.84 

2.12 

1.56  ' 

1.06 

.85 
1.51 
1.07 
1.50 

.92 
1.52  - 

.70 
1.63  , 
1.34  ! 
1.84 
l.ll 


4.35 
2.44 
2.74 
2.83 
2.83 
2.99 
3.05 
2.95 
1.87 
3.07 
3.16 
2.78 
3.67 
1.55 
3.62 
2.62 
2.19 

2.m 


5.58  , 
4.46  I 

8.88  \ 

I 


0.65 
.45 
.93 


3.90 
4.80 
:i66 
8.3S 
2.43 
3.76 
2.10 
4.10 
4.06 


I 


3.92 
3.61 
4.22 
3.37 

ass 


.27  ' 

.43 
1.18 
1 
1.33 

.69 

.88 

.72 
1.01 

.75 

.57 


.95 
1.09 
1.05 
1.08 


( 


42.48 
85.62 
84.57 


38.88 
86.48 
86.36 
30.96 
30.72 
86.26 
86.61 

M   •    ■  a  •  * 

36.38 

3B.97 

32.84 


29.34 


■ 

5.74     1.65     2.12:3.37 

3.36     36.  M 

1.50 

5.57 

2.17 

4.04 

4a  19 
2.40 

4.12     a  01 

5.n 

2.97 

1.61    aoo 

4.48 

.93 

80.88 

46.16    

aOB     82.34 

21.21 

1.25 

76.43 
4.50 

36.17 
2.13 

47.77  77.43 

2.65  1  4.30 

1 

92.74 
4.80 

67.71 
a  66 

29.  OH 
1.45 

55.96  |r3.98   15.81 

2.80    a89  1    .83 

84.66 

30 
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The  rainfall  table  for  1901  gives  the  mean  annual  rainfall  for 
the  basin  as  30.89  inches,  which  is  1.45  inches  less  than  the  rainfall 
for  1899  and  3.76  less  than  for  1900.  This  lower  rainfall  is  accom- 
panied by  a  falling  off  in  the  run-off,  the  figure  being  19.9  per  cent, 
as  against  22.7  per  cent  and  29.9  per  cent  for  1899  and  190C», 
respectively. 

To  prevent  overvaluation  of  these  results,  it  must  be  noted  that  the 
canal  system  takes  a  small  amount  of  water  from  above  the  gaging 
station  and  returns  some  of  it  below  this  station.  On  the  extremely 
low  flows  this  may  have  some  influence,  but  it  is  not  believed  that  it 
is  extensive. 

Monthly  discharge  of  Maumee  River  at  WatervUle  in  1901. 

[Drainage  area,  6,U1  sqnare  miles.] 


Diacharge  in  aecond-f  eet. 

Run-off. 

Month. 

Maxi- 
mam. 

Mini- 
mum. 

Mean. 

Totalin  acre- 
feet. 

Second- 
feet  per 
square 
mile. 

Depth  in 
inches. 

RainfaU     p„ 
inches.     ^^"^^ 

January  ... 
February  .. 

March 

April 

May 

June 

July 

August 

September  . 

October 

November. - 
December . . 

6,110 

9,450 

27,600 

8,160 

22, 750 

15,220 

14, 215 

140 

80 

1,020 

180 

11,200 

480 

580 

2,240 

1,020 

530 

660 

80 

5 

10 

10 

60 

110 

2, 389. 7 
8,716.8 
11,207.9 
3,646.8 
3, 147. 9 
8,599 
2, 503. 1 

47.7 

42 
246.1 

98 
2,585.8 

146, 937 

206,421 

689, 147 

216, 970 

193, 557 

214, 155 

153,910 

2,935 

2,499 

15, 182 

5,831 

158, 995 

0.391 
.608 

1.834 
.596 
.515 
.589 
.410 
.008 
.007 
.040 
.016 
.423 

0.451 
.633 

2.114 
.658 
.594 
.657 
.473 
.009 
.008 
.046 
.018 
.488 

1.90 
1.45 
2.58 
2.18 
3.90 
3.84 
3.06 
2.74 
1.35 
2.73 
1.53 
3.63 

23.7 

43.6 

81.9 

30.2 

15.3 

17.1 

15.5 

.3 

.6 

1.7 

1.2 

13. 5 

Year... 

27,600 

0 

2,771.2 

2, 006, 489 

.453 

6.149 

30.89 

■ 
1 

19.9 
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Rainfall  in 

3raumM  bonn 

n  1901,  in  inchet. 

Btetlon. 

Jan. 

Feb. 

Har- 

Apr. 

Uar.|jaike.Jaly. 

i«,.y.w^ 

Nov. 

Dec-  ToMt. 

3.1B 
l.W 
1.17 
LU 

2.63 

1-74 
1.4B 

l.«3 

1.T4 

1.™ 
£.89 

1.80 

.80 

1.4b 

I.IS 

E.7« 

£.M 
I.U 
£.84 

i.76 
£.tS 

4.10 

£.87 

5.BS 

1.38 
l.£8 

4.38     0.87 
B-71     1.30 
4.7S     l.l£ 

8.15 
3.71 
8.40 

LIB 

8.47      40.80 

Auburn 

BlQlltMI 

1.67 

£4.  IS 

in     £.18 

s.m  s.sa 

3-14  :8.K 

I-T8 
£-84 

4.ei 

£.18 
4,»B 

8.IU 
8.«8 

1.T5 
4.87 
£.88 

£.88 
4.43 

4.10  I    .73 

£.ae  { i.g£ 

4.88  :  1.3£ 

3.48 

G.as 

1.13 
.»i 

£.« 
.98 
£.£7 

1.88  |8.»i 
£          8.1£ 

£.33     4.£1 

Coldwmtn- 

Hllbd«lB _ 

BeutoD  KldKe 

BowUng  Green.. 

87.80 
3£.B4 

86-88 

fl  08  1  s  1H  1  1  M 

""fltay 

3.80 

£.M 

t.aB 

£.Tg 
3.SS 

1.88 
1.80 

£.88    i.en 

£.£5     1.78 

.M 
1.88 

3.87 

37.33 

an 

i.a 
i.» 
i.« 

1.38 

£4* 
8.111 
l.SR 
8.80 

£04 
3..T 

1-81 
E.ffi 
£.01 

£-34 

a.K 
a.» 

4.03 
4.82 

3.«e 

4-01 

S.14 
£.48 
«.88 
2.3S 

3,84 

S.07 

8.a£ 

1.83 

91.  £6 
3-08 

£.45      -8( 
£.88       .84 

1.80     1.7* 
1.88     l.W 
S4.!8  £5.88 
£74  1  1.33 

!.££ 

4.fl» 

1,71 

4-48 

3.10 

£.£5 
4.8« 

KODtPBW 

8.9) 
1.M 

l.« 
t.01 
LB 
8.10 

33.08 

OttawK 

.U     1.84 
1.8b  1  1.<I£ 

£.£4  1  i.a. 

£8.35 
£7.«4 

a-U     8.S8 
2-»  1  8.67 

St.  83 

Tol«l 

Ueao 

1;^ 

3*.U 

1.4fi 

£.98 

£-18  j3.«0 

":^ 

ai.i4 

1.S3 

7£.U 
3- SB 

ao.ee 

The  Maomee  basin  has  an  area  of  6,111  square  miles,  portions  of 
which  are  in  Indiana  and  Michigan.  The  central  and  southern  parts 
of  the  district  are  rather  level,  while  the  northern  part  is  rolling.  In 
portions  of  the  basin,  notably  the  central  part,  there  are  still  exten- 
sive areas  of  scmb-timber  land;  but  by  far  the  largest  part  is  under 
cultivation  or  cleared  for  grazing. 


FOUR   DSAINAQE   ABEAS    IN    OHIO. 


MUSKINGUM  RIVER. 

Ko  gaging  Btatiou  was  establisUed  on  Muskingum  River,  but  a 
method  by  which  the  disuhnrge  could  be  approximately  detemiined 
was  found  and  used  for  one  year.  In  fact,  an  accurate  gaging  of  this 
stream  with  a  reasonable  expenditure  of  time  and  money  would  be 
ver>'  difficult.  Below  Zanesville  slack-water  navigation  is  maintained 
by  ten  fixed  dams.  Boats  are  locked  through  these  from  pool  to  pool 
or  from  level  to  level,  as  in  a  canal  system.  This  effectually  prevents 
the  use  of  a  current  meter  on  the  ntaiu  portion  of  the  river  and  makes 
it  necessary  to  go  to  the  tributaries  for  such  work.  To  do  this  would 
involve  the  maintenance  of  a  large  number  of  gages  and  the  making 
of  innumerable  meter  measurements.  This  plan  not  being  practi- 
cable, it  was  determined  to  approximate  the  flow  by  computations  of 
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the  discharge  over  one  of  the  dams.  Owing  to  the  irregularity  in  the 
crest  of  these  dams,  to  leak^e,  waste  through  locks,  and  other  causes, 
it  was  found  impossible  with  the  time  at  hand  to  do  as  good  work  as 
the  method  would  warrant. 

Dam  No.  8,  at  Eagleport,  was  selected  as  affording  the  l>eBt  oppor- 
tunity for  success.  The  pool  levels  both  above  and  below  this  dam, 
together  with  plans  and  oilier  valuable  information,  were  obtained 
through  the  courtesy  of  Mr.  Edmund  Moeser,  United  States  resi- 
dent engineer,  Zanesville,  Ohio.  From  the  pool  levels,  which  were 
read  from  one  to  six  times  daily,  the  daily  average  height  of  the  water 
above  the  dam  was  computed.  A  formula  for  the  flow  over  this  dam 
was  obtained  from  the  Rafter  experiments  at  Cornell  University. 
Owing  to  the  high  water,  it  was  impossible  to  survey  a  low  place  in 
the  crest,  and  the  effect  of  this  lowered  portion  was  estimated  from 
the  water  powers  both  above  and  below  this  dam. 
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Estimated  monthly  discharge  of  the  Mmkingum  River  at  Eagleport,  Ohio, 

[Drainage  area,  6,840  aqnare  miles.] 


Discharge  in  second-feet. 


Month 


Totalin 
acro-feet. 


Run-<»ff. 


Sei'ond- 
Depth  in   feet  per 
inches.       square 
mile. 


Mean 

rainfall 

in  inches. 


705,008 

341,368 

978,546 

425, 213 

171,501 

234,742 

59,007 

43, 612 

10,483 

11,141 

19, 183 

166,724 


1.98  ' 
.78 

2.68 

1.16 
.47 
.64  ! 
.16! 

..12 
.03 
.03 
.05 
.46 


4, 286    3, 166, 528 


8.51 


I 


1.67 
.75 
2.32 
1.04 
.41 
.58 
.14 
.10 
.03 
.03 
.05 
.40 

.62- 


2.61 
1.88 
4.52 
1.81 
4.76 
4.00 
4.35 
1.47 
3.30 
2.12 
1.60 
8.05 

35. 42 


The  mean  monthly  rainfall  as  shown  in  the  last  column  was  obtained 
from  the  following  table,  the  data  for  which  were  obtained  from  the 
reports  of  the  United  States  Weather  Bureau : 

Rainfall  on  Muskingum  basin  in  1890,  in  inclws. 


Station. 


Aahland 

Bangorville. 

Canton 

Green  Hill.. 

Wooster 

Cambridge . 


I 


Canal  Dover '  3.28 


Carrollton . . 
G  ranville . . . 

<4ratiot 

Milfordton.. 
Killbuck... 
Pataakala... 

Pliilo 

Wai 


I 


Total. 
Mean. 


Jan. 

Feb. 

Mar. 

Apr. 

2.16 

1.24 

2.71 

0.60 

3.68 

1.64 

4.38 

1.01 

2.12 

1.72 

486 

4.45 

1.88 

1.72 

3.58 

2.41 

3.29 

1.C4 

3.  £5 

1.28 

2.17 

2.05     4.50 

1.36 

3.28 

2.18 

4.53 

2.17 

2.13 

2.54 

4.17 

2.69 

2.41 

1.84 

5.60 

2.44 

2.5)    2.21     5.48 

1.67 

2.93     1.98  1  4.62 

1.25 

3.15      .89     4.61 

1.35 

2.39    1.97 

5.38 

2.15 

2.03    2.16 

4.55 

.96 

3.06  1  1.70    5.01 

1.23 

p39.21  27.48  87.82 

27.10 

2.61 

1.83 

4.50 

1.81 

July.' Aug.  Sept.  Oct.   Nov.    Dec 


3.08 
2.78 

2.:» 

3.10 
2.86 

2.70 

22.33  142:63 
1.60  I  3.05 


Dec. 

Total. 

3.10 

30.69 

2.98 

40.09 

8.51$ 

38.15 

3.3B 

85.58 

2.78 

32.98 

3.17 

34.61 

3.59 

37.46 

3.19 

83.16 
31.42 
30.15 
38.61 
36.06 
38.^ 


35.42 
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34  FOUR   DRAINAGE   AREAS   IN    OHIO.  Iho.9L 

The  fifteen  stations  given  here  are  scattered  over  the  whole  drain- 
age area  above  £agleport,  and  the  mean  of  the  rainfall  at  these  stations 
will  give  a  fair  average  for  the  basin. 

Even  if  the  computations  for  the  discharge  of  this  stream  were 
accurate,  it'Would  be  impossible  to  make  a  proper  study  of  the  run-off 
of  this  drainage  basin,  as  the  canal  system  diverts  a  portion  of  the 
flow  of  the  northern  tributaries  to  the  Cuyahoga  River  and  of  the 
southwestern  tributaries  to  the  Scioto  River.  From  the  data  at  hand 
it  is  impossible  to  state  the  extent  of  this  diversion  and  the  effect  it 
should  have  on  the  run-off,  but  it  should  be  more  noticeable  in  the 
low  flows  than  in  the  higher  ones,  as  a  larger  per  cent  of  thfe  former 
is  used. 

From  the  above  causes  the  figures  in  the  preceding  table  shotting 
the  run-off  are  of  secondary  value.  It  is  shown  that  8.51  inches  of 
rainfall,  or  21.2  per  cent,  constituted  the  run-off.  In  the  survey  of  the 
canals  of  the  State  by  the  United  States  Engineering  Department,  in 
1895,  estimates  were  made  of  the  run-off  of  this  river  at  Zanesville. 
The  average  per  cent  of  run-off  for  eight  years  (1888-1895)  was  33,  or 
11.8  jyer  cent  above  the  estimate  for  1899.  The  average  for  three  dry 
years,  1889, 1894,  and  1895,  was  22  per  cent,  or  0.8  per  cent  above  that 
for  1899.  These  comparisons  show  that  the  figure  for  1899  is  probably 
too  low. 

From  the  middle  of  August  until  the  last  of  October  the  water  never 
rose  above  the  true  crest  of  the  dam,  and  the  constant  flow  shown  in 
the  chart  is  due  to  the  flow  over  the  depressed  crest,  leakage,  locking 
of  boats,  etc.  The  methods  used  in  the  work  would  not  admit  of 
great  refinement  in  the  estimate  of  these  low  flows,  so  an  average 
figure  was  obtained  for  them  from  the  water-power  ratings,  as  men- 
tioned above. 

DAMS  AND  WATER  POWER. 

The  traveler  through  the  older  portions  of  Ohio  has  his  attention 
arrested  by  the  desolateness  of  the  old  water-power  mills.  On  every 
hand  there  are  to  be  found  the  ruins  of  some  once  busy  mill,  its  dam 
broken  and  its  race  clogged  and  overgrown  with  weeds.  At  no  very 
distant  time  these  small  mills  entered  very  largely  into  the  daily  life 
of  a  good  portion  of  the  people,  not  from  the  importance  of  the  mills 
themselves,  but  from  the  fact  that  they  supplied  the  daily  necessities 
of  life,  especially  in  the  more  isolated  districts.  The  usual  grist  and 
saw  mill  was  here  supplemented  by  small  woolen  mills,  cooper  shops, 
an  occasional  machine  or  wagon  shop,  and  rather  numerous  cider 
presses  and  cane  mills. 

As  would  be  expected,  this  method  of  obtaining  power  was  of  more 
importance  in  the  hill}^  eastern  section  of  the  State  than  in  the  more 
level  district  of  the  north  and  west.  At  one  time  in  the  Muskingnm 
basin  water  powers  were  to  be  found  on  many  small  streams,  the  back- 
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water  of  one  dam  reaching  to  the  tailrace  of  the  power  above.  These 
nuineroas  dams  made  the  flow  of  the  stream  more  uniform  than  ever, 
and  frequently  gave  steady  power  throughout  the  year.  Evidence 
of  the  general  use  of  water  power  is  not  to  be  found  in  any  of  the 
other  three  drainage  areas,  though  the  flow  of  Sandusky  River  proper 
was  formerly  well  utilized.  In  the  Muskingum,  Maumee,  and  Miami 
drainage  basins  the  canal  system  furnished  considerable  water  power. 

Within  the  last  few  decades  there  has  been  a  decline  in  the  amount 
of  water  power,  for  several  reasons.  The  most  important  of  all,  of 
course,  has  been  the  increasing  lack  of  uniformity  in  the  run-off  of 
the  streams,  due  to  the  rapid  deforesting  of  the  tributary  areas  and 
the  ever-increasing  amount  of  tiling  and  ditching  of  agricultural  land. 
From  this  cause  alone  many  mills  that  formerly  gave  full  power  for 
twelve  months  in  the  year  can  be  used  now  for  but  six  or  eight 
months. 

In  this  state  of  affairs  it  has  become  unprofitable  to  tie  up  capital 
in  a  plant  from  which  no  certain  return  can  be  expected,  and  many 
owners  were  led  either  to  abandon  their  water  i)owers  altogether  and 
put  in  steam  plants  or,  if  the  power  were  still  good  for  short  i)eriods, 
to  put  in  an  auxiliary  steam  plant  to  tide  over  seasons  of  low  water. 
The  gradual  reduction  in  price  of  coal  made  this  scheme  more  and 
more  economical.  Another  cause  of  the  disuse  of  water  power  is 
probably  to  be  found  in  the  decline  of  water  transportation,  which 
deprived  many  of  the  mills  of  their  raw  material  and  of  a  market  for 
their  produce.  This  applies  especially  to  the  canal  powers  of  the 
Muskingum  and  Maumee  basins.  Just  as  a  decline  in  water  trans- 
portation was  inimical  to  these  mills,  so  was  the  increase  in  rail  trans- 
portation. The  cheapening  of  this  latter  method  of  transportation 
made  it  possible  for  large  concerns  to  underbid  in  the  local  markets 
the  products  of  the  local  mills. 

The  many  unfavorable  features  to  be  contended  with  in  the  opera- 
tion of  a  water-power  mill  have  tended  to  prevent  the  expenditure  of 
money  for  the  repairs  needed,  and  these  properties  have  gradually 
run  down  to  such  an  extent  that  they  can  no  longer  be  operated. 

The  silting  up  of  the  pond  areas  has  also  worked  against  the  suc- 
cessful operation  of  many  of  the  mills. 

On  the  other  hand,  there  have  appeared  in  the  last  few  years  con- 
ditions which  will  in  time  increase  the  amount  of  water  power  devel- 
oped, probably  not  at  numerous  small  plants,  but  at  large  central 
stations.  The  transmission  of  power  by  electricity,  in  connection 
with  a  general  rise  in  the  pric^  of  coal,  will  tend  more  and  more  to 
bring  about  the  larger  use  of  water  power.  Even  now  there  are  four 
plants  in  these  drainage  areas  installed  for  the  development  of  elec- 
trical power,  one  each  in  the  Sandusky  and  Muskingum  and  two  in 
the  Maumee  di-ainage  basin. 
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SANDUSKY  BASIN. 

AH  the  water  power  in  this  drainage  area  is  to  be  found  on  Sandiiskv 
River  proper.  Its  tributaries  are  too  small  to  furnish  profitable 
power. 

Following  is  a  list  of  the  dams  on  this  stream,  with  not^s  as  to  their 
use.    No  information  is  at  hand  as  to  the  amount  of  power  furnished : 

Table  shewing  dams  on  Saftdiisky  River. 


o 


1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

13 

13 

14 

15 

16 


Name. 


McMickles... 
Waterworks. 

do 

Gas  works . . . 
Waterworks. 
Indian  Mill.. 

St.  Johns 

Waterworks. 
Pioneer  Mills 

Spec 

Beckley 

Bakers 

Umsted 

Fort  Senec'A  . 

BalMUe 

First  dam 


O 

o  o 
a 

S 


96 

05 

94* 

94 

70 

68 

45 

38 

37 

36* 

36 

34* 

28 
18 
17 


Approximate  location. 


Use. 


1*  miles  above  Bucyrus . .   Watering  stock. 
Just  above  Bucyrus I  Water  supply . . . 


In  Bucyrus 

do 

In  TJpxwr  Sandusky 

Below  Upper  Sandusky.. 

9  miles  above  Tiffin 

Just  above  Tiffin 

In  Tiffin 

do 

Just  below  Tiffin 

2  miles  below  Tiffin 

3i  miles  below  Tiffin 

8  miles  below  Tiffin 

2*  miles  above  Fremont. . 
If  miles  above  Fremont.. 


do 

Gasworks 

Water  supply... 

Gristmill 

do 

Water  supply . . . 

Grist  mill 

do 

do 


"n  ' 


Gristmill 

Tile  mill 

Gristmill 

Electric  iiower 


60 
SO 
70 

;o 

70 
60 
175 
175 
250 
225 
250 
250 
200 
200 
300 
300 


2.5 

1.5 

2.5 

.4 

2.5 

.  ( 

.3 

5.5 

I 

8 

4 

4 

6 

6 
14 
14 


3 
1 

.5 

.25 

.1 
1 
1 
4 
1 

.3 

.5 

iV 
1 
1 
1.1 

.5 


I 


2> 

4 
3 

6 
30 
a) 
45 
14 
15 

2> 

ao 

15 


«  Broken  out. 

The  St.  Johns,  Pioneer  Mills,  Sj^ec,  and  Ballville  dams  furnish  power 
for  feed  and  flour  mills.  Enough  power  is  furnished  to  run  nearly 
the  year  round,  especially'  for  the  lower  mills. 

The  Tiffin  waterworks  dam  supplies  power  enough  to  run  a  1,500,Ckk  u 
gallon  pump,  working  against  about  115  feet  head,  for  eight  or  ten 
houra  each  day. 

The  "First  dam,"  above  Fremont,  furnishes  an  extensive  and  reli- 
able power  for  practically  the  whole  year. 

MAUM££    BASIN. 

The  dams  in  this  basin  are  confined  to  two  on  Maumee  River,  for 
the  supply  of  the  Miami  and  Erie  Canal;  one  on  Blanchard  River,  to 
impound  water  for  Findlay,  and  a  few  on  St.  Joseph  River,  in  Indiana,* 
for  water  power.     The  first  State  dam  is  at  Grand  Rapids.     It  is  1,(U() 
feet  long,  5|  feet  high,  and  backs  up  the  water  to  Napoleon,  19  miles 


'■^Jlyxn!*'*]  dams  anb  water  powkr.  37 

alx>ve.  The  second  is  Ih'sIow  DefiHiice.  It  is  4()0  feet,  lonjr,  7  fe4»t  high, 
^w^ith  flashboards  1  foot  high,  and  backs  tlie  water  up  iiitiO  I)t»fiance,  5 
miles  above. 

The  dam  at  Findiay  is  2<)0  feet  long,  8  feet .']  inches  high,  and  backs 
up  the  water  3  miles.  It  is  used  to  divert  the  water  of  Blanchard 
River  to  a  filtering  Imsin,  from  which  it  is  pumiMHl  by  steam  for  public 
supply. 

The  Miami  and  Erie  Canal  furnishes  power  to  run  a  flour  mill  and 
sawmill  at  Waterville,  and  a  flour  mill,  paper  mill,  and  two  electric- 
power  houses  at  Maumee.  The  fall  is  obtained  between  the  canal  aud 
Manmee  River. 

MIAMI    BASINS. 

The  decline  in  the  dams  in  the  Little  Miami  drainage  basin  is  only 
apparent  in  the  smaller  number  of  mills,  as  the  horsepower  in  use  has 
diminished  but  little  owing  to  the  more  complete  development  of  some 
of  the  larger  powers,  especially  the  one  at  Kings  Mills. 

The  data  concerning  the  Miami  dams  and  water  powers  were  ob- 
tained by  personal  inspection  and  from  reports  of  the  owners  and 
operators.  The  estimates  on  the  pond  areas  are  crude  and  are  given 
only  as  a  guide  to  the  amount  of  storage  available.  The  areas  of 
tributary  drainage  basins  were  obtained  by  planimeter  measurements 
from  the  State  board  of  health  maps  of  Ohio. 
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Dams  and  icatcr  jkjit*  r 


p 

525 


1 
2 
3 


Btream. 


Dam. 


Approximate  Irxta- 
tion. 


Great  Miami  River. 

Pourmile  Creek 

Sevenmile  Creek . . . 


New  Baltimore. 

Oxford 

Sevenmile 


Great  Miami  River.. 


.do 


6 


.do..... 


8 


9 


10 


11 


12 


Twin  Creek. 


....do 


do 


Great  Miami  River. 


...do.. 


Mad  River. 


Hamilton 


Woodsdale. 


Middletown 


South  of  West  Alex- 
andria. 

West  Alexandria . . . 


Lewisburg. 
Franklin... 


West  Car  ronton. 

Miamisbnrg 

....do 


Character. 


•*3 

■a 


a 


§ 


•a 

£3 
O 


3     i 

&       — 


Log  and  slabs 2j 

Pile  and  frame  . .  |  8 

Brush,    stone,  I  4 
and  timber. 


100  j  Poor 
140  !  Pair- 

2.(110     Fair. 


i     3 

i      4 

1    »•• 


Timber  frame... I    6  eW^JGood.      1     7»> 


do.... 


11 


....do.. 
Dayton 


2i 


5 


Log  and  timber  . 

Timber  frame . . . 

Log  and  stone  in 
3  section. 

Timber 


Timber  frame...   10 


4.10 


Fair..     2   !<•• 


ISO 


Good 


1 
« 


226     Fair. 
342     Good 


6 


5 


600  '  Pair.       li    75 


aOO     GkKxl.'     li    50 


Pile  and  frame 


260    Poor 


i     6 


F-UV 


VNH  AND"] 
KLYNN.      J 


DAMS    AND   WATER    POWER, 


39 


<>/"  Great  Miami  basin. 


Water  power. 


fa 


i-3 


Use  of  dam;  if  water 
power,  kind  of  mill. 


3,734 

70 

139 


I        — 


Flour  mill 

Feed  and  saw  mill. 
Planing  mill 


3,521    Paper  mill 


3,508 


3,080 


Foundry 

Marble  works 

Afrricnltaral  imple- 
zientfc. 

Bending  works 

Planing  mill 

Turning  shop 

Printing  shop 

Planing  mill 

Machine  shop 

do 

do 

Sawmill 

Flour  mill 

Canal  feeder  and  hy- 
draulic water- 
works. 

Paper  mill 


100 


156 


90 


...do 

:  FlonrmiU 

Machine  shop. 
Paper  mill 

Flour  mill 

do 

do 


2,677    Paper  mill 

Planing  mill 
2.610 


«40 


Oanal  feeder  and  hy- 
draulic. 

Paper  mill 

do 


Planing  mill. 
Ganal  feeder. 


I 

> 

08 

1 

bead 
ble. 

Kind  of  wh<sela. 

t 

9 

> 

< 

1 

4 

......  .........  ..  .......  1 

10 

2  turbines 

u 

One  25-inch  Victor  tur- 
bine. 

% 

26 
26 

18 

18 
18 
13 
18 
18 
18 
13 
13 

0 

9 

17* 

17 

17 

17 
18 


8i 


1  turbine. 

Overshot 

Turbine.. 


do 

do 

Overshot ^ 

Turbine .' 

do 

do 

do 

do...." 

50  and  37  inch  turbines. . 

Two  42  and  SO  inch  tur- 
bines. 

One  56-inch   American 
turbine. 

Two  88-inch    Hercules 
turbines. 

One  96-inch  Leffel  tur- 
bine. 

One  28-inch  American 
turbine. 

One  28-inch  turbine 


9 


One  32-inch  Victor  tur- 
bine. 

One  26^  and  one  35  inch 
turbine. 

Two  36  and  one  40  inch 
turbine. 

2  turbines 


14 i  5  turbines. 


14 


2  turbines. 


17*  36  and  17  inch  Victor 
turbines. 

17     One  35-inch  Victor  tur- 
bine. 

17    One  20-inch  ttirbine 


S3 

h 

'I 

■** 
O 


80 
20 
30 

200 

i& 
25 

12 

12 
12 
50 
50 
12 
12 
12 
12 
75 
100 

85 

HOO 

112 

50 

21 
90 


27 


60 

35 

100 
25 


9 

9 

9 

II 

p. 


Remarks. 


Mot. 


8 
8 

11 

11 
11 
11 

11 
11 
11 
11 
11 
11 
11 
11 
10 
10 


Little  used 2 

I  8 

I 

Auxiliary  steam.    4 


Auxiliary  steam. 
do 


Auxiliary  steam. 


Auxiliary  steam. 

I do 

....do 

Little  used 

....do 


160 

150 

20 


12    Auxiliary  steam. 


11 

11 

11 

11 
11 

8 

8 

6 

11 
11 


do 

.do 

.do 

do 
.do 

.do 


Auxiliary  steam. 


.do 


I 


10    Auxiliary  steam. 
10  1 do 


10 


Supplies  some 
water  for  hy- 
draulio. 


9 
10 

11 


12 


40 
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Damn  and  water  ^towt  r  '•/ 


Stream. 


13     Mad  River. 


14 


.do 


15  I  Spring  Run. 


16 


17 
18 
19 


.do 
.do 


Dam. 


Approximate  lrj<»- 
tion. 


Dayton 


Character. 


Stone  fill 


b     "C 

5     S 

tf        s    . 

^    --I 

1 

feet. 

(3 

d 

ts 

:<^5  5- 

.f^ 

-"-• 

o 

'®  c  —  - 

43 

A 

T3 

J3-=  5E 

•a 

^ 

^ 

^  '^  = 

W4 

F3 

a 

C       r* 

ii 

o 

1       o 

s       — 

» 

h^ 

O 

J      < 

6 


ISO 


Pair 


Hai'shmanville 


Stone  fill,  8  sec- 
tions. 


5 


Fairfield 


Mad  River Osborn 


Earth.. 
Timber 


Dnrbin Brush  and  stone 


Springfield 


Buck  Creek ' do 


20  do I do 

21  ' do I  New  Moorefleld 

I  1 

22  MadRiver 1  Springfield 


28 
24 
25 


Stone  fill. 
Cut  stone 


do... 

Stone  fill. 


.do 


Chapman  Creek 
do 


Below  Tremont 

Tremont 

West  of  Tremont i 


3 
4 

7 


4 

1 

6 


n 


850 


Fair.. 


26    MadRiver 1  South  of  Urbana 

27 


Brush,  stone,  and  !  3 
plank.                 I 

Phink I  3 

Log  and  stone ...  8 


28 


Kings  Creek KingsCreek ,  Creek    diverted  ! 

three  -  foorthB 
I     mileaboye.       | 

Great  Miami  River....!  Dayton '  Log  a&d  stone...  I    8 


76 

1 

1 

Fair.- 

30 

Poor  . 

70 

Pair.- 

IGO 
60 

fiO 


Pair. 
Poor 
Fair. 


125  1  Poor 


680 


Poor . 


il   * 


I  an 


170    Pair..;      i  lU 


100    Poor 

75    Poor 

150    Pair. 


1  ,   » 

*    s 

I 

i    3 
A-- 

4     4 


i     6 
i     4 


I 


70 


JANS    AND"! 
FLYNN.       J 


DAMS   AND    WATER   POWER. 


4] 


In  fit  Miami  Imsin — Continued. 


T-   2 


•^  X 


Use  of  dam;  if  water 
power,  kind  of  mill. 


«e  .  Paper  mill 

Cereal  mill 

Linjseed-oil  mill. 

Floor  mill 

Plow  works 

Flour  miU 

Flax  mill 

Plow  works 

Flom-mill 

T^  works 

Scale  work8 

Flour  mill 


Water  power. 


a 


Kind  of  wbeelfl. 


ilSS) 


•  Linseed-oil  mill 

Brewery 

Foundry  and   ma- 
chine shop. 

!  Com  shelter 

I 
I 

]  Qrain  elevator 

I do 

Shoe  factory 


16 
16 
16 
16 
16 
16 
16 
16 
10 
10 
10 
10 

10 

10 

8 


Orerahot 

do 

do 

1  turbine 

Overshot 

...-do 

....do 

....do 

One  2S-inch  turbine 


I 


3  overshots,  10-foot  di- 
ameter. 


Sawmill.. 
8    Feed  mill 


57o    Flour  mill 


do 


4J«  '  Not  used.. 
447  Flour  mill 
1.7)   do 


Machineshop 

—  ■  Not  used  for  power 
H2    Feed  and  flour  mill . 


390    Feed  mill. 
I  Flour  mill 


8 
8 

4 

8 
12 

8 

8 


8 
24 


One  45-inch  American  ' 
turbine. 

One  48  and  one  96  inch 
turbine.  ' 

One  48-inch  turbine ' 

One  8-foot  reaction 

Three  48  and  90  inch  tur-  ' 
bines.  ' 

Four  3&-inch  turbines 

One  90-inch  turbine ' 


MS 

03 

■*.> 
O 


130 

90 

25 

15 

6 

9 

9 

6 

6 

90 

95 

90 

16 
12 
25 

50 

26 

20 
190 


!      « 

'   s 

I  w 


52 


Remarks. 


i 


Auxiliary  steam .  19 

...do 

....do 


Mob. 
10 
10 
10 
10 
10 
10 

10   

10   

10  ,  Auxiliary  Hteam 

10  ' 

10 

10 


Auxiliary  steam. 
do 


10 


10    Auxiliary  steam . ' 

10    Auxiliary  steam  ' 
(canal  to  river). 

Little  used 14 


do 
do 


One  72-inch  Leffel  tur- 
bine. 

One  95-inch  Leffel  tur- 
bine. 


75 
15 


76 


95 


12    Only    40   horse- 
power used. 

Little  used 

do Il5 


11     2  short  stone  sec-    16 
tious  to  dam.     i 


8 


Turbines 40  8 

One  42-inch  Leifel  tur-  100  9 
bine.                                         i 

do I  80,  12 


276 


24 


.do 


.do 


18  '  Feed  mill 


166   do 

27    Feed  and  flour  mill . 


10  I  One  82-inch  Leffel  tur- 
I     bine. 

8     Two  6-foot  reaction 

8  I  Two  24  and  92  inch  tur- 
I     bines. 

7  '  One  48  and  one  40  inch 
;     turbine. 

16  I  Overshot;  16-foot  diame- 
i     ter,  5|  breast. 

14  !  Overshot;  14-foot  diame- 
I     ter,  8-foot  breast. 

I 

4 
14 


1,811  ,  Iftehlne  ihop. 


8 


2  turbines 

Overshotand  80-inch  tur- 
bine. 

8  Stniwell-Bieree   tur- 
binee. 


29 

20 
40 

50 

90 

25 

20 
60 

90 


6 

10 
10 


Auxiliary  steam. 


17 

Little  used 18 

Auxiliary  steam.  19 


-do 


20 
21 

22 


29 


6     Little  used 24 


6 

6 
9 

9 


do 


.do 


25 

26 
27 


Auxiliary  stMin.  28 


42 
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[NO.  il 


Daniis  ami  te^attT  jjotr^ ;  i»/ 


B 


80 


30 


Stream. 


Stillwater  Creek 


Weimer  Branch 


Dam. 


Approximate  Ioca- 
tion. 


3^    miles    south    of 
West  Milton. 


Character. 


■ 

4^ 

? 

1 

<H 

«4 

d 

(3 

-M 

A 

jd 

u 

mX 

d 

^ 

9 

» 

^ 

?  it 

t  i  -  i 


^        re 


81     Cedar  Branch 


38     Vore  Branch 


Stone  fill  and  tim- 
ber. 

Earth 


33 
34 
35 

36 

37 

38 


Rutledge  Branch . 
Stillwater  River  . 
do 


.do 


3    miles    south    of 
West  Milton. 

U    miles    south    of  I do _ ' 

West  Milton.  ;  | 

One-half  mile  south    Timl)er  and  stone 
of  West  Milton.       j 

West  Milton '  Earth ' 

Above  West  Milton  . 

North   of     Ludlow 
Falls. 

Sugar  Grove I  Timber  frame 


O    I 

1 
5i 

10 

4 


150  J  Poor 


Pair 


1    i: 


r5  •  Fair.    ....     4 


140  I  Fair 


Stone  mi. 
Timber  ., 


Painter  Creek  . . . 
Stillwater  River. 


do 

Covington 


.do 


Stone    All     and 
concrete. 


39     Greenville  Creek 


.do Timber  frame 


40 
41 
42 


do 

.do 

do 


West  of  Covington 

Gettysburg 

New  Harris 


.do 


Stone  fill. 


4,3  I do 

44     Stillwater  River. 


Above  Greenville 
Covington 


Timber  frame . . . 
Frame  and  stone . 
Log  and  stone . . . 
Timber 


3 
5 


5 


12 
3 

12 

6 

4 

0 


IQO 
100 

1£> 

50 
lUO 

15:5 

120 


Poor  . 
Fair..' 

Pair.. 

Pair . . 
Good. 

Good. 

Pair.  • 


45     Spring  Branch 2  miles  east  of  Troy 


46  .  Great  Miami  River. . 


Troy 


12i     Poor 


200     Good 


5 

1*' 


180 
100 
100 


Pair 
Pair 
Pair 


47 
4« 
49 
50 

51 
52 
53 


do Below  Piqua do 

do ,  AbovePiqua.- Timber 

do i  Below  Sidney do 

Mosquito  Creek Sidney I  Stone  fill 

do 

Great  Miami  River. . 
do 


Pasco 

Port  Jefferson 

Quincy 


.       1 
i     4 

1     li 


1 
1 

I     l: 


4 


I    4> 


I'LYNN  AND"! 
l-LYXN.      J 


DAMS    AND    WATER   POWER. 


48 


Cireat  Miami  ba»in — CoutinntMl. 


• 

u 

:    I? 

f? 

♦<  s 
*-- 

H 

< 

1 

I         * 

fi 

3 

573 

471 

1 

456 
197 

* 

Use  of  dam:  if  water 
'  power,  kind  of  mill. 

1 

"Water  power. 

1 

Average  head  avail- 
able. 

Kind  f>f  wheelH. 

1 

11 

C 

40 

12 

20 

12 

10 
21 
25 

35 

70 
45 

80 

20 

25 

40 

^      Approximate    time 
S                 available. 

90          <D    ' 

Remarks. 
Little  ufled 

1 

• 

u 

JS 

a 

FloTxr  mill 

8 
10 

• 
2  turbines.. 

29 

do 

do 

do 

1  turbine 

:« 

56 

20 

One  10-inch  Leffel  tur- 
bine. 

Overshot;  20-foot  diame- 

8 

8 



• 

31 
32 

Woolen  miU 

Flnnr  mill 

18 
4 
6 

ter,  ^foot  breast. 

One  G-lnch  turbine 

One  48-inch  turbine 

One  40-inch  Victor  tur- 

8 

9 

10 

12 

8 
12 

12 

10 

10 

Little  used 

do 

33 

Plaster  mill 

!  Fkmr  mill 

35 

1      bine. 
6  '  One  aO-inch  and  one  2r>- 

;« 

Sawmill 

12 
6 

28 

inch  turbine. 

Two  35-inch  turbines 

One  40-inch  and  one  35- 
inch  turbine. 

Two  21-inch  Victor  tur- 

Little used 

...  .do 

37 

1  Saw  and  feed  mill. . . 
Electric-light  plant . 

38 
39 

l(« 

Pmw^  mfll 

bines. 
6  !  One  48-inch  Leifel  tur- 

40 

173 

do 

6 
7 

bine. 

One  23-inch  and  one  48- 
inch  Leffel  turbtiie. 

One  Leffel  turbine 

Little  used 

41 

157 

Flour  mill 

42 

110 

Flonrmill 

6 
16 

One  4D-inch  turbine 

2  Victor  turbines 

20 
50 
25 
25 
75 

6     Auxiliary  steam. 
8l 

6     Little  used  ...  .  _ 

43 

233 

do 

44 

Comsheller 

10 

1  turbine 

3 

8<^WTnil1 , 

29 
12 

Turbines 

45 

910 

"Flour  mill 

One  44-inch  Ekslipse  tur- 
bine. 

12 

46 

1 

876 

Notnsed 

47 

57M 

Oinal  feeder  . 

_ 

4H 

5.J0 
60 

56 
^£ 
397 

Flour  and  feed  mill. . 
Electric-Ught  plant . 

Flour  m*ll  . , 

11 
41 

25 

2  Leffel  turbines 

50 
61 

60 

9 

Auxiliarv  steam. 

40 

One  20-inch  Leffel  tur- 
bine. 

Four  15-inch  turbines . . . 

• 
10    Auxiliary  gas 

8   

50 
51 

Onnal  fe^e^, . 

52 

Flour  mfll  ...  

5* 

One  45  and  one  35  inch 
Leffel  turbine. 

45 

12 

58 

44 
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Btream. 

Dam. 

p 

1 

a 

Approximate  loca- 
tion. 

Character. 

Height  in  feet. 

Length  in  feet. 

Condition. 

1  1 

1 

Miami  and  Erie  Canal, 
do      

Hamilton 

2 

Excello    

1 

1 

8 

do 

do 

Amanda              .   ,   . 

1 

4 

Middletown 

1 

5 

.do   

Franklin 

1 

1              1 

A 

do 

do 

do 

Miamisburff 

1 

7 

Weet  GarroUton 

1 

8 

North  of  We«tCar- 
roUton. 

do 

1 

9 

do 

' 

10 

do  .              

Tinnecanoe 

1    1       1 • 

11 

do 

Below  Piqua 

18 

do 

do 

1 

18 

do 

Piqua 

1 

14 

Hydraulic  from  canal. 

do 

1 
1 

1      ' 
1 
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Great  Miami  basin — Ck>ntmned. 


CANAL  WATER  POWER. 


*§  *    '  Use  of  dam;  if  water 
P  c*     power,  kind  of  mill. 


Water  power. 


Knitting  miU. 

Paper  mill 

-...do 


-3 

► 

at 


» 

► 

-< 


do 
do 


Flour  mill. 
Paper  mill 
Floor  miU. 


.do 
.do 


do... 

Elevator 


Flour  mill 


Waterworks. 


Kind  of  whoeltt. 


4 

*l 

9 

12 


8 

i 

9 

I 

9  I 

11  I 

I 

ao 


1  turbine 

t  Herculee  turbines 

Two  &4  and  one  96  inch 
American  turbines. 

2  turbines 

One  48-incb  American 
turbine. 

One  36  and  one  42  inch 
American  turbine. 

One  32  and  one  90  inch 
Victor  turbine. 

One  36  and  one  42  inch 
Victor  turbine. 

1  turbine 

fiO-inch  and  21-inch  tur- 
bines. 

1  turbine 

Overshot,  9  feet  diam- 
eter, 12  feet  breast. 

One  36-inch  Victor  tur- 
bine. . 

2&-inch  and  90-inch  Vic- 
tor turbines. 


u 

% 

o 

s 

8. 

H 

^1 

11 

0 

< 

20 

100 

75 

20 
50 

40 

TO 

50 

25 

40 

25 

80 

ao 

210 


Mo9. 

11 


10     Auxiliary  ga.s. 


12 


Little  used. 


9 
10 

11 
12 

13 
14 
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Davis  and  water  p^nt^T 


Stream. 


5Z5 


1 
2 

3 


5 
6 


7 
8 

0 
10 


11 
12 

18 

14 
15 


16 
17 
18 
19 

ao 

21 
22 

28 

24 


Little  Miami  River.... 

East    Branch,    Little 
Miami. 

do 


Dam. 


Ai>proximate  loca- 
tion. 


Little  Miami  River 


.do 
.do 


Plainville 

Above  Batavia. 

Williamsburg  . 

Symmes 


Loveland 
Fosters  .. 


.do 
.do 


Kings  Mill 
Morrow... 


.do 
CaBsars  Creek. 


Hammel. 
Freeport, 


Above  Freeport 
Harveysburg . . . 


Little  Miami  River. 

Gladys  Rnn 

Little  Miami  River. 


Waynes  ville 


Spring  Valley 
Bellbrook 


Beaver  Creek Alpha 

Little  Miami  River Trebeins . 


...do 


Massicks  Creek . 


Little  Miami  River Goes 


Old  Town. 


Cedarville 


do 

do 

Branch  of  Li  ttle  Miami 
River. 

Little  Miami  River....   Clifton 


Above  Goes 

Sonth   of   Yellow 
Springs. 

Yellow  Springs 


Character. 


Timber 

Log  and  stone  fill 


Katnral  riffle 


.do 


Log 

Timber 

do.. 


la 

n 


I 

VI 


g 


0 

o 
o 


l»*     - 
is      c 

IS  •    *2 


84 
4i 


Brash  and  stone. 

do 

Timber  frame . . . 


Brush  and  stone. 
Plank  and  log... 

Timber  and  stone 
Timber 


4 
5 

6 
6 

4 
4 


I 


doo 

75 


Log 


2  , 

4; 

3i 


Stone  fill. 


Timber  frame . 


do.. 


Cut  stone 

Timber  frame . . . 

Timber  and  stone 
Timber 

Cut  stone 

do 


3 


6 

9 

6 

24 

6 

4 
4 

10 

15 


ano 

300 

900 
300 

260 
310 


Poor 

Fair. 


Poor  . 

Fair. 

Good 
Fair. 

Poor 
Good 


1 
1 


30 
30 


1  ,l<t» 

1    »• 

\ 
I 

Ij'  ¥\ 


150    Poor 
100  '  Poor 

150  .  Fair..'     1 


i      6 
i      4 


36 
150 


Fair. 


Poor 


150    Fair. 


290  I  Fair. 


15 

1 
15 


I      i 


80  ,  Good."       i 


2r. 


30 


90 


i5 


80 


Good. 

GoodJ 

Fair..l 

Fair..! 


60  ;  Fair.. 


4 
5$ 


1«) 


Good. 


I    10 
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of  UttU'  Miami  basi'.i, 


•1  a 


Water  power. 


U»e  of  dam,  if  water 
poorer;  kind  of  mill. 


I 


Si 

< 


Kind  of  wh4H*lM. 


i 


-I 


5'i5 


c 


I 


p. 


RemarkB. 


a 

0 


l.flRS  .  Flourmill 

^3     Fk>nr  and  feed  mill . 

3lo     Flonrmill 


1.1U 


._..do 


20 


1  reaction,  2  turbines 

One  dB-inch  Leffel  tur- 
bine. 

Overshot.  30  'fiHjt  diam- 
eter, 4  feet  breast. 

Two  48  and  one  40  inc;h 
turbines. 


l,li«     Xot  used. 


25 

4<) 


.Von. 

10  Littleuned I 

8  Auxiliary  st(«m.  2 

«  Little  used 3 


10 


do 


TSK 


Flournaill- . . 

Sawmill 

Powdermill. 


79* 

(SUS     Flourmill 

8Ta     Feed  mill . 
«.'*8  :  Flourmill. 


8 

8 

20 

0 

8 
8 


Sawmill. 


»S>3     Flourmill. 
301     Feed  mill  . 

;  410  Flourmill. 
Sawmill... 
Flour  mill. 


I 

8 

8 

8 

24 


S  turbine 

One  ao-inch  turbine 

One  50  and  two  ijB  inch 
Leffel  turbines. 

Two  48-inch  IiefTel  and 
one  44-inch  Victor  tur- 
bines. 

1  turbine 

Three  d6-inch  Victor  tur- 
bines. 

One  8B-inch  Victor  tur- 
bine. 

40,  50,  flO  inch  turbines. . . 

One  40  and  one  28  inch 
turbine. 

2  turbines 

1  reaction 

1  American  turbine 


915  ;  Sawmill... 

Flourmill. 

35     Feed  mill  . 


246  ■  Flourmill. 


tStA 


fti 


-do 
do 


lat     Powdermill. 


113  .  Flour  and  feed  mill. 
109  '  Feed  mill 


! 

8  : 
11 
12 

24 

I 

I 
8i 

9 
6 


4     Not  used 


One  ae-inch  Victor  tur- 
bine. 

One  40-lnch  Victor  tur- 
bine. 

Overshot,  8  feet  diam- 
eter, 15  feet  breast. 

One  48-inch  American 
turbine. 

One  30-inch  Victor  tur- 
bine. 

2  new  American  tur- 
bines, two  95-inch 
American  turbines. 

One  90-inch  Leffel  tur- 
bine. 


One  48-inch  Leffel  tur- 
bine. 


80 

an 

TOO 
60 

ao 

100 
90 

35 

40 

75 
20 
17 

40' 

60 

25 

40 

(»< 

I 
50 

40  I 

40 
16 


Mill  burnt 


10  i 
10 
9 

9 


6 
6 


I 


Auxiliary  steam.'  7 
8 


0 

8 


Little  used 9 

10 


I 
Little  used ill 

do 12 


8   13 

8    

6  I  Auxiliary  steam, !  14 
I      140  horsepower. 

8     Little  used 16 


do 


6 


do 


IH 


8  Auxiliary  KAH 17 

I 
10     Auxiliary  Hteam.  18 

9    do 19 


.do 


20 


9     Little  used 21 

9   28 


t 


97  •  Flourmill. 


I 

26     2  Leffel  turbines,  26  and        50 

15  inches. 

Sawmill 20    1  Leffel  turbine,  28  inches       25 


9     Little  used. 
9    do 


23 


24 
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In  the  Great  Miami  basin  there  are  53  dams,  only  2  of  which  are  uu\ 
in  use.  Five  divert  water  for  the  supply  of  the  Miami  and  Krie  Canal, 
tind  48  furnish  water  power,  2  dams  supplying  both  the  canal  anil 
water  i)ower.  The  48  dams  furnish  about  89  mills  with  a  tot^l  liors*'- 
power  of  4,158,  or  an  average  of  47  hoi'sepower  per  mill.  In  18^^^ 
according  to  the  United  States  census,  there  were  in  the  Great  Miami 
basin  218  mills,  using  about  7,191  horsepower,  or  33  horsepower  |Hr 
mill.  In  twenty  years  there  was  a  decline  of  59  per  cent  in  the  num- 
ber of  mills,  but  only  of  42  per  cent  in  the  total  horsepower  in  use. 

In  the  Little  Miami  basin  the  table  gives  24  dams,  2  of  which  aiv 
not  in  use,  and  the  22  remaining  supply  power  for  28  milln,  using^  1,S<>3 
horsepower,  or  64  horsepower  per  mill.  In  1880  there  were  59  mills, 
using  1,056  horsepower,  which  is  33  per  mill.  This  is  a  decline  of  "if 
per  cent  in  the  number  of  mills,  but  only  8  per  cent  in  the  total 
horsepo>ver  in  use. 

On  the  Miami  and  Erie  Canal,  within  the  Great  Miami  drainage 
basin,  there  are  given  14  mills  using  860  horsepower,  or  Gl  per  mill. 
In  1880  there  were  48  mills  using  2,011  horsepower  from  the  canal. 
If  the  above  figures  are  correct,  there  was  a  decline  in  twenty  years 
of  70  per  cent  in  the  number  of  separate  powers  and  of  57  per  ct-ut 
in  the  total  horsepower  in  use. 

The  decline  in  the  use  of  water  power  on  the  canal  is  no  doiiht  luaiiily  dae  t<  • 
the  falling  off  of  navigation,  which  left  many  of  the  mills  without  sufficient  iu«iix- 
of  obtaining  supplies  or  of  disposing  of  their  product.  The  general  tendency  t*"* 
use  the  more  reliable  steam  power  in  preference  to  water  power  and  the  increax.- 
of  comx)etition  were  also  factors  in  the  abandonment  of  the  small  water  powers. 

In  the  water  powers  supplied  from  the  streams  direct  the  principal  and  aliii<.<?:t 
only  cause  in  a  numl)er  of  places  was  the  decrease  in  run-off  from  the  tributary 
drainage  basin  and  th^  increase  in  the  variation  of  this  flow.  This  is  a  clause 
which  has  been  expounded  at  such  length  that  there  is  no  further  need  for  dis- 
cussion here.  It  is  altogether  too  true  that  the  rapid  deforesting  of  the  State  ha.* 
seriously  affected  the  regularity  of  the  flow  of  the  streams.  Where  there  wa*» 
formerly  a  fairly  constant  stream  of  water  flowing  there  is  now  a  variable  one. 
dry  in  summer  and  with  f  re(iuent  floods  in  the  spring. 

The  other  factors  which  enter  into  the  question  of  the  decline  in  the  use  of  wat*fr 
power  are  the  filling  up  of  the  reservoirs  and  impounding  areas  and  the  natural 
deterioration  of  the  plants. 

The  first  of  the  alx)ve  is  one  which  can  not  be  avoided  and  one  which  recinires 
radical  treatment  to  remedy  the  evil  effects.  With  the  greater  variation  in  th«* 
flow  of  the  streams  and  with  a  rapidly  decreasing  storage  capacity  the  ^rat^T 
power  available  was  most  seriously  affected.  Instead  of  being  able  to  store  the 
night  flow  for  use  during  the  day,  it  is  necessary  to  depend  upon  the  average  daily 
flow  of  the  stream. 

The  natural  wearing  out  of  the  plants  from  long  use,  coupled  with  lack  of  means 
for  repair  and  renewal,  is  causing  many  of  the  smaller  plants  to  be  abandoneil. 
The  old-school  millers  are  dying  off  and  the  younger  men,  failing  to  find  the  ojw-r- 
ation  of  a  small  isolated  mill  remunerative  enough,  aluindon  it  and  seek  oth^r 
fields  for  enix)loyinent. 

The  water  power  is  employed  in  both  these  drainage  areas  for  a  much  Kreatt»r 
variety  of  work  than  in  the  other  drainage  areas.  The  isolated  powers  art*  still 
mainly  used  in  flour,  feed,  and  saw  mills,  but  the  jxDwer  developed  by  thf 
'* hydraulics"  in  Dayton,  Middletown,  and  Hamilton  is  used  in  a  numlier  of 
different  industries.     The  large  paper  mills  of  the  two  last-named  places  deprive 
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at  least  some  of  their  power  from  this  source.  In  a  few  caaes  where  the  water 
lM>^rer  is  not  sufficient,  steam  has  been  substituted  and  the  water  of  the  privilege 
used  for  boiler  supply,  washing  purposes,  etc. 

The  Hamilton  *' hydraulic''  supplies  some  12  mills  and  factories  with  434 
horsepo-wer.  The  water  is  brought  from  the  river  by  a  race  5  miles  long  and  is 
distribnted  to  the  various  powers  in  such  a  way  that  some  have  the  full  head  of 
26  feet  from  race  direct  to  the  river,  a  few  have  a  13-foot  head  between  the  race 
and  a  tailraoe,  emptying  into  the  old  river  bed,  the  remainder  having  18  feet  head 
from  a  second  level  to  the  river.  The  full  head  of  this  last  group  is  not  used  at 
present,  there  being  7i  feet  fall  between  the  first  and  second  levels. « 

The  next  important  power  is  found  at  Middletown,  where  the  State 
(lam  sends  a  part  of  the  flow  of  the  river  to  a  ** hydraulic"  or  water- 
way, which  now  supplies  658  horsepower^ to  6  plants,  including  the 
city  waterworks.  The  fall  is  obtained  directly  between  the  waterway 
and  the  river,  and  varies  from  17  to  18  feet,  according  to  the  location 
of  the  power.  This  power  is  good  for  from  ten  to  twelve  months  in 
the  year  and  is  one  of  the  best  in  the  district. 

At  Miamisburg  about  330  horsepower  is  furnished  to  3  mills  by  a 
dam  in  the  Great  Miami  River  at  West  CarroUton.  In  consideration 
of  supplying  a  certain  amount  of  water  to  the  canal  the  waterway  is 
used  as  a  race  for  a  portion  of  its  length. 

At  Dayton  a  waterway  from  Mad  River  supplies  15  manufacturing 
establishments  with  384  horsepower,  not  all  of  which  is  in  use,  how- 
ever. The  fall  is  obtained  between  different  levels  of  the  waterway, 
U>tween  these  and  the  canal,  and  between  the  latter  and  the  river. 
The  water  is  not  sufficient  at  all  times  for  the  power  rented,  and  all 
of  the  latter  is  not  used. 

Above  Dayton,  at  Harshmanville,  Mad  River  furnishes  about  3()0 
horsepower  to  a  number  of  small  mills,  but  at  the  present  time  only 
4( »  horsepower  is  used. 

At  Piqua  a  waterway,  supplied  principally  from  the  canal,  at  one 
time  furnished  power  to  a  large  number  of  mills.  At  the  present 
time,  however,  it  furnishes  only  about  210  horsepower  to  the  city 
waterworks. 

In  the  Little  Miami  drainage  basin  by  far  the  most  important 
power  is  that  developed  at  Kings  Mills  by  the  King  Powder  Com- 
l>aii3''.  At  first  the  water  was  conducted  through  a  long  race  to  a 
number  of  isolated  mills  scattered  along  the  river  bank  for  2  miles  or 
more.  Now  it  is  conveyed  to  a  central  power  plant,  where  it  is  used 
to  generate  electricity,  which  is  in  turn  conve^'ed  to  the  isolated  mills 
necessary  in  the  manufacture  of  powder. 

MUSKINGUM  BASIN. 

As  would  be  expected  from  its  topography,  this  district  was  much 
more  favorable  to  the  development  of  water  power  than  either  of  the 
other  two. 

The  following  table  has  been  prepared  to  show  the  number  and 
character  of  the  dams  still  standing  and  the  nature  and  amount  of 
water  i)Ower  derived  from  them  and  also  from  the  canal  system : 

a  From  Fifteenth  Beport  Ohio  State  Board  of  Health,  p.  609. 
IBR  91—04 4 
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Dams  and  water  potrer 


B 

0 


1 

2 
8 


4 
5 
6 

7 


8 

9 

10 

11 
12 

18 

U 
16 

16 


17 

18 
10 
20 


1 
2 


Watershed  and  wa- 
ter courBe. 


MUSKINGUM  RIVKR. 

Muskixigum  River. . 

do 

-do 


Wolf  Creek 

...do 

do 

Mnskingnm  River. 


.do 
.do 
.do 


.....do 

Salt  Creek 


Approximate  loca- 
tion of  dam  or  wa- 
ter power. 


Marietta 

Devols... 

Lowell... 


Watertown  .. 
Wolf  Creek  .. 
Pattons  Mills 
Beverly 


LakeChate 

Stockport 

McConnelsville 

Eagleport 

Near  Sundale . . 


Muskingum  River  .}  Taylorsville  or 

I      Philo. 


Jonathan  Creek 
do 


Muskingum  River 


Dresden    Side    Cut 
Canal. 

Wakatomika  Creek . 

do 

Ohio  Canal 


LICKING  CKKKK. 

Licking  Creek 


Powells 

White  Cottage 

ZanesvlUe 


Dresden 


Below  Bladensburg 
Alx)veBladen8burg 
Adams  Mills 


Dam. 


Character. 


u 

5 


o 


4i  ♦* 


a 


*s 


2  w  ? 


J3 

3     3 


ii's^  ill 


a       ^^ 


< 


u  e 


Q^^ 


Timber  frame 
do 


Good-   12 
Good.   10 


480 
588 


.do ,  Oood.    11     848 


61   250 
8     500 

lU  .  WO 


7,:» 

7,736 


.do I  Fair..  ^ 

-do I  Poor  .  4 

.do Poor  .  4 

.do Good.  10 


90 

1*. 

75 

1 

00 

1 

706 

8 

15 

10 

600 


119 
7,473 


do 

Good. 

11 

546 

do 

Good. 

11 

482 

do 

Good. 

11 

472 

do 

Good. 

11 

515 

do 

Poor  . 

8 

75 

.do Good.,    9     738 


546  I  6  ,  860  ;  G,fBl 
9  500  ;  ft^SOS 
8     400  :  6,8H» 


10  ,  <nO     6.8«l 


9     700  '  6,646 


.do 


Poor-!    8 


296 


1       4D 


leQ 


Cutstone Good.     9.108      1      20  j      15r< 

i         -        I 

Timber  frame.' Good.     8  1514     10    600     5.851) 


Log  and  stone  .   Poor  . 
Log I  Poor  . 


3  '  100 
5  I    75 


2 
2 


ft^ 


South  Fork  Licking 
I      Creek. 

8    North  Fork  Licking 
Creek. 


Zanesville . . , 
Kirkeraville . 

Utica 


Timber  frame . >  Good. 
do I  Pair. 


1 
2 


WILLS  CREEK. 

Wills  Creek 

do 


-do I  Good 


i 
7     dS& 

U     75 

8 
i 

4^  170 

1 

1 

120 
1 

20 


7X< 

48 

117 


8  do 

4  Salt  Fork.. 

5  Wills  Croek. 

6  do 


I  Plainfleld Timberframe.   Poor  .j  7     135 

Linton  Mills Timber     and  '  Poor  .  8  '  160 

stone. 

Kimbolton TimlxT Pair..  8i    60 

Clio Log  and  Htone  .    Poor.  8      .TO 

Bt»low Cambridge.  Log Fair..  7|    60 

Senecaville Timber 'Pair..  5i<    50      2 


8 

4 


4 
4 


») 

7:r» 

70 

7»B 

STi 

648 

211 

<i 

20 

4iH 

10 

l:> 
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of  Muskingum  bcufin. 


Water  power. 


Use  of  dam  or  water 
power. 


Navi^^tioii,  flour  mill. . . 

do. 

Navigation,  planing  mil] 
Flour  xniU 

Fkmr  and  feed  mill 

Not  naed 

Feed  mill 

Navif^adon,  flour  mill. . 
do 

Sawmill 

Planing  mill 

Navigation 

Navigation,  flour  mill. . . 
do 


a 
•ft 

1 


Number  and  kind  of  water 
wheels. 


9  OB 
O 

"•si 


I  < 


Oii'  9 


12 
10 
18 
13 


Three  50, 52,  and  66  inches ..  I 

Three  48-inch  turbines ' 

One  42-inch  turbine 

One  48-inch  turbine,  one  54-  ' 
inch  rearction. 


9i  One  ao-inch  torbine 


4  .  Turbine 

10  '  Two  60-inch  reaction.. 
10  I  42  and  54  inch  tnrbine. 


10 
10 


One  48-inch  turbine . 
One  58-inch  reaction 


180 
80 
85 
50 

46 


12 
12 
12 
12 

9 


10 
SO 
45 
55 

85 


12 
12 
12 
12 


Mill  abandoned. 
Very  little  uaed 


Navigation 

Fe«d  and  saw  mUl. 


11    72,  72,  and  60  inch  reaction . . '     50 

11     Six  54-inch  reaction,  two  60-      120 
inch  reaction. 


12 
12 


Navigation,  flour  mill . . .  ■    9 


Feed  and  flour  mill. 
do 


Navigation,  flour  mill. 

Coffin  factory 

Fnmiture  factory 

Ice  factory 

'WoolenmiU 


Feed  mill . 

do 

Flour  mill. 


8 
9 

8 
13 
14 
16 
22 

12 

6 

22 


3  turbines,  85,  28,  and  24 
inches. 

One  60-inch  turbine,  two  54- 
inch  turbines,  three  48- 
inch  turbines. 

6  reaction 


30 
135 


6 


12 


One  42-inch  turbine,  three 
48-inch  reaction. 

Two  60-inch  turbines 

One  ^inch  turbine 

do...: 

do 


One  22-foot  overshot,  6-foot 
breast. 

Turbines 

do 

One  35-inch  turbine 


20 

40 

9 

50 

12' 

55 

12 

60 

12 

50 

25 

^ 
1 

Little  used 

Canal  to  river .. 


I 


1 

2 
8 


4 
5 
6 

7 


8 

9 

10 

11 
12 

13 


Little  used 14 

15 


16 


r 


FlourmiU 7 

Canal  feeder,  saw  and  11 
feed  mill. 

Flourmin 9i'  Two d5-inch  turbines. 


Two  40-inch  turbines. 
Turbine 


16 
10 
96 


100 
30 

31) 


8     Little  used 18 

8    do 19 

12  I  Canal  lock 20 


12 


Little  nscd. 


6 


1 
2 

3 


I                                                     t           '  ■ 

Notnaed , Mill  abandoned. 


Feed  mill 8    1  turbine,  1  reaction. 

Flour  and  saw  mill 8    Turbines 

Notused 


30' Little  used. 

26  I 


Mill  standing 


ftjaw  luid  flour  mill 
Flour  mUl 


7    48-inch  turbine 

5j^l  One  48-inch  turbine 


37 

20 


8   . 
6  I. 


1 
2 

3 
4 
5 
6 
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Dams  and  neater  power  of 


£ 

B 


2 
3 
4 


9 
10 
11 

12 
13 
U 

15 
16 

17 
18 
19 
20 

21 
22 

23 
24 


Watershed  and  wa- 
ter course. 


Approximate  loca- 
tion of  dam  or  wa- 
ter power. 


WAIiHONDINO  CRKBK, 

Walhonding  Feeder. 


Walhonding  Creek. 

Deughty  Fork 

do 


Roscoe. 


Dam. 


Character. 


a 
o 


Above  Coshocton 

Below  Clarks 

Above  Clarks 


Timber i  Good 

Log Fair. 

Stone  and  tim-  i  Fair, 
ber  frame. 


Becks  Mills '  Timber  frame.   Fair. 


Killbuck  Creek. 

Point  Creek 

Salt  Creek 


East  of  Saltillo 

Northeast  of  Sal- 
tillo. 

Smiles  south  of 
Berlin. 

Killbuck 

Point  Valley 


.do 


Stone     and 
timber. 

Timber  frame . 


Timber i  Fair. 

do '  Poor 


•a 


4 
5 
6i 

9 


Fredericksburg do 


Bun  to  Killbuck Near  Mill  Brook . . .   Earthen. 

Apple  Creek i  East  of  Wooster  . . . '  Timber  frame 

Apple  Creek,  North  ,  Northeast  of  Woos-  do 


Branch 
Killbuck  Creek 
Beaver  Run 


ter. 

Burbank do... 

Shannon Earthen. 


g 


•S3 

a 


M  « 

O  »-  I 

h  «  I 

^  I 


:5 


5^ 

2^ 


T    ' 


r  I 


875 

80 
150 

100 


i     15     t,14S 

i       1  48 


1     15 

i 
4      1 


Kokofling  River 

Big  Schench  Creek . 

Kokosing  River '  Gambier 

do i  Mount  Vernon 


Millwood I  Log 

Monroeville Timber 

Timber  frame .  I 


.do 


do Fredericktown 

do Above    Frederick- 

I      town. 

t 

do Ankenytown 

Mohican  Ri  ver Brinkhaven 


Log  and  gravel , 
Timber  frame 


Timber Poor  . 


do 


25     Run  to  Jerome  Fork .   Above  Mc  Zena Earthen Poor 

36  do '  Mohicanville Timber  frame . '  F&ir 


of 


do 


27  ' do Southeast 

.      Springville. 

do Springville Elarthen. 


28 
29 
30 
81 


Jerome  l'*ork '  Jeromeville 


Clear  Fork. 
do...    . 


Below  Butler. 
Alx)ve  Butler 


Timber 

Stone 

Timber  frame 


31 


!-:> 


1 

1 

1 

181 

1 

l.)< 

2 

i:« 
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FLYNN.      J 


DAMS    AND   WATEB    POWER, 
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yfftskingum  Ixishi — Continned. 


Water  jjower. 

1 

I 
i 

X  HO  of  dam  or  water 
|K>wer. 

• 

1 
a 

1 

Number  and  kind  of  wat<»r 
wheels. 

a 

o 
■    K 

50 

'      25 

98 

25 

Approximate  time 
available  (months 
K,  he                per  year). 

Remarks. 
Canal  to  creek 

1 

a 

Flonrmill 

14 
12 

• 

One  86-inch  turbine 

1 

fUwmill 

Turbine 

lpn^ni>niiYl 

22 

18 

One  22-foot  overshot,  one 
26i-inch  turbine. 

One  9Bi{^inch  turbine 

12    Feeder  to  canal . . . 
12   do 

"Woolen  mill 

2 

Flour  mill 

Sawmill 

81 

ft 
i 

9 

8 
14 

16 
12 

15 

6 
20 
14 

One  40-inch  t  or  bine 

20 

'      12 

8 

>      20 

10 

6 
25 

87 

80 
10 
12 

12 
25 

10 

8 

3 

One  90>inch  turbine 

T.it.MAiinnd 

4 

ia7fv>)An  ffiiii 

One  18-inch  turbine 

T   do...- 

6  , do 

6  : do 

.i       --do 

i^^Anrmfll 

One  dO-inch  turbine 

5 

Flonr  and  feed  mill 

Xirnninn  mni 

14-foot    overshot,   4-foot 
breast. 

One  li^inch  turbine 

6 

Sawmill 

One  48-inch  tor  bine 

:;. ' do 

4 

i   Rlmn*  And  feed  mill 

One  22-inch  torbine 

6    

9    

6  1 

1 

8 

,  Floor  and  saw  mill 

>  Sftw.  rider^  and  ff^y^  Tuill 

3  turbinoR,  3  reaction 

One  13-inch  turbine 

9 
10 

u^nnlATi  mfll 

14-foot    overshot,    3-foot 
breast. 

11 

Feed  and  cider  mill 

Very  little  used  . . 

10  

Verv  Htf.lA  iiRAd 

12 

! 

Floor  and  feed  mill 

12 

8 

Turbine 

13 

CidArmill ,  .. 

14 

n  Notoaed 

Mill  burned 

15 

.  Feed,  cider,  and  saw  mill 

■ 

FIavt  mi?l 

18i 

6 

18 
12 
12 

15 
12 

18^foot  overshot,  4-foot 
breast. 

2  turbines,  S6  and  48  inches. . 

One  18-inch  torbine 

12 

25 

35 

80 

115 

32 
20 

10 
130 

6 

20 

24 

10 
40 
5i 
25 

6 
12 

16 
17 

do 

Little  used 

12    

1 

8     50  horsepower 
year  around. 

8    

1.   Little  used 

4    

12  1  Only  80  horso- 
1     ix>wer  used. 

Little  lined 

8    

1 

12    

!  Little  nned 

6    1 

Little  used 

1H 

do 

2  torbines,  40  and  26|  inches. 
Torbines 

19 

do 

20 

t         do 

One  82-inch  torbine 

21 

Sawmill  and  dder  press 
Feed  mill 

Torbine 

22 

One  20-inch  torbine 

23 

'  Floor  ™fll    , . 

8 

3  torbines,  40,  44,   and  60 

24 

1 

'  Saw  and  cider  mill 

Floor  and  feed  mill 

Saw  and  cider  mill 

Tf^  Tnill 

10 
22 

20 

10 

inches. 

25 

22-foot  overshot,  4i-foot 
breast. 

20-foot  overshot,  l|-foot 
breast. 

Torbine 

26 

27 
28 

Flraur  ftnd  f  M«d  mill 

8, 

10 : 

10 

do 

29 

1  Saw  and  floor  mill 

■pionr  and  feed  mill 

Reaction  and  torbine 

lO-f nnt  ovArnhnt.    1A.fnnt 

30 
31 

breast. 

1 
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Darns  (nid  iratcr  jnur*^  uj 


a 

JZ5 


Dam. 


WfttPrahed  and  wa-  '  Approximate  loca- 
wr  course.  ^^  power. 


8S 

83 

84 
35 
86 

37 


1 

2  ^ 

sl 

5 
6 
7 
B 
0 
10 


WALHONDINQ  CRBEK 

—continued. 
Clear  Fork 


Character. 


do 


Black  Fork 

do 

Run  to  Rocky  Fork 

Rocky  Fork 


TUSCARAWAS  RIVKR. 

White  Eyes  Creek. .  > 

Ohio  Canal 

do...., 

do 

Tuflcarawas  River. . . 

Big  Stillwater 

do 

Tuscarawas  River. . . 

Ohio  Canal 

Tuscarawas  River. . . 


Bellville Stone     and 

brush. 

3  miles  above  Bell-     Log  and  frame, 
ville. 

Above  Loudon  ville.  i  Timber  frame . 

Perrysville Log  and  stone  . 

Lucas Earth     and 

I     frame. 

Below  Mansfield . . .   Timber 


g 


% 


fid 


t 


♦S        OS-      C  S  — 


Avondale |  Stone  flU ' 

New  Comerstown 

Port  Washington ' 

Lock  Seventeen 

WeetofUhrichsville  Timber  frame. l 

AboveUhrichsviUe  I  Log 

Tippecanoe i  Cut  stone 

South  of  Midvale  . .   Loose  stone ' 

Blakes  Mills I 


Pcxjr  . 

Poor  . 

Good- 
Poor . 
Poor  . 

Poor  . 
Poor. 


70 


75 


380 


8  ;  ISO 
3  I  100 


i 

1 

11:; 

t 

1 

m 

ft 

50 

34i» 

3  1 

10 

»>> 

i 

2 

4 

8 


6 


60 


42 


4i 


3& 


Fair. 
Poor 
Good 
Poor 


5  I  400      U     71)     2,23: 


2 

10 


100 

125  ! 


1 


10 
70 


2Ba 

19» 


2  '  300      i    10    i.Tan 

I 


New  Philadelphia  .   Stone  fill. 


11  I  Sugar  Creek CanalDover ,  Timber  frame 


.do 


12,. 

13  I  South  Fork    Sugar 
Creek. 


Strasburg Loose  stone. 

Dundee do 


14 


.do BarrsMills. 


15  !  One  Leg  Creek i 

Itt  I  Tuscarawas  River... 


Sherodsville 
ZK»r 


17  Nimiflhillen  Creek  ..    Sparta. 

18  '. 

19  ., 


-do '  Howenstine  . . . 

-do '  Below  Canton. 


20  Kimishillen    Creek,     Above  Canton. 
I      West  Branch. 

21  I  Sandy  Creek Magnolia 


22   do I  Malvern 

23  I do Oneida.. 


24  '  Wolf  Creek i  North  of  Loyal  Oak 

25  Tu-scarawas  River . . .    Millheim 


.do 


Log  .... 
Timber 


Fair. 
Poor 

Poor  . 

Fair.. 

i 
Fair.. 

I 

Poor  .1 
Poor  . 


6  '  260       2       60      1«G» 


5    250      1  I    10 


do Pair.. 

Log Poor  . 

Timber  frame . '  Fair.. 
do Good. 


3j    176 

7  I    70 


6  40 

7  7S 

5  ,  160 

6  !    75 

4  I  160 
6  :  100 
U     80 


5 
2 


10 


345 
313 

SO 
14:* 


15      1,(TI> 


6 
2 

9 
1 


106 

138 

134 

43 


do Good.     6    206  !    U     9)        251 


do 'Good.'    8  I  400  1    1,    40 

Log I  Good.     6     100  I 


do Poor.     6      30  I     I 

Earth    and    Fair..     7      85        4 
frame. 


5 


135 
133 

a) 
1.') 
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MnskinffutH  basin — Continued. 


Water  power. 

Approximate    time 
ayailable  (months  i 
per  year).                    , 

Remarks. 

power. 

1 
1 

■ 

1 
1 

7* 

6 

8 

Number  and  kind  of  water 
wheels. 

Horsepower  claimed. 

• 

1 

1 
"Floiir  and  fe^d  mill 

Turbine 

2ft 
10 
75 

1 

ft 
6 

32 

I'V-^  mlM 

1 

do 

do 

Little  used 

38 

Flonr  mill 

84 

Kot  tised 

35 

do 

HR 

Feed  mill 

8 

6 

6* 
9 

Turbine 

One  40-inch  turbine 

15 

15 
60 
80 
45 

1 

12 
12 
12 

Little  used 

LitUeuaed 

Cknallock 

do 

do 

37 

.  F^wd  mfll 

1 

jn,nw\r  mm       .  _          _     

2  turbines,  36  and  40  inches. . 
One  48-inch  turbine 

2 

do 

8 

...do 

One  85-inch  turbine 

4 

Oaiiftl  f eeder,  ^on^  mill 

5 

\  N^lTiieed 

Mill  abandoned. . . 
Just  remodeled. . . 
Mill  abandoned... 
Canal  lock 

Feeder  to  canal. . . 
Canal  to  river  .... 

1 

Little  used 

1 

Little  used 

6 

Plonrmill                 . 

10 

1  new  turbine,  2  old  turbines 

30 

1 

9 

7 

'  Notnaed 

ft 

•  Flonrmill , 

11 
10 

14 

*v 

1 
'  12 

< 

6 

7 
5 

19 

■    4 
9 

1.-.- 

2  turbines 

70 
800 

75 
GO 
30 
11 

20 

15 

80 

60 
10 
40 

\"" 

1 

1 

1 

12 

8 

12 
6 

8 

12 
10 

9 

,  Electric  power  honee  . . . 

1 

1 

•  OaiMil  feeder,  flonr  mHi 

Two  66-inch  turbineA,one  45- 
inch  turbine. 

1  Turbines 

10 

n 

Flonrmin 

Sawmill 

do 

One  44-inch  turbine 

12 

Flour  and  feed  mill 

Flonr,  feed,  and  cider 

mni. 

aaw  and  feed  mill 

Canal  feeder,  saw  and 
floor  mill. 

Flcmr  mfn .  . ,    

Turbine 

13 

do 

14 

do 

15 

5  turbines 

16 

3  turbines 

17 

Sawmill 

Flonr  mill . 

5  turbines 

18 
19 

20 

Flour  mill 

do 

Floar  mill  and  railroad 

10* 

1 
15 

Turbine,  two  10^-foot  over- 
shots,  12-foot  face. 

Turbines 

1 

'      80 

25 

1 

10 
12 

Under   construc- 
tion. 

Little  used 

do 

21 

22 
23 

water. 
Feed  mill 

,    6 
10 

Orershot 

10 
15 





24 

do. * 

25 

1 
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The  information  contained  in  the  above  table  was  secured  in  nearly 
every  case  from  the  mill  owners.  The  data  in  reference  to  the  back- 
water could  be  obtained  by  actual  measurement  in  but  few  cases,  and 
much  of  it  is  therefore  only  approximate.  The  areas  0ven  for  the 
tributary  wateraheds  were  obtained  by  planimeter  measurements. 

The  table  shows  90  water  powers,  as  against  253  reported  by  Prof. 
Dwight  Porter  in  the  Tenth  Census  report  as  in  existence  in  188<». 
Owing  to  the  large  area  covered  it  is  probable  tliat  a  few  unimportant 
powers  have  been  overlooked,  but  their  number  can  not  be  great,  as 
special  inquiry  was  made  on  this  subject.  Considering  the  large 
number  of  powers  that  have  been  abandoned  in  the  last  ten  years, 
this  reduction  of  65  i)er  cent  is  not  hard  to  believe.  Throughout  this 
district  there  are  streams  which  only  a  few  years  ago  supported  seven 
or  eight  powers  and  which  now  have  but  one  or  two.  This  decline  in 
the  number  of  water  powers  is  brought  out  in  another  light  by  the 
following:  In  1880  the  total  horsepower  given  was  7,066,  while  in  the 
above  table  there  is  listed  3,960,  a  reduction  of  44  per  cent.  This  is 
due  to  some  extent  to  the  fact  that  the  small  powers  escaped  notice. 
These  powers,  located  on  small  creeks,  have  been  lirst  to  suffer  from 
the  lack  of  uniformity  in  the  flow  of  the  streams.  Many  of  the  creeks 
that  formerly  maintained  a  good  flow  throughout  the  year  are  now 
dry  in  summer  and  fall,  and  at  flood  height  during  short  periods  in 
winter  and  spring,  thus  leaving  but  a  few  months  in  the  latter  seasons 
during  which  power  could  be  obtained. 

There  are  84  dams  described,  8  of  which  are  not  in  use  at  all;  10 
were  built  for  the  slack- water  navigation  of  the  Muskingum,  4  for 
canal  feeders,  and  the  remaining  62  were  put  in  for  power  purposes 
alone.  There  is  a  small  dam  in  Tuscarawas  River  near  its  head- 
waters which  diverts  water  to  the  canal  reservoirs  and  feeders,  and 
there  is  a  waste  dam  in  the  same  stream  where  the  canal  crosses  it 
above  Clinton,  which,  together  with  several  small  temporary  dams, 
have  not  been  given  in  the  table. 

All  the  dams  given  in  the  table  as  in  poor  condition  and  the  mills 
marked  as  being  little  used  have  not  been  repaired  for  years,  and 
the  next  decade  will  probably  see  them  abandoned  if  present  condi- 
tions hold. 

The  greatest  power  in  the  drainage  area  is  obtained  from  the  canal 
system  and  from  the  slack-water  navigation  system  in  Muskingum 
River.  Those  at  Adams  Mills,  New  Comerstown,  Port  Washington, 
Lock  Seventeen,  and  Blakes  Mills  are  on  the  Ohio  Canal  proper  and 
utilize  the  fall  at  a  lock,  or,  in  the  case  of  Adams  Mills,  at  a  double 
lock.  The  water  supply  for  these  mills  is  usually  sufficient  to  operate 
the  wheels  at  full  gate.  In  fact,  the  decline  of  navigation  has  in  a 
way  increased  the  amount  of  water  available  at  the  mills,  as  a  smaller 
quantity  is  required  in  the  operation  of  locks.  At  times  during  the 
winter  ice  blocks  the  canal  and  cuts  off  the  supply  for  a  short  time, 
but  the  water  seldom  fails  in  dry  seasons. 


/ 
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The  mill  at  I>res<len  is  located  on  the  "Dresden  side  cut,"  and 
(ihtHiiis  its  head  from  the  fall  iK'tween  the  canal  and  Miiskingiim 
River.  This  side  cut  carries  off  much  of  the  surplus  water  of  the 
canal  between  the  Licking  and  the  Portage  summits,  and  an  excellent 
power  is  available  for  development. 

Two  of  the  mills  at  Roscoe  use  the. water  from  the  Walhonding 
feeder  as  it  passes  to  the  canal  proper,  and  two  take  water  from  the 
ranal  and  conduct  it  to  the  creek.  These  i>ower8  are  of  great  value, 
and  much  more  could  be  obtained  from  them  by  a  modern  installa- 
tion. The  power  on  the  Kirkersville  feeder  is  of  but  slight  importance 
and  can  be  developed  but  little,  as  the  tributary  drainage  area  is  too 
small  to  secure  a  steady  supply. 

Sugar  Greek  at  Canal  Dover  should  furnish  an  excellent  water 
power,  but  the  works  have  been  neglected  and  are  now  in  poor  condi- 
tion. The  water  is  used  both  as  it  goes  from  the  feeder  to  the  canal 
and  from  the  canal  to  the  river.  These  water  privileges  were  granted 
to  the  owners  in  payment  for  the  diversion  of  Sugar  Creek  for  canal 
puri)oses. 

At  the  old  town  of  Zoar  there  is  a  combination  of  water  powers, 
listed  as  one  in  the  table,'  which  use  water  from  the  Zoar  feeder  dam 
and  conduct  it  back  to  the  river.  These  were  also  granted  in  pay- 
ment to  former  riparian  owners  for  the  diversion  of  part  of  the  flow 
of  the  Tuscarawas  to  the  canal. 

The  fourteen  water  powers  now  in  use  at  the  eight  Government 
dams,  as  shown  in  the  table,  were  granted  when  the  supply  of  water 
was  plentiful,  for  the  purpose  of  promoting  industries  along  the  river. 
Thus  the  amount  of  navigation  on  the  slack- water  system,  which  was 
then  not  under  Government  control,  was  increased.  Now  the  amount 
of  wat^r  is  not  sufficient  for  both  navigation  and  power,  and  the  latter 
hiis  become  subordinate  to  the  former.  Many  of  the  leases  were 
granted  for  long  periods  and  at  low  rates  and  have  become  very  valu- 
able. The  one  at  McConnellsville,  given  in  perpetuity  as  payment 
for  a  diverted  water  right,  guarantees  to  the  present  owners,  free  of 
cost,  a  supply  of  about  17,000  cubic  feet  of  water  per  minute  at  a 
head  of  11  feet.  The  lease  provides  for  "enough  water  for  10  run  of 
4:- foot  5-inch  stones." 

Of  the  powers  derived  from  the  dams  built  for  this  purpose  alone 
the  best  are  those  at  Zanesville,  on  Licking  Creek;  at  Killbuck,  on 
Killbuck  Creek;  at  Gambler  and  Mount  Vernon,  on  Kokosing  River; 
at  Brinkhaven,  on  the  Mohican;  at  Magnolia,  on  Sandy  Creek,  and 
at  New  Philadelphia,  on  Tuscarawas  River.  The  last-named  plant  is 
provided  with  modern  wheels,  well  installed,  and  is  a  good  though 
variable  power.  An  important  cause  of  interruption  at  this  power 
site  is  backwater  during  freshets  and  floods.  The  dry-season  flow  is 
usually  sufficient. 

As  an  indication  of  the  generally  low  estimate  of  the  value  of  these 
wat-er  powers,  it  may  be  well  to  state  that  by  conversation  with  a 
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large  majority  of  the  mill  owners  it  was  found  that  the  powers  were 
for  sale  at  a  low  figure.  The  future  may  find  many  of  these  plants 
offering  a  i)rofitable  field  for  the  investment  of  capital. 

PUBIilC  WATER  SUPPLIES. 

NUMBf^R  AND  EXTENT. 

Within  the  drainage  areas  here  described  104  cities  and  villages, 
having  a  total  population  of  771,128,  are  provided  with  publio  water- 
supply  systems.  In  the  Sandusky  basin  are  8,  comprising  a  population 
of  35,988;  in  the  Maumee  are  5,  with  a  population  of  287,633;  in  the 
Miami  are  34,  with  a  population  of  246,499,  and  in  the  Muskingum  37, 
with  201,008  inhabitants.  Eighteen  of  these  towns,  with  a  population 
of  11,627,  are  each  below  1,000  and  are  not  classed  as  urban,  thus 
leaving  86  cities  and  urban  towns,  with  a  total  population  of  759,501, 
having  public  water-supply  systems.  These  towns  represent  01  per 
cent  of  the  total  numbesiof  urban  towns  and  91  per  cent  of  the  urlmn 
population. 

In  the  Sandusky  drainage  area  there  are  no  urban  towns  Mrithout 
water  supplies,  while  the  Maumee  has  22,  >vith  a  total  population  of 
35,562.  In  the  Great  Miami  basin  there  are  10,  with  a  population  of 
16,314,  and  in  the  Little  Miami  8,  with  a  total  population  of  28,ll^i*. 
In  the  Muskingum  are  6,  with  a  population  of  8,169,  only  6,969  of 
which,  however,  is  within  the  drainage  area,  the  corporate  limits  of 
some  extending  over  into  other  basins. 

In  a  few  communities,  by  prohibiting  the  construction  of  vaults  and 
requiring  the  use  of  boxes  or  dry  earth  closets,  and  especially  by 
compelling  these  to  be  properly  cleaned,  the  soil  and  subsoil  have 
been  kept  clean,  and  potable  water  is  provided  from  wells. 

In  a  few  instances  it  has  been  found  that  the  private  well  supply 
is  obtained  from  a  stratum  whose  water  is  but  little  influenced  bv 
surface  pollution.  That  these  cases  are  not  more  numerous  is  prolv 
ably  due  to  the  great  expense  usually  attached  to  obtaining  the  deep- 
seated  water.  Nearly  every  village  has  one  or  more  wells  which  n»ach 
desirable  water,  but  only  a  favoi'ed  few  can  afford  these,  and  the 
majority  must  use  the  more  easily  obtained  but  less  potable  subsur- 
face supply. 

Five  of  the  public  water-supply  systems  of  the  Maumee  basin  are 
in  Indiana  and  Michigan,  which  leaves  for  that  area  in  Ohio  20  water- 
works in  towns  having  a  total  population  of  224,260.  No  recent 
information  is  available  except  for  the  Ohio  water  supplies,  and  tho 
details  of  thc^se  only  will  be  given. 

Following  is  a  list  of  the  water-supply  systems,  grouped  acconling 
to  the  drainage  Hre<as,  showing  the  name  of  the  city  or  town,  its  esti- 
mated population,  and  the  source  of  supply. 
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S*^firve  of  trater  supply  of  citivn  and  totrnn  in  SiinduMhif^  Manmer,  Miami\  and 

Muskingum  drainage  txigins. 

SANDUSKY  BASIN. 


City  or  town. 


Attica 

Bncyms 

Carey 

Crestline 

Fremont _ . 

Sycamore 

Tiffin 

Upper  Sandnsky 

Total 


Popnlation. 


Source  of  supply. 


694 
6,660 
1,816 
3,282 
8,489 

853 

10,989 

3,355 


Wells  and  galleries. 

Sandnsky  River. 

Wells. 

Wells  and  springs. 

Sandnsky  River,  wells,  and  galleries. 

Wells. 

Sandnsky  River  and  wells. 

Sandnsky  River. 


35,988 


MAUMEE  BASIN. 


Ada 

Blnffton... 

Brvan 

Colambns  Grove 

Continental 

Defiance 

Delphos 

Findlay 

Hicksville 

Lima 

Montpelier 

Nax)olecn  

New  Bremen 

Panlding 

Bockford 

St.  Marys 

Toledo 

Van  Wert 

Wapakoneta 

Wanseon 


Total 


2, 576 
1,788 
3,131 
1,935 
1,104 
7,579 
4, 517 

17,613 
2,520 

21,728 
1,869 
3,639 
1,318 
2,080 
1,207 
5,a59 
131,822 
6,422 
3,915 
2,148 

224,260 


Wells. 

Do. 

Do. 

Do. 

Do. 
Manmee  River. 
Wells. 

Blanchard  River. 
Wells. 

Lost  Creek  and  wells. 
Wells. 

Manmee  River. 
Wells. 

Do. 

Do. 

Do. 
Manmee  River. 
Wells. 

Do. 

Do. 
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Source  of  ivater  tsupply  of  cities  and  towns  in  Sandusky y  Maumee,  Mami,  and 

Muskingum  drainage  basins — Continned. 

MIAMI  BASIN. 


City  or  town. 


!  Population. 


Batavia 

Belief ontaine 

Blanchester 

Dayton 

Eaton 

Evanston 

Franklin 

Greenville 

Hamilton 

Harrison 

Hyde  Park 

Lebanon  

Lynchburg 

Madisonyille 

Middletown 

New  Vienna 

Norwood 

Oakley 

Oakwood- 

Osbom 

Oxford 

Piqna 

Pleasant  Ridge . . 

Sidney 

Springfield  _ 

Tippecanoe  City . 

Trotwood  -  _ 

Troy 

Urbana 

Versailles  .  _ 

Waynesville 

West  Alexandria 
West  CarroUton . 
Xenia 

Total 


Source  of  supply. 


1,029 

6,649 

1,788 

85,383 

3,155 

1,716 

3,724 

5,501 

23, 914 

1,456 

1,691 

2,867 

907 

3,140 

9,215 

805 

6,480 

528 

342 

948 

2,009 

12, 172 

953 

5,688 

38,253 

1,703 

220 

5,881 

6,808 

1,478 

723 

740 

987 

8,696 

246,499 


East  branch  of  Little  Miami. 

Wells, 

Impounding  reservoir  and  wells. 

Wells. 

Gkillery  and  wellB. 

Ohio  River. 

Wells. 

Do. 

Do. 

Do. 
Ohio  River. 
Wells. 

Do. 

Do. 

Do. 

Do. 

Do. 
Ohio  River. 

Do. 
Wells. 

Do. 
Miami  and  Erie  Canal. 
Ohio  River. 
Wells. 

Gallery  and  Buck  Creek. 
Wells. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Impounding  reservoir,  springs,  surface 
water,  and  wells. 
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Source  of  water  supply  of  cities  and  toitns  in  Sandusky,  Maumeey  Miami,  and 

Muskingum  drainage  basins — Contintied. 

MUSKINGUM  BASIN. 


City  or  town. 


ABhland  _ 

Harberton 

Caoal  Dover. 

Canton. 

Cambridge 

CarroUton 

Coshocton 

Dalton 

DenniaoD 

Fieepovt 

Granvffle 

JjewisvfDe 

LondonviDe 

Mansfield 

Massillon 

Marietta 

McConnelsyiUe . . . 

Millersbnrg 

Minerva 

Monnt  Vernon  . . . 

Mineral  City 

Mineral  Point 

Newark _ . 

New  Comerstown 
New  Philadelphia 

Orrville _. 

Perrysville 

Piedmont 

Scio 

Shreve 

Shelby 

Uhrichsville 

Wadsworth 

Waynesbnrg 

Wooster 

Zanesville 

Total 

Grand  total 


Popolation. 

Source  of  supply. 

4,087 

Wells. 

4,354 

Do. 

5,422 

Do. 

80,667 

Nimishillen  Creek  and  wells. 

8,241 

Wills  Creek. 

1,271 

Wells. 

6,478 

Do. 

666 

Well. 

8,768 

Big  Stillwater  Creek. 

690 

Wells. 

1,425 

Do. 

170 

Do. 

1,581 

Do. 

17,640 

Do. 

11,944 

Slipper  Creek  and  wells. 

18,348 

Ohio  River. 

1,825 

Wells. 

1,998 

Do. 

1,200 

Do. 

6,683 

Do. 

1,899 

Springs. 

1,220 

Do. 

18, 157 

Licking  Creek  and  wells. 

.      2,659 

Wells. 

6,213 

Do. 

1,901 

Do. 

513 

Do. 

275 

Springs. 

1,214 

Wells. 

1,048 

Well. 

4,685 

Wells. 

4,582 

Big  Stillwater  Creek. 

1,764 

Springs  and  weUs. 

613 

Springs. 

6,063 

Christmas  Run,  Apple  Creek,  and  wells 

28,538 

Mnsking^ini  River. 

201,008 

771, 128 
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Dennison  and  Uhrichsville  have  the  same  supply,  furnished  by  a 
private  water  company,  so  that  in  the  Muskingum  drainage  basin  dC 
waterworks  supply  37  cities  and  villages. 

CLASSIFICATION. 

For  convenience  in  discussing  the  various  supplies,  they  have  been 
divided,  according  to  the  source  from  which  the  water  is  obtained. 
The  divisions  made  are  based  upon  the  origin  of  the  water,  whether 
from  surface  or  ground.  A  second  division  classifies  the  ground  water 
as  subsurface  or  deep-seated.  The  subsurface  class  include  all 
ground  waters  found  in  x)orous  beds  near  the  surface  and  of  recent 
surface  origin,  while  the  deep-seated  class  includes  those  waters  found 
in  deeper  strata  and  of  a  more  remote  surface  origin ;  in  other  wonls, 
in  the  first  class  are  put  all  waters  the  purity  of  which  is  easily 
affected  by  surface  pollution,  and  in  the  second  class  those  waters 
which  are  so  far  removed  from  direct  connection  with  the  surface 
that  they  are  not  easily  influenced  by  surface  pollution. 

All  the  large  towns  are  supplied  either  entirely  or  in  part  with  sur- 
face water.  It  has-  seemed  almost  impossible,  with  a  reasonable 
expenditure,  to  procure  in  these  drainage  areas  sufficient  ground 
water  for  even  the  larger  villages.  The  only  city  of  any  size  in  the 
"ground"  division  is  Mansfield,  which,  by  the  expenditure  of  an 
enormous  amount  of  money,  has  been  able  to  procure  enough  ground 
water  for  the  supply  of  the  city.  Mansfield  has  the  second  most 
exi)en8ive  plant  of  the  104  named,  being  surpassed  by  Toledo  only,  a 
city  with  six  times  the  population. 

None  of  the  surface-water  supplies  are  fit  for  domestic  use  unless 
they  are  artificially  purified,  as  in  the  case  of  the  supply  for  Dennison 
and  Uhrichsville.  Ten  towns  of  the  16  supplied  with  surface  water 
are  provided  with  water  that  is  so  objectionable  that  only  for  short 
periods  can  it  be  considered  at  all  fit  for  drinking  purposes.  This 
condition  is  generally  recognized  by  the  inhabitants  of  these  towns, 
and  better  water  is  being  sought  for  in  several  of  these  places. 
Bucyrus  is  now  impounding  a  new  surface  supply  from  a  small 
drainage  area,  Cambridge  is  seeking  ground  water,  Findlay  and 
Toledo  are  agitating  the  question  of  better  supplies,  and  Zanesville 
is  investigating  the  relative  cost  of  filtering  the  water  it  now  gets  or 
of  obtaining  a  ground  water. 

In  the  last  main  division,  "Surface  and  ground  supplies,"  there  art* 
10  towns — Blanchester,  Lima,  Springfield,  Wooster,  Xenia,  Canton, 
Massillon,  Tiffin,  Fremont,  and  Crestline — which  were  originally 
supplied  with  surface  water.  Owing  to  the  objectionable  character 
of  the  water,  they  have  tried  to  procure  ground  water,  but  failed  to 
obtain  enough  to  allow  them  to  abandon  their  surface  supplies.  In 
justice  to  Massillon  it  must  be  stated  that  all  the  water  for  domestic 
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ns«^  -^obtained  from  wells  and  is  of  excellent  quality,  and  that  the 
surface  wat-er  is  retained  for  industrial  use  only. 

Newark  started  with  ground  water,  but,  owing  to  the  insufficiency 
of  the  supply,  was  eomx>elled  to  use  some  surface  water,  and  with 
little  detriment,  as  the  water  is  of  good  quality. 

The  small  villages  located  in  the  glaciated  area  of  the  Stat^^  unually 
have  no  difficulty  in  obtaining  plenty  of  water  either  from  the  drift  or 
from  the  rock  under  it.  This  rock  water  is  of  course  available  in  the 
unglaciated  portion  also,  but,  unfortunately,  in  this  section  it  is 
frequently  so  highly  impregnated  with  mineral  matter  as  to  be 
objectionable. 

In  many  localities  in  the  Maumee  drainage  basin  flowing  wells  can 
be  obtained,  which  usually  furnish  water  that  is  excellent  for  domestic 
use,  but  not  so  desirable  for  industrial  purposes,  because  of  dissolved 
inerusting  salts.  This  region  of  flowing  wells,  or  **  fountains,"  as  they 
are  locally  called,  extends  up  into  Michigan,  where  several  towns 
obtain  public  supplies  from  wells  of  this  kind. 

DETAILED  DESCRIPTION  OF  WATERWORKS. « 

Following  are  detailed  descriptions  of  the  public  water  supplies  of 
the  four  drainage  areas. 

SURFACE  SUPPLIES. 

Batavio.. — A  public  water-supply  system  was  installed  in  11)00  by 
Batavia  (population,  1,029),  and  has  cost  to  date  138,000,  including 
the  electric-light  plant.  The  supply  is  obtained  from  the  East  Branch 
of  Little  Miami  River,  at  a  point  just  above  the  village  and  above  all 
local  pollution.  As  may  be  seen  from  the  description  of  the  drainage 
basin,  the  East  Branch  drains  a  hilly  farming  country,  and  receives  no 
notable  x)ollution  until  Lynchburg,  42  miles  above,  is  reached,  at  which 
place  a  large  distillery  winters  some  1,000  head  of  cattle,  the  filth 
from  which  directly  enters  the  stream.  Before  this  source  was 
approved  filtration  was  required  by  the  State  board  of  health.  The 
village  first  presented  plans  for  a  rather  crude  system  of  slow  sand 
filtration,  which  were  here  hardly  satisfactory,  and  finally  plans  for 
mechanical  filtration  by  the  Wefugo  process,  which  were  approved. 
The  water  is  pumped  from  the  river  by  a  low-service  pump  to  two 
sedimentation  tanks  situated  on  the  side  hill  back  of  the  filter  house 
and  pumping  Atation.  From  these  tanks  the  water  flows  by  gravity 
onto  the  filter,  and  through  it  to  a  clear- water  well,  from  which  it  is 
pumped  to  a  supply  reservoir  situated  on  the  high  ground  north  of 
the  village. 

The  filtration  process  involves  the  use  of' a  coagulant — sulphate  of 
aluminum  in  this  case — ^which  is  admitted  to  the  watei'as  the  latter 
passes  to  the  sedimentation  basins.     The  coagulant  solution  is  pumped 

a  Many  of  the  facts  reporU'd  under  thin  head  have  been  pnblLshed  by  the  Ohio  8tat4)  })oar<l  of 
health. 
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from  the  coagulaut  tanks  by  a  small  piston  pump  actuated  by  int-  l^»w- 
service  pumps,  so  that  a  constant  ratio  is  maintained  beti^'een  the 
amount  of  solution  and  the  amount  of  water  pumped.  The  actual 
amount  of  coagulant  used  must  be  varied  by  changing  the  strength 
of  the  solution;  it  is  usually  1  grain  per  gallon.  At  times  of  hijrh 
turbidity  in  the  stream  it  is  necessary  to  increase  this  amount  in  ortler 
to  get  perfect  clarification. 

The  sedimentation  tanks  are  two  in  number  and  consist  of  oi>eii 
wooden  tubs,  each  20  feet  in  diameter  and  13^  feet  high,  with  an  effe<*t- 
iye  height  of  10  feet,  giving  a  capacity  of  23,660  gallons  each,  or  47,3l*»  • 
gallons  for  both.  These  tanks  are  exposed  to  the  weather,  with  no 
protection  whatever.  As  the  water  enters  the  tanks  it  falls  over  the 
sides  of  a  pan  secured  to  the  discharge  pipe  of  the  pump,  and  receives 
more  or  less  aeration.  The  tanks  are  used  alternately,  an  automatic 
device  admitting  the  water  to  first  one  and  then  the  other,  thus  secur- 
ing a  longer  period  of  quiet  sedimentation.  The  outlet  from  these 
tanks  is  supplied  with  a  skimmer  fioat,  so  as  to  procure  at  all  times 
the  clearest  water  for  the  filters.  The  tanks  are  supplied  with  suit- 
able pipes  for  flushing  out  the  collected  sediment. 

The  filter  consists  of  an  8-foot  cypress  tank,  8  feet  deep,  fitted  with 
a  double  bottom,  the  upper  bottom  being  fitted  with  brass  strainers 
supplied  with  phosphor-bronze  screens.  The  openings  in  the  screens 
are  approximately  three-fourths  by  one  one-hundredth  of  an  inch. 
In  the  bottom  of  the  strainer  is  placed  a  brass  ball,  so  arranged  lis  t4> 
throttle  the  downward  flow  but  to  allow  a  free  upward  flow  of  the  wasli 
water.  On  the  screens  rests  a  2- foot  0-inch  bed  of  sand,  composed  of 
crushed  quartz.  The  compartment  between  the  bottoms  is  for  th<* 
collection  of  the  clear  water,  and  to  this  is  connected  the  discharp* 
pipe  of  the  filter,  which  is  fitted  with  a  regulator,  so  that  the  rate  of 
filtration  is  kept  uniform,  irrespective  of  the  condition  of  the  be<l. 
The  inlet  pipe  is  controlled  by  means  of  a  float,  so  that  a  uniform  level 
is  maintained  on  the  bed.  A  positive  head  of  4  feet  is  maintained  on 
the  filter  and  a  suction  head  of  7  feet,  making  a  total  of  11  feet. 

The  filter  is  washed  by  reversing  the  fiow  through  the  sand  and  at 
the  same  time  stirring  it  with  a  revolving  mechanic^il  agitator.  The 
wash  water  is  carried  off  by  an  annular  trough  fastened  inside  of  the 
filter  tank. 

The  total  filtering  area  is  50  square  feet,  or  0.0012  of  an  acre,  gi  vinjr, 
at  the  standard  capacity  of  120,(X)0,(X)0  gallons  a  day,  a  rate  of  filtra- 
tion of  1()0,00(),0()0  gallons  a  day  per  acre. 

The  clear  well  is  42  feet  in  diameter  and  16  feet  deep,  with  'i  capac- 
ity of  165,000  gallons. 

The  low-service  pump  is  of  the  horizontal  duplex  McGowan  type, 
of  500,000  gallons  capacity.  The  water  is  drawn  from  the  clear  well 
to  the  reservoir  by  two  horizontal  duplex  McCxowan  ])umps  of  750, (Vn> 
gallons  capacity  each.     The  pressure  at  the  station  is  1)5  pounds  |H'r 
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squai-e  inch,  and  the  average  on  the  mains  is  somewhat  less  than  this. 
The  reservoir  is  30  feet  in  diameter  and  17  feet  deep,  its  capacity  being 
84:, 000  gallons.  Both  this  reservoir  and  the  clear  well  have  brick  walls 
laid  in  cement  and  concrete  bottoms,  but  neither  is  covered.  There 
are  3^  miles  of  mains,  which  serve  about  95  per  cent  of  the  people. 
There  are  140  service  taps,  all  of  which  are  in  use  and  none  metered. 
The  average  daily  consumption  is  25,000  gallons  for  the  total  popula- 
tion, equal  to  24  gallons  per  capita  of  the  population,  or  25  gallons 
per  eonsnmer.  The  water  after  filtration  is  clear  and  seems  to  be  of 
excellent  quality,  and  should  displace  the  private  wells,  many  of 
which  are  badly  contaminated. 

Bucyrus. — The  public  water-supply  system  of  Bucyrus  (population, 
6,5fi0)  was  established  by  a  private  company  in  1883  and  has  cost  to 
dat-e  about  $125,000.  The  supply  is  taken  from  Sandusky  River  and 
forced  through  mechanical  filters  directly  to  the  mains.  Owing  to 
the  small  amount  of  water  flowing  in  the  river  in  the  summer,  it  is 
necessary  to  impound  some  to  tide  over  this  season.  This  is  done  by 
three  small  dams  across  the  river,  one  1^  miles  above  Bucyrus,  one 
just  above  the  city,  and  one  at  the  pumping  station.  The  dam  at  the 
station  is  constructed  of  timber  and  is  70  feet  long,  2^  feet  high,  and 
impoands  about  2,000,000  gallons  of  water.  The  one  above  this  is  a 
temporary  structure  of  brush  and  stone,  but  is  so  favorably  located 
as  to  hold  back  nearly  2,000,000  gallons  of  water.  The  third  dam  is 
constructed  of  timber,  is  30  feet  long,  2^  feet  high,  and  impounds  a 
large  expanse  of  water,  as  the  river  has  but  little  fall  above.  This 
dam  flooded  so  much  land  that  the  water  company  has  been  compelled 
by  the  courts  to  abandon  it. 

The  water  flows  from  the  backwater  of  the  dam  at  the  station  into 
a  large  covered  well,  which  serves  as  a  pump  well,  but  which  was  first 
put  in  as  an  infiltration  basin  in  a  vain  attempt  to  furnish  ground 
water  to  the  city.  This  well  is  constructed  of  brick,  is  30  feet  deep, 
and  50  feet  in  diameter. 

The  water  is  pumped  from  this  by  a  compound  duplex  Holly  pump 
of  1,500,000  gallons  capacity  and  a  compound  duplex  Walker  pump 
having  a  capacity  of  1,000,000  gallons.  Before  reaching  the  consum- 
ers the  water  goes  through  two  Hyatt  pressure  filters,  which  were 
erected  in  1886.  They  are  the  old-style  vertical  filter,  10  feet  in  diam- 
eter, and  contain  2^  feet  of  crushed  granite  and  1^  feet  of  coke.  They 
are  washed  by  reversing  the  flow  through  them  once  or  twice  a  day, 
as  the  condition  of  the  water  may  require.  Alum  is  used  as  a  coagu- 
lant when  the  water  is  very  muddy,  but  not  continuously  enough  or 
in  quantities  large  enough  to  be  constantly  effective.  The  filters  serve 
merely  as  strainers  and  give  no  protection  from  the  dangerous  ingre- 
dients of  the  water. 

Sandusky  River  is  badly  polluted  with  the  sewage  of  Crestline, 
only  16  miles  above  Bucyrus.     This  fact  has  led  the  company  to  seek 
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a  new  supply.  A  largo  impounding  reservoir  2^  miles  up  the  river, 
east  of  the  city,  has  just  been  constructed,  which  holds  the  run-off  of 
a  small  tributary  to  the  river.  This  tributary  has  a  drainage  area  of 
only  about  3  square  miles,  so  that  a  large  reservoir  was  necessary  in 
order  to  impound  sufficient  water.  This  reservoir  was  formed  by 
building  across  the  lower  end  of  the  run  an  earthen  embankment  with 
a  masonry  waste  weir,  the  embankment  being  made  of  clay  and  soil 
stripped  from  the  area  to  be  flooded.  The  reservoir  has  an  area  of 
about  60  acres  and  holds  166,000,000  gallons  of  water,  which  stands 
at  an  average  depth  of  8  feet,  though  over  much  of  the  area  it  is 
very  shallow.  The  water  flows  by  gravity  through  a  16-inch  pii*e 
to  the  present  pumping  station  and  is  forced  directly  to  the  mains, 
the  Alters  being  abandoned. 

About  12  miles  of  mains  have  been  laid,  which  supply  water  to  about 
70  per  cent  of  the  people.  There  are  500  service  taps  connected,  of 
which  325  are  in  use  and  175  are  metered.  The  average  daily  quan- 
tity of  water  pumped  is  622,000  gallons,  but  owing  to  the  waste  at  the 
filters  not  more  than  550,000  gallons  is  sent  to  the  mains.  This  is  *;5 
gallons  per  capita  for  the  total  population,  or  280  gallons  for  each 
consumer. 

Cambridge, — ^A  system  of  public  water  supply  was  established  by 
Cambridge  (population,  8,241)  in  1896  and  has  cost  to  date  about 
$63,000.  The  supply  is  taken  directly  from  WiUs  Creek,  which  is  a 
very  sluggish,  muddy  stream,  draining  a  hilly  mining  country.  Its 
waters  are  polluted  by  filthy  surface  drainage  from  mining  communi- 
ties and  by  the  drainage  from  the  mines  themselves.  The  water  is  so 
objectionable  that  it  is  not  employed  for  domestic  purposes,  for  which 
private  wells  are  used.  A  ground-water  supply  is  now  being  devel- 
oped, which,  if  sufficient  in  amount,  will  be  preferable. 

The  water  is  pumped  from  the  creek  to  a  standpipe  by  two  hori- 
zontal compound  duplex  Laidlaw-Dunn-Gordon  pumps  of  1,500,00  > 
gallons  capacity  each.  The  standpipe  is  located  on  a  hill  between 
the  pumping  station  and  the  city,  and  when  full  gives  an  avera^^e 
pressure  of  70  pounds  per  square  inch  in  the  mains.  It  is  60  feet 
high,  25  feet  in  diameter,  and  has  a  capacity  of  200,000  gallons. 

There  are  1 2  miles  of  mains,  to  which  70  per  cent  of  the  people  have 
access.  There  are  400  services  connected,  of  which  140  are  in  use  and 
130  are  metered.  The  large  number  of  idle  serWces  is  due  to  the  fact 
that  a  number  of  streets  have  just  been  paved,  and  all  the  services 
have  been  put  in  to  the  curb  line  to  avoid  tearing  up  the  new  pave- 
ment. The  average  daily  consumption  is  claimed  to  be  400,000  gal- 
lons, which  is  57  gallons  per  capita  of  the  city  and  440  gallons  per 
capita  of  the  population  actually  supplied.  This  large  figure  is  due 
to  the  general  waste  of  the  water  and  to  its  extensive  use  for  indus- 
trial purposes. 

Defiance. — A    system   of  public  water   supply  was    installed  at 
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Defiance  (i)opalation,  7,579)  by  a  private  company  in  1887  and  had 
cost  to  Angust,  1898,  about  $200,000. 

The  supply  is  taken  directly  from  the  Maumee  River  at  a  point 
above  all  local  contamination  from  sewage,  but  within  the  influence 
of  that  of  Fort  Wayne,  only  54  miles  above.  The  water  is  pumped 
from  the  river  to  a  standpipe  by  two  horizontal  compound  duplex 
Blake  pumps,  each  of  2,000,000  gallons  capacity.  ITie  standpipe  is 
140  feet  high  and  20  feet  in  diameter  and  has  a  capacity  of  329,000 
gallonfi.  It  furnishes  an  average  pressure  on  the  mains  of  55  pounds 
per  square  inch.  Eighteen  miles  of  mains  have  been  laid,  which 
supply  about  75  per  cent  of  the  population  with  water.  Seven  hun- 
dred services  have  been  connected,  of  which  500  are  in  use,  40  of 
which  are  metered.  The  average  daily  consumption  is  about  1, 100,000 
gallons,  or  145  gallons  per  capita  of  the  total  population  and  193 
gallons  i>er  capita  of  the  population  actually  supplied. 

The  water  is  not  used  for  domestic  purposes  because  of  its  muddi- 
ness  during  six  months  of  the  year. 

DennisoUj  UhrichsvOle, — The  twin  cities  of  Dennison  (population, 
3,763)  and  Uhrichsville  (population,  4,582)  are  supplied  with  water 
from  a  plant  put  in  by  the  Dennison  Water  Supply  Company  in  1888. 
The  cost  to  October  31,  1902,  was  1312,121.45. 

Until  recently  the  supply  was  taken  directly  from  Big  Stillwater 
Creek  and  with  but  a  slight  preliminary  sedimentation  was  pumped 
to  a  small  distributing  reservoir.  Big  Stillwater  Creek  is  an  exceed- 
ingly sluggish  and  turbid  stream,  carrying  much  objectionable  surface 
and  mine  drainage,  and  the  water  taken  from  it  was  almost  unusable 
for  domestic  purposes.  In  January,  1900,  the  water  company  put  in 
a  mechanical  filter  plant,  and  an  excellent  supply  has  since  been 
furnished  the  city.  The  raw  water  is  admitted  from  Stillwater  Creek 
to  a  settling  basin  of  about  400,000  gallons  capacity,  flows  from  here 
to  a  small  suction  well,  where  the  coagulant  is  applied,  and  is  then 
pumped  onto  the  filters  by  a  horizontal  duplex  Worthington  pump 
of  1,000,000  gallons  nominal  capacity,  but  of  greater  capacity  now 
on  account  of  the  low  head.  There  are  four  standard  16-foot  Jewell 
gravity  filters,  each  of  which  has  a  filter  bed  15  feet  in  diameter  and 
4J  feet  deep,  composed  of  natural  sand  from  Red  Wing,  Minn.  The 
area  of  each  filt-er  is  176.7  square  feet,  making  706.8  square  feet,  or 
0.016  acre  for  the  four  filters,  which  will  give  them  a  combined 
capacity  of  1,920,000  gallons  per  day.  The  coagulant  used  is  crushed 
block  alum  or  aluminum  sulphate.  The  average  amount  used  is  0.75 
grain  per  gallon,  which  amount  is  sufficient  to  produce  clear  effluent. 

From  the  filters  the  water  flows  through  a  concrete  flume  to  a  clear- 
water  well,  from  which  it  is  pumped  to  the  distributing  reservoir  by  a 
horizontal  compound  duplex  Holly  pump  of  2,000,000  gallons  capacity. 
The  reservoir  is  located  on  a  hill  between  the  pumping  station  and 
Dennison  and  gives  an  average  pressure  of  100  pounds.     It  is  an  open 
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reservoir,  its  sides  being  lined  with  brick  and  its  bottom  puddled  with 
clay,  and  has  a  capacity  of  3,000,000  gallons. 

There  are  about  17  miles  of  mains  in  both  cities,  supplying  with 
water  95  per  cent  of  the  inhabitants  of  Dennison  and  75  per  cent  of 
those  of  Uhrichsville.  Altogether  there  are  1,235  service  taps  in  u.se, 
only  one  of  which  is  metered.  The  average  dail}'^  consumption  is 
1,700,000  gallons,  or  170  gallons  per  capita  of  the  total  x>opalation, 
and  422  gallons  per  capita  of  the  population  actually  supplied.  Rail- 
road shops  and  tanks  consume  50  per  cent  of  this,  other  manufactur- 
ing and  commercial  plants  about  10  per  cent,  leaving  for  domestic 
use  about  08  gallons  per  capita  daily. 

Evanstoriy  Hyde  Park,  OaMey. — Cincinnati  supplies  with  Ohio 
River  water  the  suburbs  of  Evanston  (population,  1,716),  Ilyde  Park 
(population,  1,691),  and  Oakley  (population,  528).  They  are  supplit^l 
as  a  portion  of  the  city  proper,  with  a  slight  modification  of  rat^-s. 
compensation  for  fire  protection,  etc.  No  separate  data  are  avail- 
able at  this  time  as  to  the  extent  of  the  system  in  each  village  or  the 
number  of  services  in  use  in  each. 

Fmdlay. — The  public  water-supply  system  of  Findlay  (populati4>n, 
17,613)  was  installed  by  the  city  in  1889  and  has  cost  to  date  8440,:?/>n. 

The  supply  is  derived  from  a  basin  located  at  the  side  of  Blanehard 
River  and  filled  from  that  stream  by  seepage  through  a  wall  of  filter- 
ing material.  Just  below  the  basin  a  dam  has  been  built  across  tht* 
river  in  order  to  keep  up  its  level  in  times  of  low  water.  This  dam  is 
constructed  of  stone  and  is  200  feet  long,  8  feet  3  inches  hi^h,  and 
backs  the  water  up  about  3  miles.  The  filtering  material  consists  of 
10  feet  of  gravel  and  charcoal  placed  in  openings  between  the  arehes 
of  a  masonry  bridge  or  dam  built  across  the  end  of  the  reser\-oir. 
This  wall  is  205  feet  long,  and  the  supports  for  the  arches  take  ui> 
lli}^  feet,  leaving  178^  feet  for  the  length  of  the  filter  proper.  As  the 
filter  is  6  feet  deep  its  area  is  1,071  square  feet.  The  gravel  is  kept 
in  place  by  screens  extending  across  the  openings  of  the  arches,  ami 
a  mass  of  charcoal  forming  a  V-shaped  wedge  is  placed  between  the 
banks  of  gravel.  Thus  but  a  small  amount  of  charcoal  lies  at  the 
bottom  of  the  filter  and  the  resistance  to  the  flow  of  water  is  therefore 
less  here,  so  that  most  of  the  water  passes  through  gravel  only  and 
receives  but  little  purification.  The  filter  is  cleaned  three  times  a 
year  by  pumping  water  through  it.  The  rate  of  filtration  is  controlle<l 
by  gates  that  can  be  raised  or  lowered  over  the  openings.  The  fili^-r 
was  designed  to  free  the  water  from  mud,  and  it  does  this  to  some 
extent,  but  the  filtering  media  become  so  thoroughly  impregnat^nl 
with  filth  that,  in  the  absence  of  any  adequate  method  of  cleaning,  tluy 
whole  ojieration  must  be  looked  upon  with  distrust.  The  water  in 
the  basin  never  appears  to  be  muddy,  but  during  low  water  a  scum 
gathers  on  its  surface,  and  it  has  a  disagreeable  odor.  The  reservoir 
is  cleaned  biennially  by  draining  out  the  water  and  flushing  and 
scraping  out  the  mud. 
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The  present  source  of  supply  is  very  much  polluted  by  waste  from 
the  oil  fields  and  glycerine  factories  that  abound  along  the  banks  of 
the  river.  At  present  a  new  conduit  is  being  built  to  a  ridge  9  miles 
east  of  town,  where  an  abundance  of  good  water  is  found. 

The  water  is  pumped  from  the  reservoir  directly  to  the  mains  by 
two  horizontal  compound  duplex  €k)rdon  pumps,  each  of  2,500,000 
gallons  capacity.  There  are  29  miles  of  mains  laid,  which  supply  80 
per  cent  of  the  population  with  water.  There  are  2,137  service  taps 
installed,  of  which  1,262  are  in  use,  and  314  of  these  are  metered. 
The  average  daily  consumption  is  900,000  gallons,  or  45  gallons  per 
capita  of  the  total  population,  and  140  gallons  for  each  consumer. 
During  the  summer,  when  the  reservoir  is  low,  the  public  water  sup- 
ply- is  not  generally  used  for  domestic  purposes,  resort  being  then 
had  t4>  private  wells. 

Marietta. — ^The  public  water-supply  system  of  Marietta  (population, 
13,34S)  was  established  by  the  city  in  1890,  and  has  cost  to  date 
$207,145.67.  Tlie  supply  is  taken  directly  from  Ohio  River,  above 
the  town,  through  three  intake  pipes,  each  275  feet  long,  and  8,  16, 
and  18  inches  in  diameter,  respectively.  When  the  plant  was  first 
put  in  it  was  intended  to  obtain  a  ground  water  from  a  large  well 
near  the  river,  but  the  quantity  thus  obtained  was  too  small  and  was 
also  objectionable  owing  to  an  excess  of  iron.  The  lower  portion  of 
this  large  well  was  filled  and  in  the  remaining  portion  was  set  a  hori- 
zontal pump,  so  as  to  bring  it  within  reach  of  the  low  stages  of  the 
river. 

The  nearest  serious  sewage  pollution  of  Ohio  River  above  the 
intake  is  received  from  the  cities  of  Bellaire,  Wheeling,  Martins 
Ferry,  and  Bridgeport,  about  75  miles  above.  A  number  of  villages 
below  these  send  some  sewage  to  the  river,  but  the  amount  is  small. 

The  water  is  pumped  from  the  river  to  two  tanks  by  a  75(),0()0-gallon 
horizontal  duplex  Gordon  pump,  a  1,000,000-gallon  vertical  compound 
duplex  Gordon  pump,  and  a  new  3,000,000-gallon  vertical  compound 
duplex  Snider-Hughes  pump.  The  tanks  are  located  on  a  hill  back  of 
the  city  at  such  an  elevation  as  to  give  a  pressure  of  85  pounds  at  the 
pumping  station.  They  consist  of  two  open  steel  tanks,  each  06  feet 
in  diameter  and  30  feet  high,  having  a  combined  capacity  of  1,500,000 
gallons.  There  have  been  28^  miles  of  mains  laid,  to  which  95  per 
cent  of  the  total  population  have  access;  2,340  service  taps  have  been 
connected,  of  which  2,250  are  in  use,  and  75  of  these  are  metered. 
"^The  great  quantity  of  sand  suspended  in  the  water  cuts  out  the  meters 
in  a  short  time  and  they  become  inaccurate. 

The  average  daily  consumption  is  estimated  at  2,700,000  gallons,  or 
202  gallons  per  capita  of  the  total  population,  and  213  gallons  per 
capita  of  the  population  actually  supplied.  The  public  water  supply 
is  in  general  use,  but  there  is  a  great  deal  of  complaint  on  account  of 
it«  muddy  condition  during  the  greater  part  of  the  year.  Very  little 
relief  in  this  respect  can  be  expected  with  the  present  reservoir,  owing 
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to  its  small  storage  capacity,  for  it  requires  a  long  time  to  enable  tht^ 
mud  to  settle.  A  new  reservoir,  with  a  capacity  of  20,000,000  gallons^, 
is  being  constructed,  which  will  afford  about  125  pounds  pressare. 

Napoleon. — ^The  public  water-supply  system  of  Napoleon  (poj)- 
ulation,  3,639)  was  installed  by  the  village  in  1896,  which,  with  an 
electric-light  plant,  put  in  at  the  same  time,  cost  $59,589.  The  cr>st 
to  date  has  amounted  to  $103,000. 

The  supply  is  taken  from  Maumee  River  at  a  point  opposite  the 
upper  end  of  the  town  and  the  backwater  of  the  Grand  Rapids  dam. 
The  water  is  in  danger  of  contamination  from  sewage  emptying  just 
below  the  intake,  especially  when  the  wind  is  upstream,  and  it  is 
always  polluted  by  the  sewage  of  Defiance,  only  18  miles  above. 

The  water  is  piimped  to  a  standpipe  by  two  vertical  oomponnd 
Smith- Vaile  pumps  of  1,000,000  gallons  capacity  each.  The  standpipe 
is  125  feet  high  and  20  feet  in  diameter,  and  has  a  capacity  of  290,1mm  » 
gallons.  The  mains  are  8  miles  long  and  supply  85  per  cent  of  the 
population  with  water.  There  are  494  service  taps  connected,  454  of 
which  are  in  use,  and  111  of  which  are  metered.  The  average  daily 
consumption  is  282,191  gallons,  or  77  gallons  per  capita  of  the  total 
population,  and  91  gallons  for  each  consumer.  The  water  of  the 
public  supply  is  not  used  to  any  extent  for  domestic  purposes. 

Piqua, — The  waterworks  at  Piqua  (population,  12,172)  were  put  in 
by  the  city  in  1876.  The  waterworks  proper  have  cost  the  city  to 
date  $131,838.59,  and  the  hydraulic  canal  $269,000. 

The  supply  is  from  the  *' hydraulic,"  a  branch  and  feeder  of  the 
Miami  and  Erie  Canal.  This  branch  leaves  the  main  canal  at  Lock- 
ington  and  joins  it  again  below  Piqua,  gathering  up  much  sarfaof^ 
drainage  on  the  way  and  furnishing  a  supply  of  water  to  Piqua;  also 
the  power  to  pump  it  and  to  run  several  manufacturing  plants.  Just 
above  the  waterworks  the  canal  broadens  into  three  reservoirs,  in  all 
about  100  acres  in  area.  The  reservoirs  and  the  canal  are  badly  over- 
grown with  weeds  and  moss,  as  the  sides  and  bottom  are  not  jMivtMi 
in  any  manner.  The  water  is  pumped  from  the  branch  directly  to 
the  mains  by  two  power  pumps.  One  of  these  is  a  Flanders  pump  of 
2,000,000  gallons  capacity  and  the  other  a  Gordon-Maxwell  pump  of 
1,500,000  gallons  capacity. 

Though  the  waterworks  trustees  have  developed  a  ground  supply 
which  secured  the  approval  of  the  Ohio  State  board  of  health,  owing 
to  local  jealousies  and  difficulties  this  water  has  not  been  substitutetl 
for  that  of  the  ''  hydraulic." 

The  trustees  put  down  twenty-three  4-inch  wells  in  the  bed  of  Great 
Miami  River  north  of  the  city  and  in  the  valley  of  Ross  Creek  adjoin- 
ing. These  wells  were  from  48  to  134  feet  deep,  driven  through  various 
strata  of  soil,  clay,  gravel,  and  sand.  A  good  flow  of  water  was 
found  in  fourteen  of  the  wells,  and  these  were  reserved  for  the  public 
supply.     While  there  are  certain  local  conditions  which  might  inter- 
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fere  with  the  continued  purity  of  the  water,  they  are  so  unimpor- 
tant and  so  easily  overcome  that  the  well  supply  should  be  utilized 
at  once,  for  it  is  vastly  superior  to  the  water  from  the  "hydraulic." 
The  secretary  of  the  waterworks,  Mr.  W.  B.  Mitchell,  in  his  last 
report  gives  figures  on  the  original  cost  of  the  plant  and  "hydraulic" 
and  the  cost  of  additions: 

Original  coBt  of  " hydraulic " $268,911.64 

Original  coat  of  waterworks 56, 896. 84 

Total.- - _ 325,808.48 

Additional  cost  of  waterworks .  68, 896. 84 

Total  cost  of  plant  complete  to  May  1 , 1 900 _ 889 ,  705 .  82 

In  addition  to  the  above  the  new  wells  cost  $2,861.71,  all  of  which 
came  from  the  revenue  of  the  plant.  The  total  cost  of  operating  the 
plant,  maintenance  of  "hydraulic,"  etc.,  exclusive  of  interest,  was 
♦5,144.32  for  the  last  year. 

There  have  been  24.5  miles  of  mains  laid,  giving  about  90  per  cent 
of  the  people  access  to  the  water.  There  are  1,400  services  connected, 
of  which  1,320  are  in  use  and  none  metered.  The  average  daily  con- 
sumption is  estimated  kt  1,500,000  gallons,  which  is  1,136  gallons  per 
service,  227  per  consumer,  and  123  per  capita  of  the  total  population. 
This  large  consumption  is  due  to  the  general  industrial  use  of  the 
wat'Or  and  to  excessive  wastage,  brought  on  by  the  absence  of  meters 
and  the  poor  quality  of  the  water. 

The  city  water  is  not  used  for  domestic  purposes  to  any  extent,  the 
main  dependence  being  placed  on  private  wells.  About  two-thirds  of 
these  are  shallow  dug  ones,  from  15  to  30  feet  deep,  getting  their  water 
in  a  bed  of  gravel.  The  others  are  drilled  and  go  10  to  12  feet  into 
the  limestone,  which  is  about  25  feet  below  the  surface. 

Toledo. — ^The  public  water-supply  system  of  Toledo  (population, 
131,822)  was  put  in  by  the  city  in  1872,  and  it  is  estimated  that  the 
plant  has  cost  to  date  $1,979,408.78. 

The  supply  is  now,  and  always  has  been,  taken  from  Maumee 
River  at  a  point  opposite  the  upper  end  of  the  city.  Owing  to  the 
objectionable  character  of  this  water,  from  mud  and  sewage,  it  has 
been  proposed  a  number  of  times  to  obtain  a  new  supply  or  filter  the 
present  one.  One  of  the  most  feasible  schemes  presented  is  to  collect 
the  underflow  of  the  river  in  a  number  of  galleries  or  wells  placed  in 
a  large  sandy  bar  or  island  opposite  the  present  works. 

At  the  present  time  the  water  is  led  directly  from  the  river  through 
a  5-foot  steel  conduit  to  a  pump  well,  and  from  there  is  raised  to  a 
regulating  standpipe  by  four  Worthington  and  one  Knowles  pumps, 
having  in  all  a  total  pumping  capacity  of  45,000,000  gallons.  Two 
horizontal  compound  duplex  Worthington  pumps  of  5,000,000  gallons 
capacity  were  put  in  in  1873.  The  Knowles  is  a  horizontal  compound 
duplex  pump  of  5,000,000  gallons  capacity,  and  was  installed  in  1886. 
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The  other  Worthington  pumps  are  vertical  compound  duplex  high- 
duty  pumps  of  15,000,000  gallons  capacity  each,  one  of  which  was 
erected  in  1893  and  the  other  in  1898.  The  standpipe  consists  of  a 
steel  tank  inclosed  in  a  brick  tower.  The  former  is  225  feet  high,  o 
feet  in  diameter,  and  has  a  capacity  of  42,000  gallons. 

About  183  miles  of  mains  have  been  laid,  which  give  75  per  cent  of 
the  total  population  access  to  the  water.  There  are  13,961  service 
taps  in  use,  of  which  7,200  are  metered.  The  average  daily  consnmi>- 
tion  is  9,074,900  gallons,  or  70  gallons  per  capita  of  the  total  x>opula- 
tion,  and  92  gallons  per  capita  of  the  population  actually  supplieil. 

The  public  water  supply  is  not  used  so  extensively  as  it  should  lie 
in  a  city  of  this  size,  and  it  probably  will  not  be  until  water  of  a 
better  quality  is  supplied.  Many  use  the  small  house  filters,  but  thes** 
afford  but  little  relief  from  the  objectionable  features  of  the  water. 

Upper  Sandusky. — The  public  water-supply  system  of  Upper  San- 
dusky (population,  3,355)  was  put  in  by  a  private  company  in  18S1*, 
and  to  July,  1898,  had  cost  about  $70,000. 

The  supply  is  taken  directly  from  Sandusky  River  at  a  point  just 
above  the  village.  When  it  reaches  here  the  river  has  received  the 
combined  sewage  of  Bucyrus  and  Crestline,'  24  and  40  miles  above, 
respectively.  This  long  flow  has  caused  all  visible  traces  of  sewage 
to  disappear,  but  it  has  by  no  means  completely  purified  the  water. 

At  the  waterworks  the  river  is  intercepted  by  a  small  dam,  which 
forms  an  impounding  reservoir  having  a  capacity  of  about  500,(kmi 
gallons.  From  this  backwater  the  intake  pipe  leads  to  a  small  sand 
filter  that  is  connected  by  a  bypass  directly  with  a  pump  well,  which 
furnishes  by  far  the  most  of  the  water  used.  It  is  claimed  that  the 
direct  connection  to  the  river  is  used  only  when  the  stream  is  at  a  good 
stage,  and  that  when  the  water  is  muddy  it  is  pumped  to  a  reservoir, 
allowed  to  stand  a  certain  length  of  time,  then  passed  to  the  filter,  and 
then  to  the  pump  well. 

The  storage  reservoir  was  built  in  1895,  and  is  325  feet  long,  ISO 
feet  wide,  and  will  hold  2,288,000  gallons.  It  is  formed  by  throwing 
up  earthen  embankments  around  a  piece  of  low  ground  and  is  not 
lined  or  paved  in  any  way.  All  the  surface  drainage,  except  that 
from  the  immediate  vicinity  of  the  basin,  is  diverted  by  a  ditch  dug 
along  the  hill  above. 

The  filter  box  is  11  by  20  feet  and  contains  3  feet  of  fine  gravel.  It 
is  cleaned  monthly  by  scraping  off  the  top  layer,  and  twice  a  year  by 
washing  all  the  gravel.  It  acts  as  a  strainer  only,  and  can  improve  the 
water  but  little,  except  as  regards  appearance. 

The  pump  well,  which  is  walled  up  with  rough  stone,  is  85  feet  in 
diameter  and  12  feet  deep.  At  first  this  well  supplied  the  village  with 
ground  water,  but  the  supply  soon  fell  short  and  it  was  necessary'  lo 
use  river  water.  Now  the  river  water  is  used  almost  entirely,  this 
well  supplying  a  small  proportion  only. 
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The  water  is  pumi)ed  to  an  elevated  tank  by  two  horizontal  duplex 
Klake  pumps,  each  of  1,500,000  gallons  capacity.  This  tank  is  con- 
structed of  wood,  and  is  24  feet  high  and  28  feet  in  <liameter,  with  a 
capacity  of  95,000  gallons.  It  is  supported  on  a  brick  tower  75  feet 
high. 

There  have  been  11  miles  of  mains  laid,  which  supply  practically  the 
whole  villB.ge  with  water.  There  are  500  service  taps  connected,  of 
which  only  350  are  in  use,  and  30  of  these  are  metered.  The  average 
daily  consumption  is  about  350,000  gallons,  amounting  to  70  gallons 
per  capita,  or  104  gallons  per  consumer.  The  water  is  not  used  to  any 
extent  for  domestic  purposes,  wells  and  springs  supplying  the  drinking 
water. 

ZanesviUe. — A  public  water  supply  was  put  in  by  Zanesville  (popu- 
lation, 23,538)  in  1840,  and  has  cost  to  date  $800,000.  The  first  supply 
was  taken  direct  from  Muskingum  River  at  a  point  which  is  now 
within  the  limits  of  the  city.  As  most  of  the  city's  growth  was 
upstream,  the  water  entering  the  old  intake  became  contaminated, 
and  in  1873  the  pumping  station  was  moved  to  the  present  site  above 
the  city. 

The  water  is  pumped  directly  from  the  river  to  a  reservoir  and 
staudpipe,  and  a  second  reservoir  is  filled  from  the  first  by  gravity, 
thus  giving  three  levels,  which  are  necessary  on  account  of  the  extreme 
range  in  the  level  of  the  city.  The  first  reservoir  built  is  now  aban- 
doned; the  second,  built  by  the  side  of  it  on  Harvey  Hill,  is  still  in 
use,  supplying  the  lowest  service  in  the  city.  It  has  a  capacity  of 
2,000,000  gallons,  and  is  filled  by  gravity  from  the  new  reservoir  on 
Blandy  Hill,  which  supplies  the  middle  service  and  has  a  capacity  of 
2,5(X),00()  gallons.  The  high  service  is  supplied  by  a  standpipe  built 
in  1894  on  the  same  hill.  The  standpipe  is  100  feet  high,  25  feet  in 
diameter,  and  has  a  capacity  of  367,000  gallons.  It  is  now  filled 
directly  from  the  river,  but  was  formerly  supplied  fi'om  the  new  reser- 
voir by  a  1,000,000-gallon  Knowles  pump. 

The  reservoirs  are  completely  lined  with  brick  laid  in  cement,  and 
are  carefully  protected  for  surface  drainage.  Owing  to  the  large 
amount  of  sediment  carried  by  Muskingum  River,  the  reservoirs  have 
to  be  cleaned  at  least  twice  a  year. 

The  pumping  station  contains  three  pumps — an  old-style  single- 
acting  Worthington,  installed  in  1873,  but  since  remodeled  and  com- 
pounded, now  giving  a  daily  capacity  of  3,500,000  gallons ;  a  horizontal 
compound  duplex  HoUy  pump  of  5,000,000  gallons  capacity,  put  in 
in  1873;  and  a  horizontal  compound  duplex  Gordon  pump  of  4,000,000 
gallons  capacity,  installed  in  1895. 

There  are  66.5  miles  of  mains,  which  supply  90  per  cent  of  the  pop- 
ulation with  water.  There  are  6,500  service  taps  recorded  in  the  books 
of  the  water  department,  the  high  number  being  due  to  a  peculiar 
method  of  numbering,  some  families  having  several  services.     Of  this 
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number  125  are  metered.  The  average  daily  consamption  is  4, 500, (MX) 
gallons,  or  191  gallons  per  capita  of  the  population  of  the  city  and  21t* 
gallons  for  each  consumer.  The  water  is  in  general  use  for  domestic 
purposes,  except  in  times  of  high  water,  when  the  large  amount  of 
mud  makes  it  undesirable.  The  use  of  a  large  amount  of  water  for 
industrial  purposes  accounts  for  the  extraordinary  consumption. 

GROUND  SUPPLIES. 
SUBSURFACE. 

Ashlcmd. — The  public  water-supply  system  of  Ashland  (population, 
4,087)  was  installed  by  the  village  in  1895,  and  has  cost  to  date 
$70,000.  The  supply  is  derived  from  two  wells  situated  in  low  land 
lying  between  the  branches  of  Jerome  Fork,  about  one-half  mile  east 
of  the  corporation  limits.  One  of  the  wells  is  30  feet  in  diameter  and 
16  feet  deep;  the  other  is  36  feet  in  diameter  and  18  feet  deep.  Both 
are  constructed  of  brick,  roofed  over,  and  fully  protected  from  sur- 
face drainage.  The  smaller  well  was  dug  in  1895,  when  the  works 
were  first  put  in,  but  it  soon  failed  to  furnish  enough  water,  and  the 
larger  well  was  dug  the  next  year. 

The  water  is  obtained  from  a  bed  of  gravel  which  is  found  just 
below  the  surface  soil.  During  wet  seasons  the  water  rises  to  the 
surface,  but  in  dry  seasons  it  falls  to  within  a  few  feet  of  the  bottom 
of  the  wells.  The  water  is  pumped  from  the  wells  through  the  villag<* 
to  a  standpipe  beyond  by  two  horizontal  compound  duplex  Smith- 
Vaile  pumps  of  1,000,000  gallons  capacity  each. 

The  standpipe  is  20  feet  in  diameter  and  75  feet  high,  and  has  a 
capacity  of  176,000  gallons.  The  average  pressure  on  the  street  maiTi 
is  75  pounds  and  at  the  station  122  pounds. 

There  have  been  15  miles  of  mains  laid,  giving  80  per  cent  of  the 
inhabitants  access  to  the  water. 

There  are  600  service  taps  connected,  of  which  500  are  in  use,  au<l 
250  of  these  are  metered.  The  average  daily  consumption  is  204,35(» 
gallons,  or  50  gallons  per  capita  of  the  population  of  the  village,  ami 
62^  gallons  per  capita  of  the  persons  actually  supplied. 

Attica. — The  public  water-supply  system  of  Attica  (population,  694) 
was  installed  by  the  village  in  1895,  and  has  cost  to  date  $17,147. 
The  supply  is  from  a  well  28  feet  in  diameter  and  25  feet  deep,  ftnl 
by  an  8-inch  tile  collecting  gallery  300  feet  long  and  laid  in  an  exten- 
sive bed  of  gravel.  The  well  is  lined  with  brick  and  covered  with  a 
board  roof.  The  well  and  gallery  are  removed  from  local  pollution 
and  seem  to  furnish  an  excellent  and  abundant  water  supply. 

The  water  is  pumped  to  an  elevated  tank  by  a  Crordon  pump  of 
500,000  gallons  capacity,  operated  by  a  Hicks  gasoline  engine.  Th<* 
tank,  which  stands  on  a  brick  tower  40  feet  high,  is  20  feet  in  diamet^^r 
and  25  feet  high,  and  has  a  capacity  of  59,000  gallons. 

There  are  2^  miles  of  mains  laid,  which  supply  water  to  about  95 
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per  cent  of  the  population.  There  are  100  service  taps  connected^  all 
of  which  are  in  nse,  and  67  of  these  are  metered.  The  average  daily 
consumption  is  10,000  gallons;  the  average  consumption  per  capita  of 
the  village  is  14  gallons,  and  the  average  per  consumer  is  15  gallons. 

Barherton, — ^The  public  water-supply  system  of  Barberton  (popula- 
tion, 4,3o4)  was  put  in  by  the  village  in  1892,  and  has  cost  to  date 
$45,000.  The  cost  represents  mains  and  hydrants  only,  as  the  water 
is  purchased  by  the  city  from  three  large  manufacturing  establish- 
ments, which  not  only  furnish  the  water  but  also  supply  the  pressure. 
These  plants  have  one  well  ecieh,  all  of  which  are  about  14  feet  deep 
and  16  feet  in  diameter.  They  are  located  in  beds  of  gravel  near 
the  canal. 

The  water  is  pumped  directly  to  the  mains  by  four  pumps  located  in 
the  various  factories,  one  of  which  maintains  the  pressure,  the  others 
being  held  for  use  in  emergency.  The  pumps  consist  of  a  horizontal 
compound  Worthington  of  640,000  gallons  capacity,  a  Hooker  pump 
of  320,000  gallons  capacity,  and  two  others  of  512,000  gallons  each, 
making  a  total  daily  capacity  of  1,984,000  gallons. 

There  have  been  9  miles  of  mains  laid,  to  which  60  per  cent  of  the 
people  have  access.  There  are  425  services  connected,  all  of  which 
are  in  use  and  none  metered.  It  is  impossible  to  estimate  the  average 
daily  consumption,  but  it  is  not  important,  as  this  supply  is  not  used 
at  all  for  domestic  purposes.  A  potable  water  supply  is  projected, 
and  it  is  highly  desirable  that  such  a  supply  be  obtained. 

BeUefontaine. — A  system  of  public  water  supply  was  put  in  by 
Bellefontaine  (population,  6,649)  in  1882,  and  has  cost  to  date  $140,000. 
The  water  is  obtained  from  four  8-inch  wells  located  just  south  of  the 
village,  in  the  valley  of  a  small  stream.  The  wells  are  160  feet  deep 
and  go  through  80  feet  of  gravel  and  clay  and  80  feet  into  limestone. 
The  supply  has  always  been  sufficient,  but  it  is  intended  to  put  down 
a  number  of  shallow  wells  in  the  gravel  for  an  additional  supply. 
There  is  no  local  pollution  of  the  ground,  and  even  if  there  were  it 
is  a  question  whether  it  would  affect  the  deep  wells. 

The  water  is  pumped  direct  from  the  wells  to  a  reservoir  by  two 
horizontal  compound  duplex  Gordon  pumps  of  750,000  gallons  capac- 
ity each.  A  new  vertical  compound  duplex  Snow  pump  of  2,500,000 
gallons  capacity  is  to  be  installed  soon  for  reserve  in  case  of  accident 
to  the  present  pumps.  The  reservoir  is  located  on  high  ground  to  the 
east  of  the  village,  and  gives  a  pressure  of  80  pounds  at  the  station 
and  an  average  of  60  pounds  over  town.  It  is  an  open  basin,  206  by 
106  by  20  feet,  holding  2,000,000  gallons,  with  sloping  sides  built  of 
brick  laid  in  cement.  The  whole  is  surrounded  by  a  high  barbed-wire 
fence  for  protection  from  contamination. 

There  are  17  miles  of  mains  in,  to  which  about  95  per  cent  of  the 
people  have  access.  There  are  956  services,  of  which  900  are  in  use 
and  only  18  are  metered.     It  is  intended  to  increase  the  number  of 
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meters  very  soon,  so  as  to  cut  down  waste,  as  the  consumption  is  very 
large  for  a  village  of  this  size.  The  average  daily  consumption  is 
642,000  gallons,  which  is  714  gallons  per  service,  143  per  consumer, 
and  94  per  capita  of  the  total  population. 

Canal  Dover, — A  public  water-supply  system  was  installed  by  Canal 
Dover  (population,  5,422)  in  1895,  and  has  cost  to  date  $40,I52.1u. 
The  water  is  obtained  from  six  6-inch  driven  wells,  ranging  from  51 
to  61  feet  deep,  penetrating  a  large  bed  of  sand  and  gravel,  located 
in  the  southern  part  of  the  village  on  the  bank  of  Tuscarawas  River. 
Four  of  the  wells  were  dug  when  the  plant  was  installed,  in  1895,  and 
two  more  were  added  in  1897.  The  water  rises  to  within  10  feet  of 
the  surface  when  the  wells  are  not  being  pumped,  and  it  is  lowered 
but  little  by  pumping. 

The  water  is  pumped  to  a  standpipe  by  two  horizontal  compound 
duplex  Worthington  pumps  of  750,000  gallons  capacity  each.  Tlie 
standpipe  is  100  feet  high  and  16  feet  in  diameter,  giving  a  capacity 
of  150,000  gallons  and  a  pressure,  when  full,  of  60  pounds  per  square 
inch  at  the  station. 

There  are  10  miles  of  mains  laid,  to  which  87^  per  cent  of  the  people 
h«iY^.  access.  There  are  742  service  taps  connected,  of  which  700  are 
in.^flQ  and  8  are  metered.  The  average  daily  consumption  per  capita 
of  the  village  is  27  gallons  and  per  consumer  31  gallons.  This  supply 
is  of  good  quality,  but  is  not  in  general  use. 

Columbus  Grove, — ^A  public  waterworks  has  been  installed  at 
Columbus  Grove  (population,  1,935).  The  supply  is  obtained  from 
wells  drilled  into  the  limestone  found  a  short  distance  below  the  sur- 
face. The  water  is  pumped  from  the  wells  to  a  reservoir  of  60,0CK) 
gallons  capacity  by  a  McGowan  compound  duplex  pump  of  75,0«.h> 
gallons  capacity.  About  4f  miles  of  mains  have  been  laid,  to  whi<-h 
85  per  cent  of  the  population  have  access.  Thirty  service  taps  have 
been  connected,  all  of  which  are  in  use  and  metered.  As  the  plant 
has  just  been  installed,  it  is  impossible  at  this  time  to  estimate  the 
daily  consumption. 

Coshocton. — A  public  water-supply  system  was  put  in  by  Coshoc- 
ton (population,  6,473)  in  1892,  and  has  cost  to  date  $100,000.  The 
supply  is  from  twenty-two  6-inch  wells,  driven  from  31  to  32  feet  into 
the  sandy  point  between  Walhonding  Creek  and  Tuscarawas  River. 
The  level  of  the  water  in  the  wells  is  the  same  as  that  in  the  streams, 
usually  about  8  feet  below  the  surface,  and  it  is  lowered  but  little 
during  pumping.  The  water  is  pumped  directly  from  the  wells  to  a 
covered  brick  reservoir  of  324,000  gallons  capacity,  which  is  located 
on  a  hill  east  of  the  town,  of  such  height  as  to  give  a  pressure  of  115 
pounds.  The  pumps  in  use  are  a  vertical  compound  duplex  Hughes 
of  1,250,000  gallons  capacity  and  a  horizontal  compound  duplex 
Hughes  of  600,000  gallons  capacity. 

There  are  16  miles  of  mains  laid,  giving  90  per  cent  of  the  people 
access  to  the  water.     There  are  1,000  service  taps  connected,  all  of 
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which  are  in  use,  and  25  are  metered.  The  average  daily  consumption 
is  1,500,0(X)  gallons,  or  232  gallons  per  capita  of  the  village  and  257 
gallons  per  consumer. 

Daijion. — In  1869  a  public  water-supply  system  was  installed  by 
Dayton  (population,  85,333),  which  has  cost  to  date  $1,811,618.47  for 
construction  alone.  The  total  expenditure  of  the  waterworks  depart- 
ment for  thirty  years  was  $2,108,721,  of  which  $745,429  was  for 
maintenance.  The  total  income  for  the  same  period  was  $1,248,638, 
showing  the  net  cost  of  the  plant  to  be  $860,083,  a  figure  much  below 
the  present  value  of  the  works.  The  construction  account  for  1900 
was  heavy,  as  a  new  suction  was  put  down,  also  new  wells,  and  a 
large  pump  is  to  be  put  in,  which  will  require  extensive  changes  in 
the  pumping  station. 

The  first  supply  was  directly  from  Mad  River,  but  this  was  aban- 
doned in  1887,  when  the  first  of  the  present  extensive  system  of  wells 
were  put  down.  There  are  now  eighty-seven  8-inch  wells,  driven  30 
to  60  feet  in  the  bed  of  Mad  River  in  the  upper  portion  of  the  city. 
During  the  last  year  twenty-four  of  the  old  wells  were  replace<i  by 
tw^enty  additional  new  ones,  bringing  the  total  to  the  figure  named 
above. 

The  bed  of  Mad  River  consists  of  a  porous  gravel  which  carries  a 
large  amount  of  water,  the  subsurface  flow  of  the  stream.  The  nor- 
mal level  of  the  water  in  the  wells  coincides  with  the  river  level  except 
when  the  stream  is  at  very  low  stages,  when  it  rises  above  the  surface 
water  level.  On  a  test  one  well  gave  400  gallons  per  minute,  the  level 
being  lowered  only  5  feet.  At  this  same  test  a  well  50  feet  away  was 
lowered  only  4  inches.  The  wells  extend  up  and  down  the  river  2,000 
feet  each  way  from  the  pumping  station,  and  until  this  year  were 
reached  by  a  30-inch  suction  line  going  down  the  river  and  by  a  20- 
inch  and  30- inch  going  up.  A  new  5-foot  suction  line  is  being  put  in 
up  the  river  to  replace  the  small  lines,  and  also,  in  time,  to  extend 
above  them  as  new  wells  are  added. 

While  the  site  of  the  wells  is  above  all  sewage  pollution,  the  water 
does  not  escape  all  manufacturing  refuse,  especially  that  from  a  straw- 
lx>ard  works.  Except  in  times  of  extreme  low  water  it  is  doubtful 
whether  any  of  this  refuse  would  influence  the  subsurface  water,  but 
at  such  dry  times  some  of  it  would  soak  into  the  gravel  bed,  where,  if 
the  filtration  were  not  perfect,  it  wotild  pollute  the  water  of  the  wells. 

The  water  is  pumped  directly  to  the  mains  by  a  4,000,000-gallon 
quadruplex  Holly  pump,  installed  in  1873;  a  10,000,000-gallon  hori- 
zontal compound  duplex  Holly  pump,  erected  in  1899,  and  a  15,000,000- 
gallon  pump  of  the  same  pattern,  installed  in  1895.  A  new  10,000,000- 
gallon  vertical  triple-expansion  Holly  is  now  being  put  in. 

The  domestic  pressure  averages  60  pounds.  About  130  miles  of 
mains  have  been  laid,  giving  about  90  per  cent  of  the  total  population 
access  to  the  water.  There  are  14,800  service  taps  connected,  and 
12,500  in  use,  and  8,800  of  these  are  metered,  about  60  of  which  are 
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for  hydraulic  elevators.  The  average  daily  consumption  is  7,000,000 
gallons,  which  is  91  gallons  per  consumer,  and  82  gallons  x>^r  capita 
of  the  total  population.  The  water  is  of  excellent  quality,  and  has 
come  into  general  use,  to  the  gradual  exclusion  of  local  wells. 

Eaton. — Waterworks  were  put  in  by  Eaton  (population,  3,155)  in 
1891,  and  have  cost  to  January,  1903, 191,200.47.  The  supply  is  from 
wells  and  spnngs  near  Sevenmile  Creek.  The  well  water  is  furnished 
by  ten  driven  wells,  ranging  in  depth  from  74  to  89  feet  and  all  6  inches 
in  diameter.  They  go  through  65  feet  of  hardpan  into  a  bed  of  gravel, 
which  furnishes  the  water.  The  wells  flow  when  not  pumped,  and 
the  water  can  be  lowered  35  feet  during  dry  weather.  The  springs  are 
one-fourth  mile  west  of  the  waterworks,  at  the  foot  of  a  hill  just  across 
Sevenmile  Creek.  The  water  is  collected  by  a  sewer-pipe  gallery  and 
is  brought  by  gravity  through  a  tile  pipe  to  the  station.  Near  the 
works  this  pipe  line  empties  into  a  silt  well,  13  feet  in  diameter  and 
15  feet  deep,  which  frees  the  water  from  the  heavier  sediment  before 
it  reaches  the  pumps.  It  is  estimated  that  the  wells  can  supply  150,000 
gallons  per  twenty-four  hours  and  the  springs  200,000  gallons.  A 
covered  reservoir  of  100,000  gallons  capacity  is  just  being  built,  into 
which  the  water  of  the  wells  and  springs  may  flow  when  the  pumps 
are  not  running.  The  reservoir  is  110  feet  long,  12  feet  wide,  12  feet 
deep,  and  will  be  built  of  brick  laid  in  cement.  Direct  connection 
can  be  made  to  the  creek  for  use  in  case  of  fire.  The  water  is  pumped 
to  a  standpipe  by  three  pumps — ^two  horizontal  compound  Gordons  of 
1,000,000  gallons  capacity  each  and  one  small  Hughes  pump  of  500,000 
gallons  capacity.  The  first  pumps  were  put  in  with  the  works,  and  the 
latter  in  1898.  The  standpipe  consists  of  a  tank  20  feet  in  diameter 
and  80  feet  high,  placed  on  top  of  a  stone  tower  50  feet  high.  It  has 
a  capacity  of  185,000  gallons. 

FranMin. — The  public  water-supply  system  for  Franklin  (popula- 
tion, 2,724)  was  put  in  by  the  village  in  1887,  and  has  cost  to  date 
157,000.  The  supply  is  obtained  from  six  6-inch  wells  driven  65  feet 
into  a  clay,  sand,  and  gravel  bed,  bordering  the  Miami  and  Erie  Canal 
in  the  lower  part  of  the  village.  The  water  stands  normally  22  feet 
below  the  surface  and  is  lowered  but  little  by  ordinary  consumption. 
There  is  direct  connection  with  the  canal  for  use  in  cases  of  emergency. 

The  water  is  pumped  directly  from  the  wells  to  the  mains  by  two 
horizontal  compound  duplex  Holly  pumps  of  750,000  gallons  capacity 
each.  The  pumps  are  set  18  feet  below  the  surface,  so  as  to  keep  the 
water  well  within  the  suction  limit.  The  station  pressure  carried  is 
60  pounds  and  the  average  on  the  mains  is  55  pounds. 

There  are  8  miles  of  mains  laid,  giving  about  90  per  cent  of  the  peo- 
ple access  to  the  water.  There  are  410  services  connected,  of  which 
340  are  in  use,  and  24  of  these  are  metered.  The  average  daily  con- 
sumption is  estimated  at  300,000  gallons,  which  is  882  gallons  per 
service,  172  per  consumer,  and  110  per  capita  of  the  total  population. 
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The  large  consumption  is  dne  chiefly  to  the  extensive  use  of  the  water 
by  the  various  paper  mills,  but  in  some  measure  to  the  large  amount 
of  leakage  claimed  to  be  caused  by  the  deterioration  of  the  pipes  from 
electrolysis. 

Granville, — A  public  water-supply  system  was  installed  by  Gran- 
ville (population,  1,425)  in  1884,  and  has  cost  to  date  $15,000.  The 
supply  is  from  three  4-inch  wells  driven  45,  50,  and  55  feet  into  a  bed 
of  gravel  located  south  of  the  village,  in  the  valley  of  Raccoon  Creek. 
The  water  is  pumped  directly  from  these  wells  to  an  elevated  tank  by 
a  horizontal  compound  duplex  Enowles  pump  of  350,000  gallons 
cai>acity. 

The  tank  is  32  feet  in  diameter,  20  feet  high,  and  has  a  capacity  of 
100,000  gallons.  It  is  constructed  of  wood  and  is  placed  on  a  frame 
trestle  located  on  a  hill  just  northwest  of  the  village.  The  domestic 
pressure  is  80  pounds. 

There  have  been  6}  miles  of  mains  laid,  giving  80  per  cent  of  the 
people  access  to  the  water.  There  are  206  services  connected,  all  of 
which  are  in  use,  and  6  are  metered.  The  average  daily  consumption 
is  50,000  gallons,  which  is  28  gallons  per  capita  of  the  village  and  40 
gallons  for  each  consumer.  The  water  is  in  general  use  throughout 
the  villafire. 

OreenviUe. — In  1893  waterworks  were  put  in  by  Greenville  (popula- 
tion, 5,501),  and  have  cost  to  date  $110,000.  The  original  supply  was 
derived  from  nine  wells  6  Inches  in  diameter  and  from  50  to  57  feet  in 
depth ;  but  lately  six  new  8-inch  wells,  averaging  in  depth  from  46  to 
54  feet,  were  added  as  a  safeguard  against  the  failure  of  the  first  set. 
The  wells  go  through  gravel  and  clay  into  a  bed  of  gravel.  The  water 
rises  nearly  to  the  surface  when  the  wells  are  not  being  pumped,  and 
during  a  test  it  was  lowered  18  feet,  at  which  depth  pumping  at  the 
rate  of  900,000  gallons  per  day  failed  to  lower  the  water  farther.  The 
waterworks  are  west  of  town,  on  Greenville  Creek,  to  which  direct  con- 
nection can  be  made  in  case  of  fire,  but  this  connection  has  not  been 
used  since  August,  1895.  There  is  a  milldam  on  Greenville  Creek,  1^ 
miles  above  the  waterworks,  which  controls  the  amount  of  water  in 
the  creek  during  dry  weather.  It  is  6  feet  high,  40  feet  long,  and 
backs  the  water  up  about  1^  miles. 

The  water  is  pumped  directly  from  the  wells  to  a  standpipe  by  two 
horizontal  compound  duplex  condensing  Hughes  pumps  of  1,500,000 
gallons  capacity.  The  standpipe  consists  of  a  tank  60  feet  high  and  20 
feet  in  diameter,  placed  on  a  brick  tower  70  feet  high.  It  has  a  capac- 
ity of  141,000  gallons. 

Thirteen  miles  of  mains  have  been  laid,  which  supply  80  per  cent 
of  the  population  with  water.  There  have  been  961  services  con- 
nected, 811  of  which  are  in  use,  and  540  of  these  are  metered.  The 
average  daily  consumption  is  400,000  gallons,  which  is  91  per  consumer 
and  73  per  capita  of  the  whole  population. 
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Hamilton, — A  public  water-supply  system  was  installed  in  1884  by 
Hamilton  (population,  23,919),  and  has  cost  to  date  $365,000.  The  first 
supply  was  derived  from  a  large  well  or  basin  situated  in  the  low  land 
north  of  the  city,  lying  between  the  Great  Miami  River  and  an  aban- 
doned channel  of  the  same  stream.  The  basin  was  500  feet  long,  1C>0 
feet  wide,  and  15  feet  deep,  dug  into  a  large  bed  of  gravel. 

The  supply  from  this  source  was  unsatisfactory,  and  in  1889  a  num- 
ber of  deep  welLs  were  driven  in  the  basin,  and  these,  with  additions, 
have  furnished  the  supply  since  that  time.  Now  there  are  ninetec^n 
6-inch  and  three  8-inch  wells,  driven  from  75  to  135  feet  into  the  bed 
of  gravel. 

The  water  flows  from  the  wells  at  the  river  Jevel  and  is  conducted 
about  1,000  feet  to  a  receiving  basin  set  13  feet  below  mean  low  water 
in  the  river.  The  receiving  well  is  a  closed  brick  chamber  28  by  13  by 
33  feet  deep,  with  a  capacity  of  90,000  gallons. 

The  water  is  pumped  from  this  basin  to  a  supply  reservoir  bj  a  ver- 
tical compound  duplex  Gordon-Maxwell  pump  of  3,000,000  gallons 
capacity.  The  average  domestic  pressure  is  90  pounds.  The  reser- 
voir is  situated  on  the  high  ground  west  of  Great  Miami  River,  and  is 
reached  by  two  mains,  a  20-inch  main  laid  in  the  bed  of  the  river  and 
a  10-inch  main  crossing  on  a  bridge.  It  is  an  open  basin,  with  sides 
paved  with  brick  in  cement,  and  is  200  by  270  by  24  feet  deep,  with  a 
capacity  of  7,000,000  gallons.  As  first  constructed  the  reservoir  was 
not  cemented  and  there  was  trouble  frequently  with  vegetable  growths 
of  various  kinds.  Since  the  sides  were  cemented,  however,  no  trouble 
has  been  reported. 

There  are  40  miles  of  mains  laid,  giving  about  95  per  cent  of  the 
population  access  to  the  water.  The  mains  even  extend  outside  of  the 
corporation  in  order  to  supply  several  manufacturing  plants.  There 
are  3,295  services  in  use,  and  827  of  these  are  metered.  The  average 
daily  consumption  is  1,818,000  gallons,  which  is  569  gallons  per 
service,  103  per  consumer,  and  76  per  capita  of  the  total  x)opulation. 
It  will  be  noted  here  that  the  pumping  capacity  is  less  than  twice  the 
average  daily  consumption,  a  rather  perilous  condition  for  a  pumping 
plant,  notwithstanding  the  very  fair  reservoir  capacity. 

Lynchburg . — A  public  water-supply  system  was  installed  in  1896  by 
Lynchburg  (population,  907),  and  had  cost  to  January,  1901,  ItlSjOOO. 
The  first  supply  was  obtained  from  a  dug  well  16  feet  in  diameter  and 
20  feet  deep,  which  enters  a  bed  of  gravel  just  above  the  rock.  This 
well  soon  failed  to  supply  enough  water,  and  a  4-inch  suction  line  was 
run  to  a  large  basin  from  which  a  distillery  obtains  its  water  supply. 

This  basin  consists  of  a  trench  120  feet  long  by  15  feet  wide,  with  an 
18-foot  well  at  each  end,  all  excavated  15  feet  deep  in  a  bed  of  sand 
and  gravel.  The  sides  of  this  basin  are  planked,  and  the  whole  is 
covered  with  a  flat  plank  roof  at  the  ground  level.  It  occupies  a  low 
swale  and  is  easily  accessible  to  surface  drainage,  as  the  well  is  situ- 
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ated  nearly  in  the  center  of  the  village.  In  1900  the  4-inch  suction 
line  to  the  distillery  basin  was  replaced  by  a  5-inch  line. 

As  the  distiller^'  required  the  entire  yield  of  this  basin,  the  village 
was  compelled  to  seek  a  new  supply.  Application  wa^s  made  to  the 
State  board  of  health  for  the  approval  of  three  springs,  only  one  of 
which  could  be  approved,  namely,  the  "sulphur"  spring,  located  1^ 
miles  northeast  of  the  village,  in  low  land  near  a  small  run.  With 
proper  care  this  spring  ought  to  be  able  to  provide  at  least  20,000 
gallons  of  potable  water  a  day.  It  is  at  such  a  height  that  the  water 
could  be  conducted  by  gravity  to  a  pump  well  at  the  present  station. 

The  water  is  pumped  from  the  well  and  basin  to  an  elevated  tank 
by  a  horizontal  duplex  Laidlaw-Dunn-Gordon  pump  of  250,000  gal- 
lons capacity.  The  tank  is  16  feet  in  diameter,  20  feet  high,  with  a 
capacity  of  30,000  gallons,  and  is  placed  on  a  trestle  89  feet  high. 
The  average  pressure  on  the  mains  is  40  pounds. 

There  are  4^  miles  of  mains  in  use,  to  which  all  the  people  have 
access.  There  are  135  services  in,  of  which  122  are  in  use,  and  none  is 
metered.  The  average  daily  consumption  is  estimated  at  25,000  gal- 
lons, which  is  53  gallons  i>er  consumer.  The  water  is  not  in  general 
use  for  domestic  purposes. 

McConnelsviUe. — A  public  water-supply  system  was  installed  in  1899 
by  McConnelsviUe  (population,  1,825),  and  has  cost  to  date  $30,000. 
The  supply  is  from  four  6-inch  wells,  42  feet  deep,  located  in  the  river 
bottom  just  above  the  village.  The  wells  go  through  18  feet  of  loam, 
sand,  and  gravel  and  a  thin  layer  of  hardpan,  then  into  the  water- 
Ix^aring  gravel.  The  normal  level  of  the  water  in  the  wells  is  17  feet 
below  the  surface,  and  it  is  lowered  but  little  by  pumping.  The  water 
is  pumped  directly  from  the  wells  to  an  open  brick  reservoir  by  hori- 
zontal duplex  Stillwell-Bierce  Smith- Vaile  pumps  of  750,000  gallons 
capacity.  The  reservoir  is  placed  on  a  hill  back  of  the  village,  where 
it  gives  a  pressure  of  100  pounds. 

There  are  3i  miles  of  mains  laid,  to  which  80  per  cent  of  the  people 
have  access.  There  are  200  services  connected,  of  which  175  are  in 
use,  and  none  is  metered. 

Middletomn. — A  public  water-supply  system  was  installed  in  1874 
by  Middletown  (population,  9,215),  and  has  cost  to  date  1450,000.  The 
supply  is  obtained  from  a  large  well  20  feet  in  diameter  and  35  feet 
deep,  dug  in  a  gravel  bed  in  the  upper  part  of  the  city,  near  Great 
Miami  River.  The  normal  level  of  the  water  is  16  feet  below  the  sur- 
face, and  it  is  lowered  about  11  feet  by  ordinary  consumption  in  the 
dry  season.  The  supply  has  always  been  sufficient  except  in  1893, 
when  it  failed  during  a  period  of  exceptionally  dry  weather. 

The  water  is  pumped  directly  from  the  well  to  the  mains  by  a  quad- 
ruplex  Holly  power  pump,  installed  in  1874.  The  pump  has  a  capac- 
ity of  1,250,000  gallons  per  day  and  is  operated  by  a  56-inch  American 
IBB  91—04 6 
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turbine,  operating  under  a  17-foot  head  of  water,  secured  from  the 
Middletown  ditch  or  '*  hydraulic." 

In  1885  two  horizontal  compound  duplex  Smith- Vaile  steam  pamps 
of  1,500,000  gallons  capacity  each  were  installed.  These  are  for 
reserve  and  for  use  in  case  of  fire,  steam  being  kept  at  low  pressure 
in  one  boiler  all  the  time.  In  cases  of  emergency  the  water  from  the 
"hydraulic"  can  be  admitted  to  the  well. 

Enough  water  power  to  supply  the  domestic  pressure  is  obtained 
from  the  *'  hydraulic  "  at  an  annual  rental  of  $260,  certainly  a  very  eco- 
nomical method  of  pumping.  A  pressure  of  45  pounds  is  maintained 
at  the  station,  and  the  average  on  the  mains  is  40  pounds. 

There  have  been  20  miles  of  mains  laid,  to  which  about  87  per  cent 
of  the  people  have  access.  There  are  1,337  services  in,  of  which  1,300 
are  in  use,  and  62  of  these  are  metered.  The  average  daily  consump- 
tion is  1,500,000  gallons,  187.5  per  consumer,  and  163  per  capita  of  the 
total  population.  The  large  consumption  is  due  to  some  extent  to  the 
general  use  of  the  water  for  industrial  purposes,  also  to  an  extensive 
waste,  induced  by  cheapness  of  the  water. 

MiUersburg. — ^A  public  water-supply  system  was  installed  in  1895 
by  MiUersburg  (population,  1,998),  and  has  cost  to  date  $27,000.  The 
water  is  obtained  from  a  well  30  feet  in  diameter  and  28  feet  deep, 
located  just  west  of  the  village,  in  bottom  land,  50  feet  from  Killbuek 
Creek.  The  well  is  walled  up  with  brick  and  is  covered  with  a  con- 
ical board  roof.  It  goes  through  loam  and  muck  into  a  \ml  of  gravel, 
where  the  water  is  found.  The  normal  level  of  the  water  is  above  that 
in  the  creek,  varying  from  15  to  24  feet  from  the  surface,  and  is  sel- 
dom lowered  below  the  latter  figure.  The  water  is  pumped  directly 
from  the  well  to  a  covered  reservoir  by  two  horizontal  compound  duplex 
Stillwell-Bierce  pumps,  each  of  750,000  gallons  capacity.  The  reser- 
voir- is  constructed  of  brick  and  covered  with  a  tin  roof,  and  has  a 
capacity  of  150,000  gallons.  It  is  located  on  a  hill  just  east  of  the  ^^I- 
lage,  and  gives  an  average  pressure  of  80  pounds. 

There  are  6  miles  of  mains  laid,  to  which  95  per  cent  of  the  people 
have  access.  There  are  400  services  connected,  all  of  which  are  in 
use,  and  5  are  metered.  The  average  daily  consumption  is  500,000 
gallons,  which  is  250  gallons  per  capita  of  the  total  population  and 
263  gallons  for  each  consumer. 

Mineral  Point. — A  public  water-supply  system  was  installed  in 
1890  by  Mineral  Point  (population,  1,200),  and  has  cost  to  date  $12,000, 
The  water  is  obtained  from  four  springs,  is  impounded  in  a  reservoir 
of  169,000  gallons  capacity,  and  is  supplied  to  the  village  by  gravity 
at  a  pressure  of  80  pounds.  The  reservoir  is  60  feet  in  diameter,  8 
feet  deep,  and  is  built  of  brick  and  covered  with  a  slate  roof.  The 
springs  are  located  under  steep  hills  rising  in  a  thinly  settled  farm- 
ing district  about  1  mile  northeast  of  the  village.  For  fire  purposes 
a  reserve  supply  is  stored  in  an  open  reservoir  of  88,000  gallons 
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capacity,  which  is  located  in  the  village.  The  pressure  is  obtained 
by  a  horizontal  duplex  Battle  Creek  pump  of  720,000  gallons  capacity. 
There  are  3  miles  of  mains  installed,  giving  90  per  cent  of  the  peo- 
ple access  to  the  water.  There  are  100  service  taps,  all  of  which  are 
in  use,  and  none  is  metered.  It  is  impossible  to  estimate  the  amount 
of  water  used. 

Minerva. — A  public  water-supply  system  was  installed  in  1886  by 
Minerva  (population,  1,200),  and  has  cost  to  date  $16,000.  The  sup- 
ply was  first  obtained  entirely  from  Clear  Fork  of  Sandy  (Jreek;  then 
from  an  infiltration  well  placed  at  the  side  of  this  creek  in  the  upper 
part  of  the  village;  then  this  supply  was  supplemented  by  driving  a 
6-inch  well  55  feet  deep  into  sand  and  gravel.  The  infiltration  well 
is  0  feet  square,  boarded  up  with  plank,  and  10  feet  deep.  The  water 
enters  it  through  quicksand  at  the  bottom.  At  times  the  creek  covers 
this  well  and  the  deep  well  is  used  entirely.  Normally  each  well  sup- 
plies about  half  of  the  water.  When  not  pumped,  the  water  stands  6 
feet  from  the  surface,  or  a  little  above  the  creek  level,  and  by  pumping 
is  easily  lowered  to  the  suction  limit.  The  water  is  pumped  directly 
from  these  wells  to  an  elevated  tank  by  a  horizontal  duplex  Smith- 
Vaile  pump  of  250,000  gallons  capacity  and  by  a  horizontal  compound 
dnplex  Worthington  pump  of  600,000  gallons  capacity.  The  tank  is 
20  feet  high  and  24  feet  in  diameter,  giving  a  capacity  of  65,000  gal- 
lons, and  is  placed  on  a  frame  trestle  located  on  a  hill  north  of  the 
village,  where  it  gives  a  pressure  of  50  pounds. 

There  are  5i  miles  of  mains  laid,  giving  90  per  cent  of  the  popula- 
tion access  to  the  water.  There  are  250  services  connected,  all  of 
which  are  in  use,  and  none  is  metered.  The  average  daily  consump- 
tion is  201,000  gallons,  which  is  167^  gallons  per  capita  of  the  village 
and  170  for  each  consumer.  The  public  supply  is  in  general  use  and 
seems  to  be  of  good  quality. 

Mount  Vernon. — A  public  water-supply  system  was  installed  in  1882 
by  Mount  Vernon  (population,  6,633),  and  has  cost  to  date  $115,000. 
The  original  supply  was  from  two  large  wells — one  20  feet  in  diameter 
and  the  other  7  feet,  and  both  21  feet  deep.  The  larger  of  these  wells 
has  been  filled  up  until  it  is  now  only  10  feet  deep  and  is  used  as  a 
receiving  weU.  The  smaller  is  used  as  a  pump  well,  the  water  flowing 
from  the  receiving  well  to  it  by  gravity. 

The  supply  is  now  obtained  from  21  driven  wells,  which  have  been 
put  in  from  time  to  time  as  the  consumption  increased.  These  con- 
sist of  nine  6-inch,  four  4-inch,  eleven  2-inch,  and  two  3-inch  wells, 
which  are  from  60  to  90  feet  in  depth,  the  average  being  .73  feet.  The 
wells  go  through  a  surface  layer  of  sand  and  gravel,  then  through  a 
layer  of  liardpan  and  into  water-bearing  gravel.  The  wells  were  all 
artesian  and  the  natural  flow  only  is  utilized;  five,  however,  have 
now  ceased  to  flow.  The  sand  found  through  the  gravel  stops  the 
flow  in  a  comparatively  short  time  and  the  wells  have  to  be  blown  out 
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to  keep  the  flow  constant.     The  supply  is  now  just  about  equal  to  the 
demand,  and  it  is  intiended  to  sink  more  wells. 

The  water  is  pumped  to  a  standpipe  by  a  horizontal  compound 
duplex  Worthington  pump  of  750,000  gallons  capacity  and  a  hori- 
zontal compound  duplex  McGowan  pump  of  1,000,000  gallons  capac- 
ity. The  standpipe  is  25  feet  in  diameter  and  57  feet  high,  has  a 
capacity  of  209,290  gallons,  and  furnishes  an  average  pressure  of  KKi 
pounds. 

There  are  20  miles  of  mains  laid,  giving  80  per  cent  of  the  people 
access  to  the  water.  There  are  1,100  services  connected,  of  which 
1,025  are  in  use,  and  none  is  metered.  The  average  daily  consumption 
is  1,000,000  gallons,  which  is  151  gallons  per  capita  of  the  village  and 
188  for  each  consumer.  The  wells  are  located  in  the  western  part  of 
the  village,  in  the  bottom  land  of  the  Kokosing  River,  a  large  area  of 
which  is  under  the  control  of  the  village  and  is  laid  out  for  a  public 
park,  so  as  to  protect  the  water  supply. 

New  PhiLadelpMa, — ^l^he  public  water-supply  system  of  New  Phil- 
adelphia (population,  6,213)  was  put  in  by  a  private  company,  the 
New  Philadelphia  Water  Company,  in  1886,  and  has  cost  to  date 
about  $100,000. 

The  supply  was  first  taken  from  an  infiltration  well  at  the  edge  of 
Tuscarawas  River,  just  south  of  the  town.  In  1892  eight  6-inch  wells, 
30  feet  deep,  were  put  down  in  a  large  gravel  deposit  in  the  lowland 
along  the  river  and  near  the  old  infiltration  well.  In  1896  six  O-inoh 
wells,  80  feet  deep,  were  put  down  in  the  same  vicinity,  and  in  ISOS 
two  more  of  the  same  kind  were  put  in.  The  normal  level  of  the 
water  is  11  feet  below  the  surface,  and  it  is  lowered  15  to  18  feet  by 
pumping. 

The  old  infiltration  well  is  now  connected  directly  with  the  river, 
and  can  be  drawn  upon  in  case  of  fire.  The  water  is  pumped  directly 
from  the  driven  wells  to  a  reservoir  by  two  horizontal  duplex  Blake 
pumps  of  1,000,000  gallons  capacity  each  and  by  one  horizontal  com- 
pound duplex  Laidlaw-Dunn-Gordon  pump  of  2,000,000  gallons  capac- 
ity. The  reservoir  is  located  on  a  hill  east  of  the  village,  at  such  a 
height  as  to  give  a  pressure  of  100  pounds.  It  is  oval  in  shape,  20<"> 
by  100  feet,  is  13  feet  deep,  and  has  a  capacity  of  about  1,250,000  gal- 
lons. The  bottom  of  the  reservoir  is  lined  with  a  mixture  of  cement 
and  clay,  the  sides  are  riprapped,  and  the  whole  is  covered  with  a 
board  roof. 

There  have  been  15  miles  of  mains  laid,  to  which  90  per  cent  of  the 
people  have  access.  There  are  600  service  taps,  575  of  which  are  in 
use,  and  8  are  metered.  The  average  daily  consumption  is  600,000  gal- 
lons, which  is  90  gallons  per  capita  of  the  village  and  175  gallons  per 
consumer.  The  wells  are  removed  from  any  local  pollution  and  fur- 
nish good  water. 

Osborn. — A  public  water-supply  system  was  established  in  1895  by 
Osborn  (population,  948),  and  has  cost  to  date,  including  the  electric- 
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light  plant,  $30,000.  The  vsupply  is  obtained  from  four  6-inch  wells 
in  the  northern  part  of  the  village.  The  wells  are  driven  50  feet 
through  a  thin  stratum  of  clay  and  into  a  large  bed  of  gravel.  The  nor- 
uial  level  of  the  water  is  from  15  to  18  feet  below  the  surface,  and  it 
is  lowered  but  little  by  pumping. 

Tlie  water  is  pumped  directly  from  the  wells  to  a  standpipe  by  a 
horizontal  compound  duplex  Laidlaw-Dunn-Gordon  pump  of  500,000 
irallons  capacity.  The  standpipe  is  10  feet  in  diameter,  125  feet  high, 
and  has  a  capacity  of  70,000  gallons.  The  station  pressure  is  GO  pounds 
and  the  average  on  the  mains  is  50. 

There  are  3  miles  of  mains  in  use,  to  which  about  80  per  cent  of 
the  people  have  access.  There  are  100  services  connected,  of  which 
97  are  in  use,  and  none  is  metered.  The  average  daily  consumption 
could  not  be  obtained. 

The  water  seems  to  be  of  good  quality,  but  it  is  not  yet  in  general 
use  for  domestic  purposes. 

Oxford, — A  public  water-supply  system  was  installed  by  Oxford 
(population,  2,009)  in  1896,  and  has  cost  about  $45,000.  The  supply  is 
obtained  from  a  large  well  dug  in  the  sand  and  gravel  bed  near  Four- 
mile  Creek,  some  distance  northeast  of  the  village.  The  well  is  20 
feet  in  diameter  and  35  feet  deep.  It  is  walled  up  with  brick  laid  in 
cement  and  arched  over  so  as  to  prevent  flooding  during  high  water, 
which  ovei'flows  the  well  site.  The  top  of  the  Well  is  provided  with  a 
ventilator  above  high  wat^r.  The  normal  level  of  the  water  is  9  feet 
from  the  surface,  but  it  is  frequently  lowered  to  24  feet  by  pumping. 

The  water  is  pumped  directly  from  the  well  to  the  mains  by  two 
horizontal  compound  duplex  Smith- Vaile  and  Stillwell-Bierce  pumps 
of  750,000  gallons  capacity  each.  The  pressure  on  the  mains  varies 
from  45  to  65  pounds. 

There  are  7  miles  of  mains  laid,  which  give  about  95  per  cent  of  the 
people  access  to  the  water.  There  are  234  services  connected,  of 
which  211  are  in  use,  and  9  are  metered.  The  daily  average  consump- 
tion is  30,000  gallons,  which  is  142  gallons  per  service  and  15  gallons 
per  capita  of  the  village.  The  total  number  of  consumers  is  hard  to 
<^tiinate,  owing  to  the  fact  that  three  large  institutions  are  supplied, 
but  the  consumption  per  consumer  can  not  be  far  from  25  gallons. 

Piedmont — A  public  water-supply  system  was  put  in  at  Piedmont 
(population,  275)  by  a  private  company,  the  Piedmont  Water  Supply 
Company,  in  1894,  and  has  cost  to  date  $1,450.  The  supply  is  obtained 
from  two  springs  located  on  the  neighboring  hills,  the  water  from 
which  is  impounded  in  a  reservoir  and  conducted  to  the  village  by 
gravity.  The  reservoir  consists  of  a  vaulted  stone  cistern,  with  a 
capacity  of  12,500  gallons,  and  is  at  such  a  height  as  to  give  a  pressure 
of  55  x>ounds  on  the  streets. 

There  are  2  miles  of  mains  in,  which  give  about  60  per  cent  of  the 
village  access  to  the  water.  There  are  45  services,  of  which  40  are  in 
nse,  and  none  is  metered.     Owing  to  the  nature  of  the  supply,  it  was 


86  FOUR   DRAINAGE   AREAS   IN   OHIO.  [so.M. 

impossible  to  estimate  the  consumption.  The  springs  emerge  from  a 
bed  of  shaly  sandstone  in  the  side  of  the  hills,  and  the  water  appears 
to  be  of  good  quality. 

Shelby, — The  public  water-supply  system  of  Shelby  (population, 
4,685)  was  put  in  by  a  private  company,  the  Shelby  Water  Company, 
in  1897,  and  has  cost  to  date  $140,000.  The  supply  is  from  twelve 
6-inch  wells,  46  feet  deep,  located  in  lowland  lying  northwest  of  the 
village  and  bordering  Black  Fork.  The  wells  go  through  clay  and 
sand,  gravel,  and  blue  clay,  into  a  stratum  of  gravel,  in  which  the 
water  is  found.  The  normal  level  of  the  water  in  the  wells  is  5  feet 
from  the  surface,  and  the  supply  has  been  so  abundant  tljat  the  level 
is  seldom  lowered  more  than  a  foot  by  the  pumps.  The  creek  at 
times  overflows  the  land  occupied  by  the  wells,  but  it  is  claimed  the 
turbidity  of  the  well  water  does  not  increase  during  such  times, 
showing  no  intimate  connection  between  the  surface  water  and  that 
obtained  from  the  wells. 

The  water  is  pumped  directly  from  the  wells  to  a  standpipe  by  two 
horizont.al  compound  duplex  McGowan  pumps  of  2,000,000  gallons 
capacity  each.  The  standpipe  is  16  feet  in  diameter  and  145  feet 
high,  giving  a  capacity  of  218,000  gallons  and  an  average  pressure  of 
1,000  pounds. 

There  are  i5  miles  of  mains  in  use,  giving  95  per  cent  of  the  people 
access  to  the  water.  There  are  710  services  connected,  640  of  which 
are  in  use,  and  4  are  metered.  The  average  daily  consumption  is 
750,000  gallons,  or  160  gallons  per  capita,  or  170  gallons  per  con- 
sumer. The  water  is  rather  highly  impregnated  with  iron,  and  on 
this  account  is  objectionable  to  many  for  domestic  use. 

Tippecanoe  City, — A  public  water-supply  system  was  put  in  by  Tip- 
pecanoe City  (population,  1,703)  in  1897,  and  has  cost  to  date,  together 
with  the  electric-light  plant,  $28,000.  The  supply  is  obtained  from 
driven  wells  located  in  the  eastern  part  of  the  village,  near  the  Miami 
and  Erie  Canal.  There  are  five  8-inch  wells,  driven  80  feet  deep  into 
a  bed  of  sand  and  gravel.  Only  three  of  the  wells  are  in  use.  The 
normal  level  of  the  water  is  10  feet  below  the  surface,  and  this  is  low- 
ered by  pumping  to  a  depth  of  from  17  to  35  feet,  according  to  the 
season. 

The  wells  are  surrounded  by  scattered  houses,  and  will  in  time 
suffer  pollution  unless  steps  are  taken  to  drain  off  all  objectionable 
refuse. 

The  water  is  pumped  directly  from  the  wells  to  the  mains  by  two 
horizontal  duplex  Smith- Yaile  pumps  of  500,000  gallons  capacity 
each,  and  at  a  pressure  of  60  pounds,  which  is  decreased  to  55  on  most 
of  the  mains. 

There  are  6  miles  of  mains,  which  supply  about  95  per  cent  of  the 
population  with  water.  There  are  345  services,  310  of  which  are  in 
use,  and  18  are  metered.     The  average  daily  consumption  is  75,000 gal- 
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Ions,  which  is  281  gallons  per  service,  56  per  consumer,  and  44  per 
capita  of  the  total  population. 

Trottvood. — ^The  smallest  village — or  rather  community,  as  it  is  not 
incorporated — in  the  State  that  has  a  public  water  supply  is  Trotwood 
(population,  214).  The  plant  was  put  in  in  1890  by  a  stock  company, 
formed  of  nearly  all  the  citizens,  to  provide  primarily  for  fire  protec- 
tion only,  and  has  cost  to  date  $4,000.  The  installation  of  the  system 
was  occasioned  by  a  very  disastrous  fire  the  year  previous. 

The  water  supply  is  procured  from  two  8-inch  wells,  driven  26  feet 
through  clay  and  hardpan  and  into  a  bed  of  gravel.  The  water 
stands  in  the  wells  12  feet  below  the  surface,  and  the  level  was  low- 
ered but  little  by  pumping  at  the  rate  of  120  gallons  per  minute.  The 
water  is  pumped  directly  from  the  wells  to  a  horizontal  steel  tank  by 
a  vertical  duplex  power  pump  run  by  a  gasoline  engine.  The  tank, 
engine,  pump,  and  wells  are  all  within  the  confines  of  a  neat  stone 
building  situated  at  the  edge  of  the  village. 

The  pump  was  made  by  C.  O.  Lucas,  of  Gfreenville,  Ohio,  and  is 
fitted  with  a  device  by  which  a  certain  amount  of  air  can  be  pumped 
with  the  water  to  the  tank,  and  there,  under  pressure,  force  the  water 
through  the  mains  when  the  pump  is  not  running.  The  pump  is  a 
double-acting  one,  with  a  capacity  of  175,000  gallons  in  twenty-four 
hours,  working  under  a  pressure  of  from  40  to  80  pounds,  the  limits 
allowed  in  the  tank.  This  tank  is  24  feet  long,  5  feet  in  diameter, 
and  holds  5,000  gallons.  It  is  fitted  with  a  blow-ofl!  cock  for  the  reg- 
ulation of  the  pressure  and  the  amount  of  air  above  the  water. 

There  are  3,900  feet  of  mains,  to  which  about  90  per  cent  of  the  peo- 
ple have  access.  There  are  38  services  connected,  30  of  which  are  in 
use,  and  none  is  metered. 

The  water  is  of  good  quality,  but  it  is  not  yet  in  general  use  for 
domestic  purposes.  On  account  of  the  few  services  and  the  wide 
range  of  pressure  allowed  in  the  tank — from  40  to  80  pounds — the 
pump  is  run  for  a  short  time  only  each  day,  and  the  water  in  the 
tank  is  not  so  fresh  as  it  would  be  with  a  larger  consumption. 

Troy, — The  public  water-supply  system  of  Troj'  (population,  5,881) 
was  installed  in  1884,  and  has  cost  to  date  $125,000.  The  first  supply 
was  obtained  from  a  large  well,  25  feet  in  diameter  and  31  feet  deep, 
dug  in  the  sand  and  gravel  that  underlies  this  whole  section.  This 
failed  to  supply  the  increasing  consumption,  and  in  1891  another  large 
well  was  dug,  which  was  later  filled  by  a  fiood  and  not  reopened.  As 
the  consumption  increased,  fiivet  8-inch  wells  were  driven  20  feet  in  the 
bottom  of  the  first  large  well,  and  the  flow  considerably  increased  for 
a  time,  but  the  water  soon  ran  low  and  they  are  not  of  much  use  now. 
In  1898  three  wells  were  driven  near  the  old  large  wells,  but  they  were 
of  no  value.  In  the  same  year  five  8-inch  wells  were  driven  along  the 
street  south  of  the  plant,  and  considerable  water  was  found  at  from 
38  to  51  feet  below  the  surface.     In   1899  eight  8-inch  wells  were 
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driven  just  east  of  the  plant  to  a  depth  of  from  38  to  54  feet.  -  The 
last  two  sets  of  wells,  13  in  all,  furnish  the  bulk  of  the  water. 

The  water  is  pumped  directly  from  the  wells  by  two  horizontal 
compound  duplex  Laidlaw-Dunn-Gordon  pumps  of  1,700,000  gallons 
capacity  each.  Until  March,  1898,  nearly  all  of  the  water  was  pumped 
by  two  Smith-Vaile  power  pumps  of  1,000,000  gallons  capacity  each, 
actuated  by  a  15-inch  and  28-inch  Victor  turbine  supplied  with  water 
under  10  feet  8  inch  head  from  the  "hydraulic,"  a  ditch  fed  from  the 
Miami  and  Erie  Canal  and  a  little  local  territory,  which  furnished 
satisfactory  power  until  March,  1898,  when  a  flood  washed  oat  the 
embankment,  damaged  the  power  house,  and  fiUed  up  one  of  the  wells, 
as  noted  above.     The  average  domestic  pressure  carried  is  60  pounds. 

There  are  14  miles  of  mains  in  use,  to  which  about  90  per  cent  of 
tlie  people  have  access.  There  are  1,002  services  connected,  of  which 
994  are  in  use,  and  78  of  these  are  metered.  The  average  daily  consump- 
tion is  503,000  gallons,  which  is  506  g9,llons  per  service,  101  gallons 
per  consumer,  and  86  gallons  per  capita  of  the  total  population. 

The  waterworks  is  located  in  the  northern  part  of  the  city,  where 
the  wells  are  subject  to  but  little  local  pollution,  and  the  water  seems 
to  be  of  good  quality. 

Urbaria. — The  waterworks  at  Urbana  (population,  6,808)  were  put  in 
by  a  private  company  in  1S78.  The  supply  is  from  one  large  well  20 
feet  in  diameter  and  23  feet  deep,  walled  up  with  rough  stone  and  cov- 
ered with  a  conical  board  roof,  and  from  eight  6-inch  wells  averaging 
40  feet  in  depth.  The  large  well  goes  through  about  4  feet  of  soil,  2 
feet  of  blue  clay,  and  then  through  layers  of  gravel  and  sand,  finding 
water  in  a  layer  of  fine  gravel  23  feet  down.  The  small  wells  go 
through  the  same  strata  and  obtain  their  water  in  an  extensive  bed  of 
gravel,  which  continues  downward  for  150  feet,  when  bed  rock  is 
struck. 

A  reservoir  175  by  80  by  13  feet  deep,  with  a  capacity  of  140,(XK) 
gallons,  is  used  to  store  water -in  case  of  emergency.  It  is  claimed  it 
has  not  been  used  for  a  year  at  least.  The  sides  and  bottom  of  the 
reservoir  are  carefully  cemented,  and  practically  no  surface  drainage 
has  access  to  it.  The  reservoir  is  cleaned  three  or  four  times  a  year 
to  remove  moss  and  other  vegetable  growths. 

The  water  is  pumped  from  the  large  well  directly  to  the  mains  by  a 
quadruplex  Holly  pump  of  1,500,000  gallons  capacity,  installed  in  1878, 
and  a  horizontal  compound  duplex  Holly  pump  of  2,000,000  gallons 
capacity,  put  in  about  1889.  There  are  8.4  miles  of  mains  in,  giving 
nearly  all  the  city  access  to  the  water.  There  are  900  services  in  use, 
of  which  40  are  metered.  The  average  daily  consumption  is  about 
1,000,000  gallons,  and  the  average  per  consumer  is  185  gallons. 

The  private  water  supply  is  from  dug  and  driven  wells  ranging  from 
a  few  feet  to  60  feet  in  depth.  These  wells  obtain  their  water  from  a 
large  bed  of  gravel  which  underlies  the  whole  city.     This  bed  is  com- 
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posed  of  alternate  layers  of  gravel,  sand,  and  bine  clay.  The  clay  is 
not  continuous,  but  is  very  much  broken,  especially  in  the  western 
part  of  the  city.  In  the  eastern  half  the  layers  of  hardpan  and  clay 
are  more  extensive,  making  several  water-bearing  strata,  one  above 
each  layer  of  hardpan.  This  large  gravel  bed  supplies  an  abundance 
of  water,  and  would  furnish  a  water  of  good  quality  if  it  were  pro- 
tected from  pollution.  Urbana  has  no  sewers  whatever.  The  surface 
drainage  is  to  Dugan  Creek  and  its  branches,  through  surface  drains 
and  gutters.  Dugan  Creek  is  a  tributary  of  Mad  River.  Many  houses 
have  water-closets  that  drain  to  cessx>ools,  which  are  put  down  into 
the  gravel,  so  that  the  water  will  drain  off  and  not  fill  up  the  cesspool 
so  quickly.  As  soon  as  they  become  full,  new  ones  are  dug  and  the 
old  ones  are  covered  over.  Vaults  are  also  dug  down  into  the  gravel, 
so  as  to  require  less  frequent  cleaning,  or  in  this<;ase  renewal,  as  very 
few  vaults  are  ever  cleaned.  This  practice  has  loaded  the  ground 
water  with  filth,  and  would  make  well  water  absolutely  unfit  for  use 
if  it  were  not  for  the  filtering  action  of  the  gravel  and  sand.  The 
water  is  at  the  present  time  a  potable  one. 

There  are  now  20  miles  of  mains  laid,  giving  about  85  per  cent  of 
the  x)eople  access  to  the  water.  There  are  1,137  services  connected,  of 
which  1,000  are  in  use,  and  60  of  these  are  metered.  The  average  daily 
consumption  is  1,170,000  gallons,  which  is  1,286  gallons  per  service, 
257  gallons  per  consumer,  and  186  gallons  per  capita  of  the  total 
population. 

Versailles, — On  November  1,  1900,  Versailles  (population,  1,478) 
obtained  the  approval  of  the  State  board  of  health  for  a  public  water 
supply  to  be  obtained  from  three  8-inch  wells  located  on  the  banks  of 
Swamp  Creek,  near  the  center  of  the  village,  though  not  in  the  imme- 
diate neighborhood  of  many  houses.  The  wells  are  driven  30  feet 
deep  through  a  bed  of  clay  and  into  gravel,  and  could  furnish  an 
excellent  water  but  for  contamination  from  the  surrounding  popula- 
tion. ITie  water  is  not  of  the  best,  but  as  it  is  all  that  can  be  had, 
and  is  so  much  better  than  the  private  well  water,  its  use  was  per- 
mitted. The  plant  has  just  been  put  in,  and  has  cost  to  date  $38,000. 
I'hree  and  one-half  miles  of  mains  have  been  laid,  90  per  cent  of  the 
population  having  access  to  them,  and  126  services  have  been  con- 
nected, all  of  which  are  in  use,  and  none  is  metered.  The  average 
daily  consumption  is  200,000  gallons,  which  is  135  gallons  per  capita 
of  the  total  population,  or  150  gallons  per  consumer. 

Wadsworth, — A  public  water-supply  system  was  put  in  at  Wads- 
worth  (population,  1,764)  by  a  private  company  in  1881,  and  has  cost 
to  date  about  $12,000.  The  supply  was  first  obtained  by  gravity  from 
three  springs,  two  situated  on  the  high  ground  just  north  of  the  village 
and  one  on  a  hill  to  the  east,  the  average  elevation  of  the  three  being 
about  80  feet  above  the  village  streets.  The  springs  are  walled  up 
and  roofed  over,  and  fairly  well  protected  from  surface  washings, 
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though  not  so  well  as  their  surroundings  require.  Analyses  have 
shown  that  these  springs  are  not  yet  seriously  polluted. 

These  springs  failed  in  time  to  give  enough  water,  and  in  1898  three 
6-inch  wells  were  drilled  40  feet  deep,  going  28  feet  into  sandstone. 
These  wells  are  in  the  valley  of  a  small  run  northwest  of  the  village 
and  are  removed  from  serious  contamination.  The  water  rises  prac- 
tically to  the  surface  when  the  wells  are  not  being  pumped,  and  it  is 
lowered  about  15  feet  by  tlie  pumps. 

The  water  is  pumped  directly  from  the  wells  to  the  main  by  a 
150,000-gallon  horizontal  duplex  Worthington  pump,  the  surplus  going 
to  the  spring  basins. 

There  are  6^  miles  of  mains  laid,  to  which  80  per  cent  of  the  popu- 
lation of  the  village  have  access.  There  are  350  services  connected, 
of  which  340  are  in  use,  and  none  is  metered.  It  was  impossible  to 
estimate  the  consumption,  as  no  record  has  ever  been  kept  either  of 
the  flow  of  the  springs  or  of  the  amount  pumped  from  the  wells. 

Waynesbv/rg. — ^The  public  water-supply  system  at  Waynesburg 
(population,  613)  was  put  in  by  a  private  company,  the  Waynesburg 
Water  Company,  in  1857,  and  has  cost  to  date  11,300.  The  water  is 
obtained  by  impounding  the  run-off  of  two  springs  located  in  the 
upper  part  of  the  village,  and  the  supply  is  carried  to  the  mains  by 
gravity.  The  reservoir  consists  of  a  basin  16  by  33  feet  and  5  feet 
deep,  built  of  brick  and  covered  with  a  board  roof.  It  has  a  capacity 
of  about  16,000  gallons  and  is  located  at  such  a  height  as  to  give  an 
average  pressure  of  about  20  pounds.  The  springs  emerge  from  the 
side  of  a  hill  which  is  used  as  a  pasture.  One  of  them  comes  from  an 
abandoned  coal  bank.  There  has  been  0. 75  mile  of  mains  laid,  giv- 
ing 40  per  cent  of  the  people  access  to  the  water;  55  services  have  been 
connected,  all  of  which  are  in  use,  and  none  is  metered.  The  daily 
consumption  could  not  be  even  estimated. 

WaynesviUe. — On  November  1, 1900,  Waynesville  (population,  723) 
obtained  the  approval  of  the  State  board  of  health  for  a  public  water 
supply  to  be  obtained  from  a  number  of  6-inch  drilled  wells  located 
south  of  the  village  and  near  the  Little  Miami  River.  The  wells  are 
from  40  to  50  feet  deep,  are  drilled  through  various  strata  of  sand 
and  gravel  and  into  limestone,  just  above  which  the  water  is  found. 

The  wells  are  practically  free  from  local  pollution,  and  the  small 
amount  existing  can  easily  be  removed,  so  that  they  should  furnish 
an  excellent  water — much  better  than  the  private  well  supply. 
Bonds  for  $30,000  were  sold,  and  a  combined  electric-light  and  water 
plant  has  just  been  put  in. 

The  water  is  pumped  to  a  standpipe  having  a  capacity  of  92,000 
gallons  by  two  duplex  McGowan  pumps  of  750,000  gallons  pumping 
capacity  each.  About  3J  miles  of  mains  have  been  laid,  and  125  serv- 
ices are  connected,  123  of  which  are  in  use,  and  none  is  metered. 
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IVest  CarroUton, — The  public  water-supply  system  of  West  Carroll- 
ton  (population,  987)  was  put  in  by  the  village  in  1895,  and  has  oost  to 
date  $8,500.  The  supply  isobtained  from  two  8-inch  wells  drilled  in  the 
lowland  along  the  Miami  and  Erie  Canal.  The  wells  are  65  feet  deep 
and  go  through  gravel,  hardpan,  and  into  a  deep  bed  of  sand,  in  which 
the  water  is  found.  The  normal  level  of  the  water  is  about  10  feet 
from  the  surface,  and  it  is  lowered  to  about  30  feet  by  the  highest 
consumption. 

The  water  is  pumped  directly  to  the  mains  by  a  horizontal  duplex 
McGowan  pump  of  750,000  gallons  capacity.  The  average  pressure 
Ls  60  x>ounds.  The  pump  is  located  in  the  mill  of  the  G.  H.  Friend 
Paper  and  Tablet  Company,  which  has  a  ten-year  contract  with  the 
village,  under  which  the  company  furnishes  steam  for  the  pump  and 
keeps  it  in  repair  for  its  use  and  for  the  use  of  the  water  from  the  wells. 
The  consumption  of  water  in  the  village  is  small,  but  a  large  amount 
is  used  by  the  paper  mill. 

There  are  4  miles  of  mains  in,  giving  about  90  per  cent  of  the 
people  access  to  the  water.  There  are  128  services  connected,  of 
which  120  are  in  use,  and  3  are  metered.  The  well  water  seems  to  be 
of  good  quality  and  is  used  for  domestic  purposes. 

DEBP-SEATED. 

Ada. — ^The  village  of  Ada  (population,  2,576)  is  furnished  with  water 
by  the  Ada  Water,  Heat  and  Light  Company,  which  derives  its  supply 
from  four  8-inch  wells,  drilled  152  feet  deep  through  25  feet  of  clay  and 
soil,  5  to  G  feet  of  gravel,  and  the  remaining  distance  in  limestone. 
The  wells  are  located  in  the  eastern  part  of  the  village,  fairly  well 
removed  from  local  influences.  The  water  is  pumped  directly  to  the 
mains  by  two  horizontal  compound  duplex  Deane  pumps  of  750,000 
gallons  capacity  each  and  one  Dunn-Gordon  of  75,000  gallons  capacity. 
The  heating  plant  has,  also,  two  horizontal  compound  duplex  Laidlaw- 
Dunn-Gordon  pumps  of  the  same  capacity,  which  can  also  be  used  on 
the  water  supply  if  necessary.  There  have  been  3  miles  of  mains  laid, 
to  which  75  per  cent  of  the  x>opulation  have  access;  150  services  have 
been  connected,  of  which  100  are  in  use,  and  15  are  metered.  The 
average  daily  consumption  is  300,000  gallons,  which  is  116  gallons  per 
capita  of  the  entire  population,  or  155  gallons  per  consumer.  The 
supply  has  just  been  installed,  and  the  above  estimates  are  therefore 
not  very  reliable. 

Bluffton. — A  public  water-supply  system  was  put  in  by  Bluffton 
(population,  1,783)  in  1896  at  a  cost  of  $17,000,  and  has  cost  to  date 
$24,000.  The  supply  is  derived  from  8  wells,  8  inches  in  diameter 
and  from  35  to  50  feet  in  depth.  Only  6  of  these  wells,  however,  are 
now  connected  with  pumps. 

The  limestone  lies  within  a  few  feet  of  the  surface,  and  the  water  is 
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"flRHtained  in  this  rock.  It  rises  nearly  to  the  surface  when"it  is  not 
f(hmped,  but  can  easily  be  lowered  to  the  suction  limit  of  the  pumps. 
"Tfce  supply  of  water  has  always  been  sufficient  so  far,  but  for  use  in 
eases  of  emergency  an  8-inch  intake  pipe  has  been  run  to  an'^M  stone 
quarry  near  the  waterworks.  This  quarry  contains  about  3^  aci-es. 
and  the  water  is  from  3  to  20  feet  deep,  only  the  upi)er  5  feet  of  which, 
or  4,000,000  gallons,  can  be  drawn  off  by  the  pumps.  This  emergency 
intake  is  infrequently  used. 

The  well  water  is  pumped  to  an  elevated  tank  by  a  horiziontal 
simple  duplex  Stillwell-Bierce-Smith-Vaile  pump  of  750,000  gallons 
capacity.  The  tank  is  20  feet  in  diameter,  30  feet  high,  with  a  capac- 
ity of  70,000  gallons,  and  is  placed  on  a  steel-frame  tower  82  feet  in 
height,  which  gives  an  average  pressure  of  35  pounds  on  the  main 
streets. 

There  have  been  4  miles  of  mains  laid,  giving  80  per  cent  of  the 
population  access  to  the  water.  There  are  300  services  connected,  of 
which  250  are  in  use,  and  only  1  is  metered. 

The  average  daily  consumption  is  about  120,000  gallons,  or  68  gal- 
lons per  capita  of  the  population  of  the  village  and  81  gallons  for  each 
consumer. 

Bryan. — A  public  water-supply  system  was  put  in  by  Bryan  (popu- 
lation, 3,131)  in  1893-94,  and  had  cost  to  January,  1899,  $45,000.  The 
supply  is  derived  from  thirteen  wells,  eight  of  which  were  put  down 
in  1893,  and,  in  the  fear  that  these  might  not  furnish  enough  water, 
five  more  were  sunk  later.  The  wells  are  4 J  inches  in  diameter,  from 
95  to  112  feet  deep,  and  go  through  hardpan,  cement,  gravel,  quick- 
sand, and  into  loose  gravel,  where  the  water  is  found.  When  not 
pumped  all  the  wells  flow,  and  they  have  always  furnished  enough 
water,  the  level  never  going  below  the  suction  limit  of  the  punii)s. 
The  water  flows  from  the  wells  to  a  common  main,  to  which  the  suc- 
tion pipe  is  attached,  and  to  which  it  is  directly  pumped  by  two  hori- 
zontal compound  duplex  Hughes  pumps  of  1,000,000  gallons  capacity 
each. 

There  have  been  6  miles  of  mains  laid,  which  give  75  per  cent  of 
the  people  access  to  the  water.  There  are  436  services  connected,  of 
which  only  about  one-half  are  in  use  the  year  round,  the  rest  being 
used  in  summer  only  for  sprinkling.  Of  these  services  55  are  metered. 
The  average  dail}'^  consumption  is  176,000  gallons,  or  56  gallons  iK*r 
capita  of  the  total  population,  and  74  gallons  per  consumer. 

Carey. — A  public  water-supply  system  was  put  in  by  Carey  (p^>pu- 
lation,  1,816)  in  1894,  and  has  cost  to  date  *30,000.  The  supply  is 
from  a  group  of  five  wells  west  of  the  village,  where  the  limestone  is 
only  14  feet  below  the  surface.  The  wells  are  5f  inches  in  diameter, 
from  50  to  60  feet  deep,  and  the  water  stands  normally  only  13  feet 
from  the  surface,  and  its  level  is  lowered  but  1  foot  by  ordinary 
pumping. 
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The  water  is  puini)ed  directly  from  the  wells  to  a  standpipe  by  two 
horizontal  compound  duplex  Laidlaw-Dunn-Gordon  pumps  of  500,000 
gallons  capacity  each.  The  standpipe  is  1()  feet  in  diameter,  115  feet 
high,  and  has  a  capacity  of  173,000  gallons.  There  are  7  miles  of 
mains  laid,  which  give  80  -per  cent  of  the  population  access  to  the 
water. 

There  are  250  services  connected,  all  of  which  are  in  use,  and  G  acsh. 
metered.     The  average  daily  consumption  is  estimated  to  be  lG0,0(Xi^. 
gallonr^or  88  gallons  per  ei\pita  of  the  total  population,  and  110  gsHgt* 
Ions  for  each  consumer.  

CcuBXoRion. — ^A  public  water-supply  system  was  put  in  by  Carroi^ 
ton  (iKiyulation,  1,271)  in  1895,  and  has  cost  to  date  $66,000.  The 
watQc4ft  taken  from  five  8-inch  drilled  wells,  which  are  100  feet  deep 
and  go  through  17  feet  of  loam  and  shale  and  83  feet  into  sandstone. 
The  normal  level  of  the  water  is  8  feet  below  the  surface,  and  it  is 
lowered  to  27  or  28  feet  during  pumping. 

The  water  is  pumped  directly  from  the  wells  to  a  standpipe  which 
is  16  feet  in  diameter  and  73  feet  high,  giving  a  capacity  of  103,000 
gallons  and  a  domestic  pressure  of  60  pounds.  The  pumps  consist  of 
two  horizontal  compound  duplex  Worthingtons,  of  750,000  gallons 
capacity  each. 

There  are  4^  miles  of  mains,  giving  85  per  cent  of  the  people  access 
to  the  water.  There  are  255  services  connected,  all  of  which  are  in 
use,  and  2  are  metered.  The  average  daily  consumption  is  85,000  gal- 
lons, which  is  67  gallons  per  capita,  and  78  gallons  per  capita  of  the 
population  actually  supplied.  This  supply  is  in  general  use  for  domes- 
tic purposes. 

CanUfiental. — A  public  water-supply  system  was  put  in  by  Conti- 
nental (population,  1,104)  in  1894,  and  has  cost  to  date  about  $10,000. 
The  supply  is  from  three  8-inch  wells  75  feet  deep,  which  strike  the 
limestone  at  a  depth  of  48  feet.  The  water  is  pumped  to  a  standpipe 
by  a  deep-well  pump  of  100,000  gallons  capacity.  The  water  rises  in 
the  well  to  within  13  feet  of  the  surface,  but  the  pump  cylinder  is 
phu;ed  20  feet  down,  so  that  if  necessary  the  water  can  be  lowered 
about  45  feet;  but  it  has  never  reached  this  limit  yet,  as  the  well  has 
always  supplied  enough  at  a  higher  level. 

The  standpipe  is  10  feet  in  diameter,  100  feet  high,  %nd  has  a  capac- 
ity of  40,000  gallons.  For  ordinary  service  the  deep- well  pump  keeps 
the  standpipe  full,  but  in  case  of  fire  a  100,000-gallon  duplex  Stillwell- 
Bierce  pump  draws  from  the  standpipe  and  pumps  directly  to  the 
main. 

There  are  2^  miles  of  mains  in  use,  which  give  about  75  per  cent  of 
the  i)opulation  access  to  the  water.  There  are  110  services  connected, 
of  which  84  are  in  use,  and  4  of  these  are  metered.  The  average 
daily  consumption  is  45,000  gallons,  or  41  gallons  per  capita  of  the 
population  of  the  village,  and  154  gallons  for  each  consumer. 
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Dcdton. — A  public  water-supply  system  was  put  in  by  Dalton  (popu- 
lation, 666)  in  1895,  and  has  cost  to  date  $8,000.  The  water  is  obtained 
from  a  well  200  feet  deep,  drilled  in  sandstone  all  the  way.  The  well 
was  drilled  6  inches  in  diameter  for  a  part  of  the  way,  then  sent  down 
to  the  above  depth  only  4  inches  in  diameter.  The  water  is  pumped 
by  a  deep- well  pump  operated  by  wind  x)ower  to  a  reservoir  located 
at  the  side  of  the  well,  and  then  flows  by  gravity  to  the  town  to  the 
east.  The  pump  cylinder  is  150  feet  below  the  surface,  and  the  water 
can  be  lowered  to  the  suction  limit  below  this.  The  normal  level  of 
the  water  is  40  feet  below  the  surface.  The  deep- well  pump  was  for- 
merly operated  by  steam,  but  owing  to  the  fact  that  the  well  is  on  a 
high  hill,  where  good  wind  power  can  be  developed,  the  change  was 
made.  The  wind  wheel  is  of  the  self-adjusting  compound  pattern, 
and  i-equires  no  attention  beyond  occasional  setting  and  oiling.  With 
this  power  the  pump  can  handle  about  10,000  gallons  daily.  The 
reservoir  is  a  circular  brick  well,  covered  with  a  tin  roof,  and  holding 
140,000  gallons.  In  addition  to  the  well  supply,  the  run-off  of  a  spring 
located  in  the  town  has  been  impounded  in  a  reservoir  of  36,000  gal- 
lons capacity,  which  is  used  only  when  the  well  supply  is  shut  off  for 
repairs  or  for  lack  of  wind. 

There  are  2i  miles  of  mains  laid,  which  give  85  per  cent  of  the  peo- 
ple access  to  the  water.  There  are  42  service  taps  connected,  of  which 
36  are  in  use,  and  8  are  metered.  Only  3  of  the  taps  are  for  house 
use,  the  others  being  for  sprinkling  and  stable  use  only.  The  aver- 
ago  daily  consumption  is  about  3,900  gallons,  which  is  5  gallons  for 
each  person  in  the  village,  and  20  for  each  consumer.  This  supply  is 
not  used  at  all  for  domestic  purposes. 

Ddphos, — A  public  water-supply  system  was  put  in  by  Delphos 
(population,  4,517)  in  1896,  and  has  cost  to  date  $82,000. 

The  supply  is  from  seven  8-inch  wells,  ranging  from  191  to  300  feet 
deep,  which  obtain  water  from  the  Onondaga  limestone,  the  top  of 
which  is  only  20  feet  below  the  surface.  Six  of  the  wells  flow  to  a 
receiving  well,  and  one  of  them  is  pumped  to  this  by  a  Stillwell-Bierce 
air  lift.  This  one  well  furnishes  nearly  all  the  water,  which  flows 
naturally  at  the  rate  of  56,000  gallons  a  day  and  can  be  pumx>ed  at 
a  rate  of  185,000  gallons. 

The  receiving  well  is  40  feet  in  diameter,  37^  feet  deep,  and  has  a 
capacity  of  235,000  gallons.  It  is  excavated  partly  in  rock,  its  sides 
are  lined  with  brick,  and  it  is  roofed  over,  so  that  it  furnishes  an 
excellent  receptacle  for  a  reserve  supply  of  water. 

Before  the  air  lift  was  installed  the  water  was  almost  unusable 
from  the  amount  of  sulphur  present,  but  the  aeration  afforded  by  the 
lift  has  overcome  this  objection,  and  by  the  time  the  water  reaches 
the  mains  it  is  free  from  the  taste  and  smell  of  sulphur.  A  strong 
odor  of  sulphur  is  noticeable,  however,  in  the  receiving  well. 
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The  water  is  pumped  from  this  well  to  a  standpipe  by  two  horizontal 
eomponnd  duplex  Laidlaw-Dunn-Gordon  pumps,  each  of  1,000,CKX) 
gallons  capacity.  The  standpipe  is  20  feet  in  diameter,  130  feet  high, 
and  has  a  capacity  of  305,000  gallons,  which,  with  the  receiving  well, 
gives  an  ample  reserve  supply  of  water. 

There  are  15.38  miles  of  mains  in  use,  giving  90  per  cent  of  the  x>opu- 
lation  access  to  the  water.  There  are  615  service  taps,  of  which  600 
are  in  use,  and  53  of  these  are  metered.  The  average  dail}*^  consump- 
tion is  300,000  gallons,  which,  is  66  gallons  per  capita  of  the  total 
population,  or  74  gallons  x)er  consumer. 

Lebanon, — A  public  water-supply  system  was  installed  in  1896  by 
Lebanon  (population,  2,867),  and  has  cost  to  date  $52,000.  A  light 
plant  has  recently  been  established  in  the  same  building  at  a  cost  of 
$20,000.  The  supply  is  obtained  from  six  6-inch  wells  driven  from  96 
to  104  feet  through  alternating  strata  of  clay,  sand,  and  gravel.  The 
wells  are  located  a  short  distance  west  of  the  village,  in  the  low  ground 
bordering  a  small  tributary  of  Turtle  Creek. 

The  water  from  the  wells  is  siphoned  to  a  receiving  well,  from  which 
it  is  pumped  to  a  standpipe  by  two  horizontal  compound  duplex  Still- 
well-Bierce  and  Smith- Vaile  pumps  of  750,000  gallons  capacity  each. 
The  supply  from  the  wells  is  such  that  the  water  in  the  receiving  well 
can  be  lowered  only  10  feet  by  the  present  pumping  capacity. 

The  receiving  well  consists  of  a  brick  cistern  covered  with  a  tin  roof, 
and  is  40  feet  in  diameter  and  25  feet  deep,  with  a  capacity  of  235,000 
gallons.  The  standpix>e  is  80  feet  high  and  25  feet  in  diameter,  with 
a  capacity  of  300,000  gallons.  The  average  pressure  on  the  mains  is 
70  pounds. 

There  are  12  miles  of  mains  in  use,  to  which  at  least  95  per  cent  of 
the  i)eople  have  access.  There  are  538  services  connected,  of  which 
512  are  in  use,  and  15  of  these  are  metered.  Two  of  the  meters  are  on 
the  lines  to  the  County  Infirmary  and  Children's  Home,  respectively. 

The  average  daily  consumption  is  103,000  gallons,  or  40  gallons  per 
consnmer  and  36  gallons  per  capita  of  the  total  population.  The 
water  seems  to  be  of  excellent  quality  and  is  in  general  use  for  domes- 
tic purposes. 

LewisviUe. — A  water-supply  system  was  installed  in  1894  by  Lewis- 
viUe  (population,  1,374),  and  has  cost  to  date  $18,000.  The  supply  is 
obtained  from  two  8-inch  wells,  which  were  drilled  110  feet  deep,  going 
through  soil  and  shale  into  a  bed  of  gravel.  The  normal  level  of  the 
water  is  from  8  to  10  feet  below  the  surface,  and  it  has  never  been 
lowered  to  the  suction  limit. 

The  water  is  pumped  directly  from  the  wells  to  a  standpipe  by  two 
horizontal  duplex  Boisard  pumps  of  500,000  gallons  capacity  each. 
The  standpipe  is  16  feet  in  diameter  and  100  feet  high,  and  has  a 
capacity  of  150,000  gallons.     The  domestic  pressure  varies  from  45  to 
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50  pounds  in  the  main  streets.  There  are  3^  miles  of  mains,  which 
give  90  per  cent  of  the  people  access  to  the  water.  There  are  165 
services  connected,  of  which  159  are  in  use,  and  none  is  metered.  The 
average  daily  consumption  is  40,000  gallons,  which  is  25  gallons  per 
capita  for  the  village  and  42  gallons  per  capita  of  the  population 
actually  supplied.  The  water  is  of  good  quality,  and  is  used  for 
domestic  purposes  by  those  who  have  access  to  it. 

MadisonviUe. — A  public  water-supply  system  was  installed  in  1892 
by  Madisonville  (population,  3,140),  and  has  cost  to  date,  together 
with  an  electric-light  plant,  $80,000.  The  waterworks  alone  cost 
about  $35,000.  The  supply  is  from  one  6-inch  well  and  two  8-inch 
wells,  each  150  feet  deep  and  drilled  through  various  strata  of  clay, 
quicksand,  and  gravel  down  to  the  rock.  The  wells  are  located  just 
west  of  the  village,  in  the  low  valley  of  a  branch  of  Duck  Creek. 
The  normal  level  ot  the  water  is  21  feet  from  the  surface. 

At  first  the  wells  were  pumped  by  direct  suction,  but  this  method 
failed  to  supply  enough  water,  and  in  1895  three  deep- well  pumps  were 
put  in.  The  wells  are  only  12  feet  apart  and  within  the  walls  of  the 
pumping  station,  conditions  favorable  to  the  installation  of  deep- well 
pumps.  All  the  pumps  are  the  double-acting  Laidlaw-Dunn-Gordon 
type,  two  having  a  capacity  of  500,000  gallons  each  and  the  third 
350,000  gallons.  The  pump  cylinders  are  placed  120  feet  from  the 
surface. 

The  water  is  pumped  by  the  deep- well  pumps  to  a  receiving  tank 
and  from  this  directly  to  the  mains  by  two  horizontal  compound 
duplex  Laidlaw-Dunn-Gordon  pumps  of  1,000,000  gallons  capacity 
each.  The  receiving  chamber  consists  of  a  covered  steel  tank  20  feet 
in  diameter  and  15  feet  high,  with  a  capacity  of  55,000  gallons.  Tlie 
pressure  at  the  station  is  80  pounds  and  the  average  on  the  mains  is 
50  pounds. 

There  are  10  miles  of  mains  laid,  giving  90  per  cent  of  the  people 
access  to  the  water.  There  are  350  services  connected,  of  which  340 
are  in  use,  and  2  are  metered.  The  average  daily  consumption  is 
estimated  to  be  110,000  gallons,  or  160  gallons  per  consumer  and  35 
gallons  per  capita  of  the  total  population.  The  water  seems  to  be  of 
excellent  quality  and  is  in  general  use  for  domestic  purposes  where  it 
is  available. 

Mansfield, — A  public  water-supply  system  was  installed  in  1870  by 
Mansfield  (population,  17,640),  and  has  cost  to  date  $566,000.  The 
supply  is  from  three  groups  of  wells — one  near  the  pumping  station 
in  the  northern  part  of  the  city,  near  Rocky  Fork ;  another  one-fourth 
of  a  mile  above  this,  near  the  Pennsylvania  Railroad,  and  the  thirtl 
on  Bloom  street,  near  the  central  part  of  the  city. 

The  station  wells  were  the  original  supply  and  were  drawn  upon 
until  the  water  in  this  section  was  exhausted;  then,  in  1889  and  1890, 
the  gang  one-fourth  of  a  mile  above  was  put  in,  and  in  1896  the 
Bloom  street  wells  were  drilled.     In  the  group  near  the  station  there 
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are  ten  4-inch  wells  and  one  10-inch  well,  which  range  in  depth  from 
150  to  210  feet  and  are  all  in  a  bed  of  quicksand.  This  gang  is 
pumped  to  a  receiving  well  by  a  horizontal  duplex  Blake  pump  of 
750,000  gallons  capacity,  and  supplies  about  375,000  gallons  daily. 

The  group  one-fourth  mile  above  the  station  consists  of  five  5-inch 
wells  and  one  10-inch  well,  all  180  feet  deep.  These  wells  penetrate 
soil  and  gravel  and  60  feet  into  sandstone  rock.  The  water  from  them 
flows  to  the  receiving  well  by  gravity.  A  centrifugal  pumping  plant 
will  shortly  be  installed  here,  which,  it  is  claimed,  will  increase  the 
capacity  of  the  group  to  2,000,000  gallons  daily. 

There  are  two  wells  in  the  Bloom  street  group,  each  10  inches  in 
diameter  and  180  feet  deep.  They  go  through  the  surface  soil,  gravel, 
and  clay  into  a  bed  of  quicksand.  The  water  flows  by  gravity  from 
these  wells  directly  to  the  station.  The  pump  well  is  35  feet  in  diam- 
eter and  30  feet  deep  and  is  walled  up  with  stone  and  housed  over. 
The  water  is  pumped  from  this  well  directly  to  the  mains  by  two  hori- 
zontal compound  duplex  Gordon  pumps  of  2,000,000  and  1,750,000 
gallons  capacity,  resi)ectively.  By  closing  down  the  valve  in  one  sup- 
ply main  two  pressures  are  maintained,  one  of  125  pounds  and  the 
other  cf  80. 

There  are  60  miles  of  mains  in  use,  which  supply  about  70  per  cent 
of  the  population  with  water.  There  are  3,000  services  connected,  all 
of  which  are  in  use,  and  43  are  metered.  The  average  daily  consump- 
tion is  about  3,000,000  gallons,  which  is  170  gallons  per  capita  of  the 
city  and  243  for  each  consumer.  The  water  is  in  general  use  by  all 
those  able  to  obtain  it. 

Montpdier. — A  public  water-supply  system  was  installed  in  1895 
by  Montpelier  (population,  1,869),  and  had  cost  to  January,  1899,  about 
$44,000.  The  supply  is  from  three  8-inch  drilled  wells  113  feet  deep, 
only  two  of  which  are  now  in  use.  The  wells  go  through  clay,  fine 
sand,  and  into  gravel,  in  which  the  water  is  found.  The  water  rises 
to  within  28  feet  of  the  surface;  and  as  the  wells  were  to  be  pumped 
by  direct  suction,  the  pumps  had  to  be  placed  20  feet  below  the  sur- 
face, from  which  place  they  can  lower  the  water  about  45  feet  below 
the  surface. 

The  water  is  pumped  to  a  stand  pipe  by  two  horizontal  compound 
duplex  Worthington  pumps  of  7o0,0()0  gallons  capacity  each.  The 
suction  pipe  is  6  inches  in  diameter  and  goes  down  36  feet  into  the 
well  casing. 

The  standpipe  is  12  feet  in  diameter,  110  feet  high,  and  has  a 
capacity  of  93,000  gallons. 

There  are  4^  miles  of  mains,  which  supply  about  80  per  cent  of  the 
people  with  water.  There  are  420  services  connected,  all  of  which 
are  in  use,  and  none  is  metered.  The  average  daily  consumption  is 
390,000  gallons,  or  209  gallons  per  capita  of  the  total  population  and 
261  gallons  x>6r  consumer. 
IBR  91—04 7 
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New  Bremen, — The  village  of  New  Bremen  (popnlation,  1,318)  will 
be  supplied  with  water  from  three  6-inch  wells  drilled  about  100  feet 
deep  through  76  feet  of  clay  and  gravel  into  limestone. 

Next)  Comerstown. — On  July  22,  1901,  a  franchise  was  grants  to 
the  New  Comerstown  Water  Company  for  furnishing  a  public  supply 
to  this  village  (population,  2,659).  The  plant  was  put  in  operation  in 
the  summer  of  1902,  the  supply  being  obtained  from  six  6-inch  wells 
driven  from  35  to  37  feet  deep  through  clay  and  loam  into  a  bed  of 
sand. and  gravel  lying  along  the  Tuscarawas  River,  three-quarters  of 
a  mile  east  of  the  village. 

The  water  is  pumped  directly  to  the  mains  and  reservoir  by  two  hori- 
zontal compound  duplex  Laidlaw-Dunn-Gordon  pumps  of  l,fKK),000 
gallons  capacity  each.  The  reservoir  is  constructed  of  concrete  or 
puddle,  not  covered,  and  has  a  capacity  of  1,125,000  gallons.  It  is 
located  on  a  hill  east  of  the  village,  at  such  an  elevation  as  to  give  a 
pressure  of  107  pounds  on  the  streets.  There  have  been  about  G^  miles 
of  mains  laid,  giving  practically  the  entire  population  access  to  the 
water.  It  is  reported  that  there  are  137  services  in  use,  6  of  which 
are  metered.  The  average  daily  consumption  is  250,000  gallons,  or  85 
gallons  per  capita  and  366  gallons  per  consumer.  The  industrial  use 
of  the  water  is  very  large.  It  is  reported  that  the  plant  complete  cost 
$149,000,  a  per  capita  cost  of  156.41.  It  is  hard  to  see  where  the 
money  was  placed,  as  this  is  certainly  a  large  sum  to  spend  for  a  plant 
of  this  character. 

Neio  Vienna. — This  village  (population,  805)  has  just  completed  a 
new  waterworks  at  a  cost  of  $20,000.  The  supply  is  obtained  from  four 
wells  driven  60  feet  thrpugh  gravel  and  Niagara  limestone  into  the 
shale  that  lies  below  this  rock.  This  water  was  struck  in  the  south- 
eastern portion  of  the  city  by  an  old  gas  well.  When  not  pumped  the 
water  flows  with  a  small  head.  A  compound  duplex  John  McGowan 
pump  raises  the  water  to  the  reservoir,  which  has  a  capacity  of  60,000 
gallons. 

Four  miles  of  mains  have  been  laid,  to  which  90  per  cent  of  the 
population  have  access.  There  are  25  services  connected,  and  it  is 
reported  that  the  daily  consumption  is  2,500  gallons,  but  the  plant  is 
so  new  that  it  is  impossible  to  estimate  it  accurately. 

Norwood. — This  village  (population,  6,480)  is  on  the  divide  between 
Duck  Creek  and  Mill  Creek,  and  only  about  half  of  its  population  is 
tributary  to  the  former,  or  the  Little  Miami  drainage  area. 

A  public  water-supply  system  was  put  in  by  the  village  in  1894,  and 
has  cost  to  date  $154,138.  A  light  plant  was  installed  in  the  same 
building,  costing,  completed,  $34,501.  The  supply  was  originally 
derived  from  six  drilled  wells,  235  feet  deep  and  6  and  8  inches  in 
diameter.  These  wells  began  to  fail  and  two  10- inch  wells  were  drilled 
260  feet  deep  through  clay,  gravel,  and  sand  and  into  the  limestone 
rock  a  few  feet.     These  have  furnished  the  whole  supply  since  Sep- 
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tember  1,  1900.  The  normal  level  of  the  water  is  110  feet  from  the 
surface,  and  it  is  lowered  but  little  by  pumping.  The  wells  are  located 
in  the  eastern  part  of  the  village,  but  the  water  will  not  be  greatly 
liable  to  pollution,  on  account  of  the  depth  at  which  it  is  found,  240 
feet,  and  the  general  introduction  of  sewers,  which  has  prevented  the 
construction  of  vaults.  A  third  well  is  being  put  down  so  as  to 
insure  an  ample  supply. 

The  water  is  pumped  to  a  receiving  basin  by  air  lifts  and  thence  to 
a  standpipe  by  two  horizontal  compound  duplex  Laidlaw-Dunn- 
Gordon  pumps  of  750,000  gallons  capacity  each.  Compressed  air  is 
supplied  by  a  Rand  Drill  Company's  compressor  and  by  a  new  Inger- 
soll-Sergeant  compressor,  the  former  being  held  in  reserve.  A  3-inch 
air  line  is  carried  down  240  feet  in  the  well,  and  the  water  is  forced  up 
between  this  and  the  casing. 

The  receiving  basin  is  an  open  oval-shaped  cistern,  15  by  20  by  8 
feet  deep,  with  a  capacity  of  14,000  gallons.  The  standpipe  is  60  feet 
high,  40  feet  in  diameter,  with  a  capacity  of  537,000  gallons,  and  is 
placed  on  a  hill  of  such  height  that  the  station  pressure  is  112  pounds, 
standpipe  full,  and  the  pressure  on  the  mains  varies  from  104  to  142 
pounds. 

There  are  35  miles  of  mains  laid,  giving  about  95  per  cent  of  the 
people  access  to  the  water.  There  are  974  services  connected,  of 
which  874  are  in  use,  and  140  of  these  are  metered.  Owing  to  the 
changes  in  the  plant  the  consumption  could  not  even  be  estimated. 

Oakwood. — ^During  1902  the  citizens  of  Oakwood  (population,  342) 
installed  a  complete  water-supply  system  at  a  cost  of  $10,000,  or  a 
per  capita  cost  of  $40.  The  supply  is  obtained  from  one  6-inch  well 
driven  50  feet  into  drift,  the  water  being  obtained  from  a  stratum  of 
sand  and  gravel. 

The  water  is  pumped  to  an  elevated  tank  holding  50,000  gallons  by 
a  power  pump  of  350,000  gallons  capacity,  operated  by  a  gasoline 
engine;  1.61  miles  of  mains  have  been  laid  and  26  services  have  been 
connecte<l,  24  of  which  are  in  use,  and  none  is  metered.  The  average 
daily  consumption  is  10,000  gallons,  or  40  gallons  per  capita  and  91 
gallons  per  consumer. 

OrrviUe. — A  public  wat-er-supply  system  was  installed  in  1894  by 
Orrville  (population,  1,901),  and  has  cost  to  date  $25,000.  The  sup- 
ply is  derived  from  four  8-inch  wells,  which  vary  from  114  to  121  feet 
in  depth.  The  wells  went  through  from  10  to  16  feet  of  soil,  then 
struck  the  rock,  which  is  a  conglomerate  of  the  Waverly  group.  The 
water  rises  above  the  surface  when  the  wells  are  not  being  pumped, 
and  it  is  lowered  only  from  10  to  12  feet  during  the  hardest  pumping. 
The  supply  is  pumped  directly  from  the  wells  to  the  mains,  and  a 
domestic  pressure  of  70  pounds  is  maintained  by  two  horizontal  com- 
pound duplex  Laidlaw-Dunn-Gordon  pumps  of  1,500,000  gallons 
capacity  each.     There  are  6  miles  of  mains  laid,  which  furnish  90  per 
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cent  of  the  people  with  water.  There  are  268  services  connected,  2iK> 
of  which  are  in  use,  and  none  is  metered.  The  average  daily  consump- 
tion is  141,858  gallons,  which  is  71  gallons  per  capita  of  the  total 
population  and  91  gallons  per  capita  of  the  population  actually  sup- 
plied. The  water  is  in  general  use  and  is  of  good  quality,  both  for 
domestic  and  manufacturing  uses.  A  good  deal  of  water  is  used  by 
the  railroads  that  pass  through  the  town. 

Paulding, — A  public  water-supply  system  has  just  been  installed 
at  Paulding  (population,  2,080)  at  a  cost  of  $38,000.  The  supply  is 
taken  from  three  8-inch  wells  from  320  to  616  feet  deep.  The  water 
is  obtained  from  the  limestone  found  just  below  the  drift.  The  wells 
are  located  in  the  northern  part  of  the  village,  at  a  point  free  from 
local  pollution,  and  the  rock  is  well  protected  by  about  25  feet  of  clay. 
The  water  is  pumped  from  the  wells  to  a  reservoir  by  two  horizontal 
compound  duplex  McGowan  pumps  of  750,000  gallons  capacity  each. 

Four  miles  of  mains  have  been  laid,  to  which  70  per  cent  of  the 
population  have  access.  There  are  95  services  connected,  all  of  which 
are  in  use,  and  none  is  metered.  The  average  dailj^  consumption  is 
80,000  gallons,  or  38  gallons  per  capita  of  the  total  population,  or  55 
gallons  per  consumer. 

PerrysviUe.—A  public  water-supply  system  was  installed  in  1894 
by  Perrysville  (population,  513),  and  has  cost  to  date  $8,000.  The 
supply  is  derived  from  one  6-inch  well  93  feet  deep,  53  feet  of  which 
is  sandstone  rock.  The  well  is  located  just  north  of  the  village,  far 
away  from  all  source  of  pollution.  The  wat^er  is  pumped  to  a  small 
reservoir  by  a  Sraith-Vaile  deep-well  pump  of  112,000  gallons  capacity. 
The  normal  level  of  the  water  is  25  feet  below  the  surface,  and  the 
well  can  be  pumped  dry,  as  tlie  water  cylinder  is  75  feet  down. 

The  reservoir,  which  is  of  54,000  gallons  capacity,  consists  of  a  brick 
cistern  covered  with  a  shingle  roof,  and  is  located  on  a  hill  back  of 
the  pumping  station  at  such  height  as  to  give  a  pressure  of  75  pounds 
in  the  village. 

There  are  3  miles  of  mains  in  use,  supplying  75  per  cent  of  the 
people  with  water.  There  are  60  services  connected,  45  of  which  are 
in  use,  and  25  are  metered.  The  average  dail}'  consumption  is  12,600 
gallons,  which  is  25  gallons  per  capita  of  the  village  and  35  per  con- 
sumer. The  water  is  in  very  general  use  in  the  village,  to  the 
exclusion  of  private  wells.  The  absence  of  baths  and  water-closets 
keeps  the  consumption  very  low. 

Rockford. — The  public  water-supply  system  of  Rockford  (popula- 
tion, 1,207)  was  put  in  by  the  village  in  1897,  and  has  cost  to  date 
about  817,000,  which  is  a  i>er  capita  cost  of  S14.0S. 

A  private  company  owns  and  operates  an  (*lectric-light  plant  in  the 
waterworks  pumping  station  and  obtains  its  power  from  the  water- 
works boilers.  This  arrangement,  it  is  said,  pays  the  waterworks 
enough  annually  to  cover  the  cost  of  pumping  the  entire  supply  for  the 
village. 
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The  supply  is  obtained  from  two  6-inch  wells,  drilled  109  and  111 
feet,  respectively,  into  an  extensive  bed  of  gravel.  The  normal  level 
of  the  water  is  from  11  to  16  feet  from  the  surface,  and  it  is  lowered 
but  little  in  one  and  some  50  feet  in  the  other  by  ordinary  pumping. 

These  wells  are  pumped  by  two  Laidlaw-Dunn-Gordon  deep-well 
pumps  of  150,000  gallons  capacity  each,  which  discharge  into  a  receiv- 
ing well,  from  which  the  water  is  pumped  to  a  standpipe  by  a  hori- 
zontal compound  duplex  Laidlaw-Dunn-Gordon  pump  of  500,000 
gallons  capacity. 

The  receiving  well  is  24  feet  in  diameter  and  14  feet  deep  and  has 
a  capacity  of  50,000  gallons.  It  is  constructed  of  brick  and  covered 
with  a  tin  roof.  The  standpipe  is  107  feet  high  and  12  feet  in  diam- 
eter, has  a  capacity  of  94,000  gallons,  and  furnishes  an  average  pres- 
sure on  the  mains  of  40  pounds. 

There  are  3^  miles  of  mains  laid,  which  give  about  90  per  cent  of 
the  people  access  to  the  water.  There  are  52  services  connected,  all 
of  which  are  in  use,  and  10  are  metered.  The  average  daily  consump- 
tion is  about  23,000  gallons,  which  is  442  per  service,  38  per  consumer, 
and  19  per  capita  of  the  village's  population. 

The  wells  are  located  in  the  northwestern  part  of  the  village,  far 
away  from  any  source  of  serious  pollution,  and  the  water  seems  to  be 
of  good  quality. 

Thei^  are  a  number  of  private  wells  still  in  use.  These  are  usually 
dug  about  35  feet  deep,  going  through  clay  and  hardpan  into  the 
gravel  below. 

St.  Marys. — ^In  1895  a  public  water-supply  system  was  put  in  b}'^  St. 
Marys  (population,  5,359),  and  had  cost  to  December,  1898,  about 
$57,500.  The  supply  is  derived  from  four  8-inch  drilled  wells,  which 
range  from  262  to  272  feet  in  depth.  The  wells  strike  the  limestone 
at  125  feet,  and  from  this  stratum  obtain  a  very  hard  water,  which 
contains  some  sulphur  and  iron. 

The  wells  flow  to  a  covered  receiving  well,  38  feet  in  diameter  and 
28  feet  deep,  that  holds  237,000  gallons.  From  this  well  the  water  is 
pumped  directly  m  the  mains  by  two  horizontal  compound  duplex 
Smith- Vaile  pumps,  each  of  750,000  gallons  capacity. 

There  are  12^  miles  of  mains  laid,  which  give  75  per  cent  of  the  pop- 
ulation access  to  the  water.  There  are  280  services  connected,  of 
which  275  are  in  use,  and  7  of  these  are  metered.  The  average  daily 
consumption  is  about  100,000  gallons,  or  28  gallons  per  capita  of  the 
population  of  the  village  and  60  gallons  per  consumer. 

Scio. — The  water-supply  system  at  Scio  (population,  1,214)  was  put 
in  by  a  private  company,  the  Scio  Water  Supply  Company,  in  1899, 
and  has  cost  to  date  about  $35,000.  The  plant  was  originally  designed 
to  protect  the  village  against  the  great  danger  from  fire  on  account  of 
the  oil  industry.  The  water  is  obtained  from  five  8-inch  wells  105 
feet  deep.  Four  of  the  wells  go  through  quicksand  into  sandstone 
rock,  and  one  goes  through  rock  into  a  broken  stratum  of  rock  and 
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clay.  The  normal  level  of  the  water  is  2  feet  below  the  surface,  and 
it  is  lowered  but  little  by  pumping.  The  wells  are  located  in  the  val- 
ley of  Conotton  Creek,  just  below  the  village,  and  would  be  badly  pol- 
luted by  drainage  if  they  were  not  carefully  cased  in.  The  water  is 
pumped  directly  from  the  wells  to  two  elevated  tanks  by  a  Smith- Vaile 
triplex  double-action  pump  of  1,000,000  gallons  capacity.  The  tanks 
are  constructed  of  steel,  each  18  feet  in  diameter  and  25  feet  high, 
and  have  a  combined  capacity  of  95,000  gallons.  They  are  placed  on 
a  hill  back  of  the  pumping  station  and  at  such  height  as  to  give  an 
average  pressure  of  100  pounds. 

There  are  4  miles  of  mains,  which  give  95  per  cent  of  the  people 
access  to  the  water.  There  are  120  services  connected,  and  110  are  in 
use,  of  which  1  is  metered.  The  average  daily  consumption  is  31,500 
gallons,  which  is  17  gallons  per  capita  of  the  village  and  150  gallons 
per  consumer. 

Shreve, — The  public  water-suply  system  of  Shreve  (population,  1,043) 
was  put  in  by  the  village  in  1893,  and  has  cost  to  date  $11,000.  ITie 
water  is  obtained  from  an  8-inch  well  142  feet  deep,  located  in  the  upper 
part  of  the  village.  The  rock  is  very  near  the  surface  at  this  point, 
and  the  well  required  but  little  casing.  The  water  is  pumped  by  a 
Laidlaw-Dunn-Gordon  deep-well  pump,  of  100,000  gallons  ci^pacity, 
to  a  small  brick  cistern,  from  which  it  is  pumped  to  a  reservoir  by  a 
horizontal  duplex  Miller  pump  of  150,000  gallons  capacity.  The  cis- 
tern holds  3,300  gallons  and  the  reservoir  88,200  gallons.  The  reser- 
voir, which  is  constructed  of  brick  and  is  covered  oyer,  is  30  feet  in 
diameter  and  IG  feet  deep.  It  is  located  on  a  hill  north  of  the  village, 
at  such  height  as  to  give  a  pressure  of  80  pounds.  It  is  cleaned  every 
year,  and  no  trouble  has  been  given  by  vegetable  growths. 

There  are  2i  miles  of  mains  laid,  which  supply  95  per  cent  of  the 
people  with  water.  There  are  122  services  connected,  all  of  which  are 
in  use,  and  all  are  metered.  The  average  daily  consumption  is  about 
54,000  gallons,  which  is  51  gallons  per  capita  of  the  total  population 
and  lOG  gallons  for  each  consumer.  The  water  is  of  good  quality  and 
is  used  for  domestic  purposes  by  everyone  having  access  to  it. 

Sidney. — Waterworks  were  first  established  by  Sidney  (population, 
5,688)  in  1874.  The  old  plant  cost  $50,000  and  the  new  one,  put  in  in 
1889,  has  cost  to  date  $107,500.  The  first  source  of  supply  was  Mos- 
quito Creek.  This  was  abandoned  in  1889,  and  water  was  then  taken 
from  Miami  River.  The  water  was  filtered  through  two  American 
pressure  filters  of  225,000  gallons  capacity  each,  and  later  a  New  York 
horizontal  pressure  filter  of  500,000  gallons  capacity  was  put  in.  In 
1805  wells  were  drilled  and  water  enough  to  supply  the  town  was 
found.  Now  these  form  the  sole  source  of  supply,  and  the  creek  water 
is  not  used  at  all,  though  the  intake  is  intact  and  the  water  could  be 
drawn  on  in  case  of  emergency.  The  filters  were  also  put  out  of  use 
as  soon  as  the  well  supply  was  developed.     The  present  supply  is 
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derived  from  six  wells,  120  feet  deep  and  8  inches  in  diameter,  located 
near  the  pamplng  station.  The  wells  are  all  artesian;  they  flow  at  the 
rate  of  1 ,000,000  gallons  in  twenty- four  hoars  during  favorable  seasons, 
and  are  lowered  only  10  feet  by  the  pumps.  They  go  through  a  bed  of 
gravel  20  feet  thick  and  then  strike  the  Niagara  limestone,  in  which  they 
find  water  which  is  of  excellent  quality  except  for  its  hardness.  The 
water  is  pumped  directly  from  the  wells  to  a  standpipe  situated  on  a 
hill  back  of  town.  The  two  pumps  in  use,  put  in  in  1889,  are  vertical 
compound  duplex  Gordon  pumps  of  1,500,000  gallons  capacity.  The 
standpipe  is  25  feet  in  diameter,  86  feet  high,  and  has  a  capacity  of 
3(X),000  gallons.     It  gives  a  pressure  of  70  pounds  at  the  station. 

There  are  13  miles  of  mains  laid,  giving  about  90  per  cent  of  the 
population  access  to  the  water.  There  are  700  services  connected,  of 
which  685  are  in  use,  and  60  of  these  are  metered.  The  average  daily 
consumption  is  639,000  gallons  and  the  average  per  consumer  is  183 
gallons,  or  112  per  capita. 

Sycaviore, — The  public  water-supply  system  of  Sycamore  (popula- 
tion, 853)  was  put  in  by  the  village  in  1898-99,  and  has  cost  to  date, 
together  with  the  electric-light  plant,  $25,000. 

The  supply  is  obtained  from  two  6-inch  wells,  one  204  and  one  198 
feet  deep,  located  at  the  eastern  edge  of  the  village.  The  wells  go 
through  100  feet  of  drift  and  then  strike  the  limestone  bed  rock,  in 
which  the  water  is  found.  The  normal  level  of  the  water  is  about  23 
feet  below  the  surface  of  the  ground,  and  it  is  lowered  but  little  by 
the  severest  pumping. 

At  first  the  whole  supply  was  obtained  from  these  wells  by  a  Snider- 
Hughes  air  lift,  but  in  June,  1900,  a  Hill  deep-well  pump  of  75,000 
gallons  capacity  was  installed  in  one  well  for  fear  of  the  failure  of 
the  air  lift.  Both  the  air  lift  and  the  deep-well  pump  discharge  to  a 
covered  brick  cistern  of  40,000  gallons  capacity,  from  which  the 
water  is  pumped  to  an  elevated  tank  by  a  horizontal  compound 
duplex  Snider-IIughes  pump  of  500,000  gallons  capacity.  The  water 
tower  consists  of  a  40,000-gallon  steel  tank  on  a  steel  tower  80  feet 
high,  giving  a  total  height  of  100  feet. 

About  7  miles  of  mains  have  been  laid,  giving  about  80  per  cent  of 
the  people  access  to  the  water.  There  are  250  services  connected,  of 
which  140  are  in  use,  and  one  of  these  is  metered  for  the  supply  of  a 
local  railroad.  The  average  daily  consumption  is  90,000  gallons, 
which  is  105  gallons  per  capita,  or  132  gallons  per  consumer. 

Van  Wert. — The  public  water-supply  system  of  Van  Wert  (popu- 
lation, 6,422)  was  put  in  by  the  village  in  1891,  and  has  cost  to  date 
$130,000.  The  supply  is  from  nine  6-inch  wells  200  feet  deep,  which 
strike  the  limestone  in  which  the  water  is  found  at  40  feet.  The 
water  rises  to  within  from  12  to  18  feet  of  the  surface  and  is  pumped 
down  about  40  feet,  the  pumps  being  set  20  feet  below  the  surface. 

The  water  is  pumped  directly  from  the  wells  to  the  mains  by  two 
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horizontal  compound  duplex  Holly  pumps  of  1,500,000  gallons  capac- 
ity each.  An  open  reservoir,  165  feet  square  and  18  feet  deep,  hold- 
ing 3,000,000  gallons,  is  used  to  store  water  for  an  emergency.  It  is 
kept  full  all  the  time  and  is  drawn  on  by  the  pumps  only  in  case  of 
fire,  when  the  wells  would  be  exhausted  by  so  sudden  an  increase  in 
consumption. 

There  are  19  miles  of  mains  in  use,  which  give  about  75  per  cent 
of  the  population  access  to  the  water.  There  are  1,035  services  con- 
nected, of  which  650  are  in  use,  and  205  of  these  are  metered.  The 
average  daily  consumption  is  300,000  gallons,  or  47  gallons  per  capita 
of  the  total  population,  or  62  gallons  per  consumer. 

Wauseon, — The  public  water-supply  system  of  Wauseon  (popula- 
tion, 2,148)  was  installed  by  the  village  in  1897,  was  first  operated  in 
April,  1898,  and  had  cost  to  January,  1899,  $25,000.  The  supply  is  from 
one  of  two  8-inch  wells  185  feet  deep,  which  are  sunk  through  shale  and 
fine  gravel  into  coarse  gravel,  in  which  the  water  is  found.  The  water 
comes  to  within  30  feet  of  the  surface,  and  is  pumped  to  a  receiving 
well  by  a  400,000-gallon  Downey  deep- well  pump,  so  set  up  as  to  be 
able  to  lower  the  water  to  75  feet  from  the  surface  if  necessary.  During 
ordinary  pumping  the  well  not  in  use,  which  is  150  feet  away,  is  low- 
ered 6  feet.  The  receiving  well,  which  is  covered  with  a  tin  roof,  is 
19  feet  deep,  30  feet  in  diameter,  and  has  a  capacity  of  100,000  gal- 
lons. The  water  is  pumped  from  this  basin  to  a  standpipe  by  a  hori- 
zontal compound  duplex  Smith- Vaile  pump  of  750,000  gallons  cax>ac- 
ity.  The  standpipe  is  12  feet  in  diameter,  120  feet  high,  and  has  a 
capacity  of  100,000  gallons. 

There  are  7i  miles  of  mains  laid,  giving  90  per  cent  of  the  popula- 
tion access  to  the  water.  There  are  301  services  in  use,  of  which  275 
are  metered.  The  average  daily  consumption  is  45,000  gallons,  or  20 
gallons  per  capita  of  the  total  populatioii,  or  60  gallons  per  consumer. 

West  Alexandria, — The  public  water-supply  system  of  West  Alex- 
andria (population,  740)  was  installed  in  1897,  and  has  cost  to  date 
$25,643.65.  The  supply  is  obtained  from  four  artesian  wells  located 
in  the  southwestern  part  of  the  village.  The  wells  are  6  inches  in 
diameter;  two  of  them  are  132  feet  deep,  one  is  95  feet  deep,  and  one 
is  65  feet  deep,  and  all  go  through  alternate  layers  of  clay,  gravel, 
and  hardpan.  It  is  claimed  that  the  wells  will  flow  with  a  head  of 
16  feet  above  the  surface. 

Only  the  natural  flow  of  the  wells  is  utilized,  the  water  being  con- 
ducted to  a  receiving  basin,  from  which  it  is  pumped  to  the  standpipe 
by  two  horizontal  duplex  Sraith-Vaile  pumps  of  1,000,000  gallons 
capacity  each.  The  basin  consists  of  a  covered  brick  well,  20  feet  in 
diameter,  24  feet  deep,  having  a  capacity  of  7,500  gallons.  The  stand- 
pipe  consists  of  a  steel  tank  40  feet  high  and  10  feet  in  diamet^er, 
holding  60,000  gallons,  placed  on  a  brick  tower  60  feet  high.  The 
average  pressure  on  the  mains  is  40  pounds. 
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There  are  3  miles  of  mains  in,  to  which  all  of  the  people  have  access. 
There  are  131  services  in,  all  of  which  are  in  use,  and  all  are  metered. 
The  average  daily  eonsamption  is  estimated  to  be  26,767  gallons,  or 
36  gallons  per  consumer,  and  36  gallons  per  capita  of  the  village's 
X>opulation. 

SUBSURFACE   AND  DEEP-SEATED. 

HicksviHe. — The  public  water-supply  system  of  Hicksville  (popula- 
tion, 2,520)  was  put  in  by  the  village  in  1890,  and  has  cost  to  date 
about  $25,000.  The  supply  is  obtained  from  seven  wells,  four  of 
which  are  32  feet  deep  and  6  inches  in  diameter,  two  are  132  feet 
deep  and  6  inches  in  diameter,  and  one  is  132  feet  deep  and  3  inches 
in  diameter. 

The  wells  go  through  a  mixture  of  clay  and  sand,  the  deeper  ones 
reaching  a  layer  of  sand  and  gravel  found  just  above  the  Ohio  black 
shale,  130  feet  down.  All  the  wells  flow  with  a  head  of  4  feet  when 
not  pumped,  but  do  not  supply  enough  water  in  dry  season  without 
pumping.  The  water  from  six  of  the  wells  is  pumped  directly  to  the 
mains  by  two  horizontal  duplex  Hughes  pumps  of  750,000  gallons 
capacity  each.  The  flow  of  the  seventh  well  goes  to  a  small  reservoir, 
100  feet  square,  holding  387,000  gallons,  which  is  kept  on  hand  as  a 
reserve  in  case  of  fire. 

There  are  4.5  miles  of  mains  in  use,  which  give  about  75  per  cent  of 
the  i)opulation  access  to  the  water.  Thei'e  are  290  services  connected, 
of  which  260  are  in  use,  and  none  is  metered.  The  average  daily  con- 
sumption is  90,000  gallons,  or  36  gallons  per  capita  of  the  total  popu- 
lation and  47  gallons  for  each  consumer. 

Wapakoneta, — ^A  public  water-supply  system  was  put  in  by  Wapa- 
koneta  (population,  3,915)  in  November,  1895,  and  had  cost  to  April 
1, 1903,  $63,109.76.  The  supply  is  from  nine  6-inch  drilled  wells,  eight 
35  feet  deep  and  one  142  feet  deep,  and  from  a  large  dug  well  30  feet 
deep  and  20  feet  in  diameter.  Only  one  of  the  shallow  wells  is  pumped. 
The  water  collected  by  the  other  shallow  wells  now  flows  through  tile 
directly  to  the  large  well,  which  acts  as  a  collecting  well  and  also  as  a 
pumping  well.  The  shallow  wells  obtain  their  water  from  a  bed  of 
gravel  found  at  the  level  of  Auglaize  River.  The  deep  well  goes 
through  clay  and  gravel  into  limestone,  which  is  found  at  a  depth  of 
135  feet.  The  water  is  pumped  directly  to  the  mains  in  summer  and  to 
a  standpipe  in  winter  by  two  horizontal  compound  duplex  McGowan 
pumps  of  1,000,000  gallons  capacity  each.  The  standpipe  is  125  feet 
high  and  25  feet  in  diameter,  and  has  a  capacity  of  459,000  gallons. 

There  are  12.75  miles  of  mains  in,  giving  about  90  per  cent  of  the 
population  access  to  the  water.  There  are  475  services  connected,  of 
which  469  are  in  use,  and  only  15  are  metered.  The  average  daily  con- 
sumption is  198,000  gallons,  which  is  51  gallons  per  capita  uf  the  total 
population,  or  56  gallons  per  consumer. 
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SURFACE  AND   GROUND. 
SURFACE  AND  SUBSURFACE. 

BlancJiester. — The  public  water-supply^  system  of  Blanchester  (pop- 
ulation 1,788)  was  put  in  by  the  village  in  1896,  and  has  cost  to  dat« 
$34,000.  An  electric-light  plant  costing  $10,000  is  in  the  same  build- 
ing. The  supply  was  to  be  obtained  from  three  wells  6  feet  in  diameter 
and  50  feet  deep,  but  they  soon  failed,  and  the  village  was  without 
water,  as  there  were  no  funds  available  for  a  new  supply.  In  1899  a 
private  company  was  formed  among  the  citizens  of  the  village  for  the 
purpose  of  securing  a  supply  of  water  for  fire  protection  at  least.  A 
franchise  was  obtained  from  the  village,  under  which  the  company 
was  to  supply  the  water,  the  village  to  provide  pumps  and  pay  the 
cost  of  pumping,  and  the  company  to  have  the  privilege  of  collecting 
the  private  water  rents. 

As  ground  water  was  not  available  and  there  were  no  streams  nearby 
of  sufl&cient  size  to  afford  a  supply,  a  reservoir  was  excavated  in  the 
valley  of  a  small  run  having  a  drainage  area  of  1,400  acres,  and  a 
surface  supply  was  thus  impounded.  The  reservoir  has  an  area  of 
about  3  acres  and  an  average  depth  of  6  feet,  giving  a  capacity,  when 
full,  of  about  5,000,000  gallons.  The  sides  and  bottom  of  the  reservoir 
are  not  paved  or  protected  in  any  way,  and  the  water  is  very  muddy 
for  a  long  period  after  each  rain.  In  the  spring  of  1900  a  heavy  rain 
caused  a  flood,  too  large  for  the  wast-eway,  and  the  reservoir  banks 
were  overflowed  and  a  portion  was  broken  out.  The  wasteway  is  10 
feet  long  and  can  carry  a  flow  5  feet  deep  before  the  reservoir  banks 
will  overflow.  This  would  require  a  rainfall  of  i  inch  per  hour  over 
the  entire  watershed  of  such  duration  as  would  allow  the  water  from 
the  most  remote  section  to  reach  the  river;  it  would  also  have  to  fall 
on  a  soil  that  would  be  impervious  from  continual  rain  or  freezing. 
The  reservoir,  with  connections,  cost  $6,000. 

The  water  from  the  reservoir  flows  by  gravity  through  an  8-inch  pipe 
to  the  old  wells,  in  which  the  suction  of  the  pumps  is  placed.  The 
water  in  the  wells  will  rise  to  within  7  feet  of  the  surface  when  pump- 
ing is  suspended  for  some  time,  and  the  reservoir  line  will  not  flow 
until  the  wells  have  been  lowered  to  12  feet,  so  that  a  small  amount 
of  well  water  is  supplied,  but  it  is  a  very  small  proportion  of  the  total 
consumption  and  can  hardly  be  considered. 

The  wat«r  is  pumped  directly  from  the  suction  wells  to  an  elevated 
tank  by  two  horizontal  compound  duplex  McGowan  pumps  of  750,000 
gallons  capacity  each.  The  pressure  is  50  pounds  at  the  station  and 
averages  45  pounds  on  the  mains. 

There  are  11  miles  of  mains  laid,  to  which  90  per  cent  of  the  people 
have  access.  There  are  150  services  connected,  140  of  which  are  in  use, 
and  12  are  met-ered.     The  average  daily  consumption  is  about  15,000 
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gallons,  which  is  333^  gallons  per  service,  35  gallonn  per  consumer, 
and  28  gallons  per  capita  of  the  village. 

The  water  is  not  used  for  domestic  purposes  at  all,  and  is  not  fit  for 
such  use  without  filtration. 

Lima. — Thepublic  water-supply  system  of  Lima  (population,  21,723) 
was  put  in  by  the  city  in  1885-1887,  at  a  cost  of  $387,000.  Many  exten- 
sions and  additions  have  been  made  since  that  time,  and  the  cost  to 
date  is  much  more  than  the  sum  stated.  The  original  supply  was 
from  an  impounding  reservoir  on  Lost  Creek,  a  small  stream  that 
enters  the  Ottawa  River  just  east  of  Lima.  A  timber  dam,  10  feet 
high  and  30  feet  long,  was  built  across  the  creek,  forming  a  reservoir 
G  acres  in  area  and  having  a  capacity  of  about  10,000,000  gallons. 
This  reservoir  is  dirty,  overgrown  with  weeds,  verj^  shallow  in  many 
places,  and  is  dry  all  summer  except  for  a  few  stagnant  pools. 

The  winter  and  spring  rains  fill  the  reservoir  and  the  water  is  run 
to  a  receiving  well,  from  which  it  flows  by  gravity  to  two  storage  reser- 
voirs, situated  side  by  side,  and  having  a  combined  area  of  21  acres, 
a  depth  of  17  feet,  and  a  capacity  of  120,000,000  gallons.  The  sides  and 
bottom  of  these  basins  are  of  natural  clay,  but  no  trouble  has  been  expe- 
rienced from  vegetable  growths,  except  during  one  year,  though  they 
have  been  cleaned  but  once.  Formerly  these  reservoirs  had  to  l>e 
filled  during  freshets  or  hard  rains,  and  the  water  was  then  supplied 
to  the  city  until  another  rain  came.  If  the  water  was  low,  the  first 
part  of  the  rain  had  to  be  caught  and  used,  and  the  first  washings  of 
the  small  drainage  area  were  especially  foul,  as  they  brought  in  the 
waste  from  a  number  of  oil  wells  within  the  area.  There  was  soon 
considerable  complaint  about  the  water,  and  in  1894  eight  wells  were 
put  down  at  the  head  of  the  impounding  reservoir  in  an  endeavor  to 
find  ground  water  enough  to  supply  the  city. 

The  wells  are  all  8  inches  in  diameter  and  are  from  150  to  200  feet 
deep.  They  are  pumped  to  the  receiving  well  by  a  l,000,0(X)-gallon 
pump  operated  by  an  electric  motor  furnished  with  power  from  the 
central  station.  The  water  in  the  wells  is  lowered  below  the  suc- 
tion limit  in  a  short  time  by  pumping,  as  they  are  placed  too  close 
together. 

In  1897  a  10-inch  well  was  put  down  north  of  this  group  and  an 
abandoned  oil  well  also  was  appropriated.  These  are  pumped  to  the 
receiving  well  by  machinery  similar  to  that  used  on  the  first  gi'oup. 
It  is  estimated  that  all  the  wells  supply  1,250,000  gallons  a  day,  which 
allows  better  water  to  be  obtained  from  the  surface  source. 

The  water  is  pumped  from  the  storage  reservoir  directl}'  to  the 
mains  by  two  horizontal  compound  duplex  IIoUj'^  pumps  of  3,000,000 
gallons  capacity  each.  There  are  45  miles  of  mains  laid,  giving 
about  80  per  cent  of  the  i)opulation  access  to  the  water.  There  are 
3,705  connections  in  use,  of  which  300  are  metered.     The  average 
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daily  consumption  is  1,624,805  gallons,  which  is  61  gallons  i)er  capita 
of  the  total  population,  or  120  gallons  for  each  consumer. 

Since  the  above  information  was  obtained  Lima  has  had  more 
trouble  from  shortage  of  water  and  further  additions  will  probably 
be  made  to  the  ground  supply. 

Newark. — The  public  water-supply  system  of  Newark  (population, 
18,157)  was  put  in  by  a  private  company,  the  Newark  Water  Com- 
pany, in  1886,  and  has  cost  to  date  about.$250,000.  The  water  was 
first  obtained  from  two  brick-lined  wells,  21  feet  deep  and  20  feet 
in  diameter,  dug  in  a  gravel  bed  about  a  mile  north  of  the  city,  near 
the  north  branch  of  Licking  Creek.  Later  these  welLs  were  supple- 
mented by  twenty-four  4-inch  Cooke  driven  wells  located  at  the  same 
place.  The  supply  still  being  short,  a  small  brush-and-stone  dam 
was  put  in  the  creek  and  the  water  was  thus  diverted  to  one  of  the 
large  wells,  which  serves  as  a  pump  well.  All  the  wells  are  in  sand 
and  gravel,  the  deeper  ones  just  reaching  a  layer  of  hardpan  below 
this  bed.  The  normal  level  of  the  water  is  about  10  feet  below  the 
surface  and  it  is  lowered  4  or  5  feet  by  pumping. 

The  pumps  are  attached  directly  to  the  Cooke  wells  and  to  one  of 
the  large  wells,  the  other  flowing  to  this  one  through  a  siphon.  .The 
water  is  pumped  to  an  open  reservoir  by  two  horizontal  compound 
duplex  Gordon-Maxwell  pumps  of  2,500,000  gallons  capacity  each. 
The  reservoir  is  about  250  by  60  feet,  and  12  feet  deep,  with  an  avail- 
able capacity  of  850,000  gallons.  It  is  located  on  a  hill  across  the 
creek  from  the  pumping  station,  at  such  a  height  as  to  give  a  pres- 
sure of  114  pounds.  It  is  excavated  in  the  top  of  the  hill,  and  the 
sides  are  formed  of  earthen  embankments,  puddled  and  roughly 
paved.     No  trouble  has  been  experienced  from  vegetable  growths. 

There  are  27  miles  of  mains  laid,  to  which  80  per  cent  of  the  i)eople 
have  access.  There  are  1,900  services  connected,  of  which  1,600  are 
in  use,  and  450  are  metered.  The  average  daily  consumption  is 
1,545,000  gallons,  which  is  85  gallons  per  capita  of  the  city  and  105 
gallons  for  each  consumer.  The  water  is  not  in  general  use  in  the  city, 
but  its  quality  is  good,  much  better  than  that  of  private  well  water. 
The  surface  water  is  used  only  when  the  water  of  the  creek  is  clear, 
and  in  this  way  is  not  very  objectionable,  though  the  run-off  is  derived 
from  a  thickly  settled  farming  district  and  is  rather  impure.  The 
large  average  daily  consumption  per  consumer  is  due  to  the  use  of 
the  water  by  one  of  the  railroads. 

Springfield, — Waterworks  were  put  in  by  Springfield  (population, 
38,253)  in  1881,  and  have  cost  to  date  $666,402.  The  first  supply  was 
from  a  filter  gallery.  This  soon  failed,  and  two  years  later  a  reservoir 
was  built  just  above  the  junction  of  Beaver  and  Buck  creeks,  at  the 
site  of  the  present  pumping  station.  This  reservoir  is  350  feet  long, 
200  feet  wide,  and  18  feet  deep,  giving  a  capacity  of  about  8,000,000 
gallons.     The  bottom  and  sides  are  only  graveled  and  are  badly 
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covered  with  weeds  and  moss.  The  reservoir  is  filled  by  the  seeping 
in  of  ground  water.  In  order  to  raise  the  level  of  the  ground  water 
and  keep  the  reservoir  full,  a  dam  was  built  about  300  feet  below  the 
jnnction  of  the  creeks.  This  dam  is  50  feet  long  and  4  feet  hi^,  and 
backs  the  water  up  past  the  reservoir.  This  reservoir  and  the  old 
gallery  supplied  the  city  until  1894-95,  when  the  new  station  and  gal- 
lery were  put  in  and  the  old  station  was  abandoned.  The  new  gal- 
lery is  200  feet  long,  32  inches  wide,  and  48  inches  high,  and  lies  20 
feet  below  the  surface,  in  an  extensive  gravel  bed,  which  is  situated 
under  and  between  the  two  creeks  at  their  junction.  The  gallery 
leads  to  a  covered  pump  well  30  feet  in  diameter  and  21  feet  deep. 
This  gallery  supplies  an  excellent  water  and,  so  far,  plenty  of  it.  The 
reservoir  is  connected  to  the  pump  well  by  a  36-inch  main,  to  be  used 
in  cases  of  emergency  only. 

The  old  station  contains  a  2,500,000-gallon  Cope  and  Maxwell  pump 
that  can  be  used  to  pump  the  water  from  the  old  gallery  to  the  new 
pump  well  in  case  of  failure  of  the  new  supply  due  to  continued 
drought.  The  new  station  contains  a  horizontal  compound  duplex 
Holly  pump  of  5,000,000  gallons  capacity  and  a  vertical  triple-expan- 
sion Allis  pump  of  7,000,000  gallons  capacity.  The  Holly  pump  was 
brought  from  the  old  station,  but  has  been  remodeled,  and  is  in  good 
condition  now.  The  Allis  pump  is  a  new  one,  put  in  in  1895.  The 
water  is  pumped  to  a  standpipe  30  feet  in  diameter  and  112  feet  high, 
having  a  capacity  of  592,000  gallons. 

On  account  of  the  extremely  dry  weather  of  1899  it  was  necessary 
to  use  water  from  the  wells  and  galleries  of  the  old  station,  the  former 
source  of  the  total  supply.  The  water  from  this  source  was  pumped 
by  the  engine  left  at  the  old  station  to  the  reservoir  near  the  new  sta- 
tion and  allowed  to  flow  from  there  to  the  pump  well.  Even  this 
increase  in  the  supply  was  not  sufficient  for  all  purposes,  and  Spring- 
field was  left  without  adequate  protection  from  fire. 

To  overcome  this  danger  the  trustees,  in  the  early  part  of  the  sum- 
mer of  1900,  tapped  the  old  20-inch  main  leading  from  the  old  station 
to  the  reservoir  at  Buck  Creek  and  put  in  a  12-inch  pipe,  so  that  the 
creek  water  can  flow  directly  to  the  reservoir.  The  intention  was  to 
keep  the  reservoir  full  in  this  way  and  to  allow  the  water  to  seep 
through  into  the  gallery  and  pump  well  and  only  use  the  water 
directly  in  case  of  fire.  This  reservoir  is  250  by  500  by  15  feet  deep, 
and  as  it  is  excavated  in  a  rather  porous  gravel  bed,  normally  its 
water  level  is  equal  to  and  varies  with  the  height  of  the  ground  water. 

It  was  thus  the  intention  to  reenforce  the  ground  water  with  seepage 
from  this  reservoir  supplied  from  the  creek,  and  such  use  would  not 
be  objectionable;  but  as  the  reservoir  puddled  very  soon  with  turbid 
creek  water,  this  seepage  was  slow,  and  it  was  necessary  on  a  few  occa- 
sions to  run  the  creek  water  directly  to  the  pump  well  bj'^  way  of 
the  reservoir  and  a  36-inch  pipe  from  the  reservoir  to  the  pump  well. 
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There  are  local  as  well  as  sanitary  difficulties  regarding  the  use  of 
Buck  Creek  water,  in  the  nature  of  suits  for  diverting  the  water  from 
the  mills  below,  etc. 

There  are  now  66  miles  of  mains  in  use,  giving  some  90  per  cent  of 
the  people  access  to  the  water.  There  are  5,000  services  in,  of  which 
5,000  are  in  use,  and  280  of  these  are  metered.  The  average  daily  con- 
sumption is  3,250,000  gallons,  which  is  194  per  consumer,  and  85  per 
capita  of  the  total  population. 

Wooster. — A  public  water-supply  system  was  installed  in  1875  by 
Wooster  (population,  6,063),  and  has  cost  to  date  about  $280,000.  The 
first  water  was  supplied  by  gravity  from  the  Redick  reservoir,  which 
is  formed  by  a  dam  across  Christmas  Run,  just  north  of  Wooster. 
The  run  above  the  dam  has  a  drainage  area  of  8  square  miles,  on 
which  are  located  a  number  of  farm  houses  and  the  County  Children's 
Home,  an  institution  with  64  inmates  and  officers,  part  of  whom  use 
closets  sewered  direct  to  the  run,  at  a  point  only  three-fourths  of  a 
mile  above  the  reservoir.  This  reservoir  will  hold  8,000,000  gallons, 
with  an  average  depth  of  18  feet.  Its  sides  are  roughly  paved,  but 
no  provision  is  made  to  prevent  soil  and  clay  from  washing  in  from 
its  slopes.  On  account  of  the  small  drainage  area,  it  is  necessary  to 
fill  the  reservoir  during  freshets,  when  the  water  is  at  its  worst  stage. 
A  few  springs  send  a  small  quantity  of  excellent  water  to  this  reservoir. 

Keed  was  soon  felt  for  a  better  and  more  abundant  supply  and 
also  greater  pressure,  for  the  reservoir  is  only  114  feet  above  the 
streets.  In  1881  a  well  47  feet  deep  and  33  feet  in  diamet-er  was  dug 
northeast  of  the  village  and  a  quantity  of  good  water  was  obtained; 
not  enough,  however,  to  allow  the  Redick  reservoir  to  be  abandoned; 
so  about  one-half  of  the  people  must  still  use  the  old  supply. 

The  water  from  the  well  is  pumped  by  a  750,000-gallon  horizontal 
duplex  Worthington  pump  directly  to  a  new  reservoir  located  on  high 
land  to  the  north.  When  not  being  pumped  the  well  contains  13  feet 
of  water,  which  is  pumped  out  in  about  five  hours,  and  then  the  well 
is  allowed  to  fill  again. 

The  reservoir  is  circular,  1  acre  in  area,  and  holds  4,000,000  gal- 
lons when  filled  to  a  depth  of  13  feet.  It«  sides  are  carefully  paved 
and  no  surface  drainage  can  enter  it.  It  is  160  feet  above  the  pump- 
ing station  and  248  feet  above  the  main  streets,  and  so  furnishes  ample 
pressure.  This  part  of  the  supply  would  be  without  objection  if  the 
ground  water  were  not  exposed  in  an  open  reservoir  where  growths  are 
developed  which  give  it  a  very  bad  odor  and  taste. 

Combined,  these  supplies  have  failed  during  dry  seasons,  and  it  has 
been  necessary  to  use  water  from  Apple  Creek.  A  horizontal  duplex 
Worthington  pump,  with  a  capacity  of  500,000  gallons  an  hour,  is  used 
to  pump  the  creek  water  directly  to  the  mains  in  the  dry  summer 
months. 

There  are  11.75  miles  of  mains  laid,  to  which  80  per  cent  of  the 
people  have  access.     There  are  487  services  connected,  of  which  390 
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are  in  use,  and  47  are  metered.  The  average  daily  consumption  is  about 
700,000  gallons,  half  of  which  is  supplied  from  each  reservoir.  The 
averse  daily  consumption  per  capita  of  the  total  population  is  115 
gallons,  and  the  per  capita  of  the  population  actually  supplied  is  142 
gallons.  Very  little  water  is  used  for  domestic  purposes,  most  of  the 
above  quantity  being  used  for  sprinkling,  water-closets,  and  indus- 
trial purposes. 

Xenia. — The  public  water-supply  system  of  Xenia  (population, 
8,696)  was  put  in  by  a  private  company  in  1887  and  has  cost  to  date, 
as  claimed,  $203,000.  The  company  now  operates  under  the  name  of 
The  Xenia  Water  Company. 

The  first  supply  was  obtained  by  impounding  the  run-off  of  a  number 
of  springs  located  1^  miles  north  of  the  city.  The  flow  from  these  is  col- 
lected in  an  open  reservoir,  formed  by  an  earthen  embankment,  with 
sheet-piling  core  wall,  thrown  across  a  small  valley  and  forming  a 
basin  1^  acres  in  area.  Through  the  center  of  the  reservoir  there  is  a 
dividing  wall  for  convenience  in  cleaning.  This,  as  well  as  the  inner 
side  of  the  dam,  is  roughly  paved.  Much  of  the  surface  drainage  to 
the  reservoir  is  diverted,  but  some  of  it  is  used.  Later,  near  this 
reservoir,  a  large  well,  75  feet  square,  was  dug  25  feet  deep  through  a 
bed  of  clay  and  hardpan  into  gravel.  The  water  from  this  is  pumped 
by  a  1,000,000-gallon  horizontal  duplex  Worthington  pump  to  a  large 
stone  pump  well,  40  ieet  in  diameter,  built  in  the  dividing  wall  of  the 
reservoir.  The  combined  water  of  the  well  and  reservoir  is  then 
pumped  through  the  mains  to  a  standpipe  by  two  horizontal  compound 
duplex  Gordon-Maxwell  pumps  of  1,500,000  gallons  capacity  each.  It 
is  estimated  that  the  springs  will  supply  300,000  gallons  daily  and  the 
well  100,000. 

In  1896  these  sources  were  supplemented  by  an  additional  ground 
supply  secured  from  six  6-inch  wells  and  three  8-inch,  located  south- 
west of  the  city,  just  out  of  the  corporation  limits.  These  wells  are 
from  28  to  40  feet  deep,  and  go  through  a  bed  of  clay  and  into  gravel. 
The  normal  level  of  the  water  is  6  to  8  feet  from  the  surface,  and  it  can 
easUy  be  lowered  to  the  suction  limit,  indicating  a  rather  weak  vein 
at  the  above  depths.  A  test  well  is  now  being  put  down  into  the  rock, 
which  is  found  at  60  feet,  in  the  hope  of  securing  a  more  abundant 
supply. 

The  water  from  this  last  set  of  wells  is  pumped  by  a  1,000,000- 
gallon  horizontal  compound  duplex  Deane  pump  directly  to  the  mains 
and  standpipe.  This  station  supplies  about  175,000  gallons  a  day  for 
a  few  days  each  week  in  summer  and  fall,  and  is  not  used  in  winter. 

The  standpipe  is  115  feet  high  by  20  feet  in  diameter,  with  a  capac- 
ity of  270,000  gallons,  and  furnishes,  when  full,  an  average  pressure 
on  the  mains  of  55  pounds. 

There  are  20  miles  of  mains  laid,  to  which  almost  all  of  the  people 
have  access.     There  are  1,200  services  in,  of  which  1,100  are  in  use, 
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and  50  of  these  are  metered.  The  average  daily  consumption  i^ 
500,000  gallons,  which  is  57.7  gallons  per  consumer,  or  57.5  gallons  per 
capita  of  the  total  population. 

SURFACE  AND  DEEP-SEATED. 

Canton. — The  public  water  supply  of  Canton  (population,  30,667) 
was  put  in  by  the  city  in  1869,  and  has  cost  to  date  about  $800,  0(h,^. 
The  first  supply  was  taken  from  the  west  branch  of  the  Nimishillen 
Creek,  which  was  the  sole  source  until  1888,  when  the  supply  was 
increased  and  improved  by  the  addition  of  water  from  a  number  of 
wells. 

The  water  from  the  creek  is  diverted  to  a  race  by  a  small  dam  35 
feet  long  and  1  foot  high,  located  1.3  miles  above  the  pumping  station. 
The  western  branch  has  above  the  dam  a  drainage  basin  48  s<iuare 
miles  in  area,  on  which  there  are  several  small  villages  and  one  pub- 
lic institution.  This  last,  the  Stark  County  Infirmary,  is  located  just 
above  Canton,  and  sends  its  sewage  to  a  gravel  swale,  from  which 
some  of  it  may  be  washed  into  the  creek  by  heavy  rains.  A  public 
ford  just  above  the  dam  is  also  the  source  of  some  objectionable  pol- 
lution. This  surface  water  is  one  of  the  few  in  Ohio  that  is  highly 
colored  at  times  from  organic  matter. 

In  1888  26  wells  were  put  down  in  the  park  adjoining  the  pumping 
station,  and  these  have  been  added  to  until  there  are  now  36  in  all. 
These  wells  vary  from  4  to  8  inches  in  diameter  and  from  225  to  3*J5 
feet  in  depth.  The  water  is  possibly  obtained  from  a  bed  of  sandstone, 
into  which  most  of  the  wells  go  after  passing  through  an  irregular 
stratum  of  limestone.  The  normal  level  of  the  water  is  near  the  sur- 
face, but  is  easily  lowered  from  25  to  30  feet  by  direct  pumping. 

The  wells  are  pumped  by  a  2,000,000-gallon  Gordon  pump  to  an 
open  well,  into  which  the  water  from  the  race  flows  by  gravity.  The 
mixed  waters  are  then  pumped  directly  to  the  mains  by  two  horizontal 
compound  duplex  Worthington  pumps  of  2,000,000  gallons  capacity 
each,  and  one  horizontal  compound  duplex  Holly  pump  of  8,000,000 
gallons  capacity. 

The  average  domestic  pressure  maintained  is  80  pounds.  There  are 
65  miles  of  mains  in  use,  giving  60  per  cent  of  the  people  access  to  the 
water.  There  are  5,200  services  connected,  of  which  4,700  are  in  use, 
and  198  of  these  are  metered.  The  average  daily  consumption  is 
4,000,000  gallons,  of  which  about  1,200,000  gallons  is  supplied  by  the 
wells  and  the  remainder  directly  from  the  creek.  A  number  of  new 
wells  are  now  being  put  in  and  the  amount  of  surface  water  used  will 
probably  soon  be  decreased.  The  average  daily  consumption  per 
capita  of  the  population  is  130  gallons  and  the  per  capita  of  those 
actually  supplied  217  gallons. 

Massillon. — This  city  (population,  11,944)  has  been  supplied  with 
water  from  various  sources  since  1854,  and  always  by  private  com- 
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panies.  In  1881  the  run-off  of  Sippo  Lake  and  Sippo  Creek  was  im- 
pounded and  the  city  was  supplied  entirely  with  this  water.  The 
quality  was  not  satisfactory,  and  in  1893  a  new  supply  for  domestic 
use  was  procured  from  six  drilled  wells.  The  old  surface  supply  is 
used  for  industrial  purposes  and  street  sprinkling.  It  is  furnished 
by  gravity  from  a  reservoir  having  a  capacity  of  about  30,000,000  gal- 
lons. 

The  wells  from  which  the  domestic  supply  is  procured  are  located 
in  the  river  valley,  in  the  upper  part  of  the  city.     They  are  6  inches 
lu  diameter  and  average  200  feet  in  depth,  going  through  clay  and 
gravel  into  sandstone.    Four  of  the  wells  flow  when  not  pumped,  and 
in  the  other  two  the  water  rises  very  near  the  surface;  average  pump- 
ing lowers  the  level  about  15  feet'.     The  water  is  pumped  directly  from 
the  wells  to  a  standpipe  by  three  pumps — ^a  horizontal  compound  duplex 
Blake  of  2,000,000  gallons  capacity,  installed  in  1887  at  the  old  station 
and  removed  in  1893  to  the  present  one;  a  horizontal  compound  duplex 
Deane  pump  of  1,500,000  gallons  capacity,  and  a  horizontal  compound 
duplex  Worthington  pump  of  500,000  gallons  capacity,  the  last  two 
installed  in  1893. 

A  small  covered  reservoir  18  feet  deep,  30  feet  in  diameter,  and 
holding  100,000  gallons  is  used  as  a  reserve  supply  for  the  wells.  The 
standpipe  was  erected  in  1883  for  use  on  the  surface  supply.  It  is  150 
feet  high,  25  feet  in  diameter,  and  has  a  capacity  of  550,000  gallons. 
A  horizontal  compound  duplex  Blake  pump  of  2,000,000  gallons 
capacity  stands  in  the  old  pumping  station  at  the  reser\'oir  and  can  be 
used  to  pump  this  water  to  the  standpipe  in  cases  of  emergency. 

The  average  pressure  for  the  gravity  supply  is  2G  pounds;  that  for 
the  domestic  supply  is  90  pounds.  There  are  2  miles  of  mains  laid 
for  the  surface  water  and  24  miles  laid  for  the  well  water.  About  90 
per  cent  of  the  total  population  are  within  reach  of  the  domestic  serv- 
ice. There  are  1,300  services  in,  all  of  which  are  in  use,  and  75  are 
metered.  The  average  daily  consumption  for  the  domestic  supply  is 
only  650,000  gallons,  or  54  gallons  per  capita  of  the  total  population 
and  60  gallons  per  capita  of  the  population  actually  supplied.  These 
figures  are  of  special  interest,  as  they  represent  the  amount  of  water 
actually  used  for  the  domestic  supply  of  a  city.  The  amount  of  water* 
used  on  the  gravity  supply  could  not  be  obtained. 

Tiffin, — The  waterworks  at  Tiffin  (population,  10,989)  were  put  in 
by  a  private  company  in  1879.  The  cost  of  the  plant  could  not  be 
learned.  The  supply  was  originally  taken  entirely  from  Sandusky 
River,  but  this  source  was  supplemented  later  with  water  from  a 
number  of  wells.  The  river  water  is  badly  polluted  with  the  sewage 
of  Crestline,  Bucyrus,  and  Upper  Sandusky,  the  latter  village  being 
34  miles  above. 

The  waterworks  are  at  the  upper  end  of  the  village,  and  400  yards 
above  this  is  a  dam  that  diverts  the  water  to  a  small  reservoir,  from 
iRR  91—04 8 
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which  it  is  pumped,  and  to  a  race  which  furnishes  power  for  a  portion 
of  the  time.  The  dam  is  constructed  of  timber,  is  175  feet  long  and 
5^^  feet  high,  and  backs  the  water  4  miles  up  the  river. 

There  are  seven  drilled  wells,  each  10  inches  in  diameter  and  from 
200  to  268  feet  deep,  all  in  the  Onondaga  limestone,  which  out/crops 
in  this  locality.  The  wells  extend  in  a  line  up  and  down  the  river 
valley  and  are  from  200  to  300  feet  apart.  The  pump  suction  is  con- 
nected directly  to  the  well  casing,  and  the  water  is  lowered  about  24 
feet  by  ordinary  pumping.  It  is  claimed  that  these  wells  supply  all 
the  water  except  in  cases  of  emergency,  and  that  a  better  method  of 
pumping  will  be  put  in,  so  that  no  river  water  will  be  needed.  These 
claims  are  hardly  realized,  however,  as  the  river  water  is  used  daily. 

Direct  pressure  is  furnished  by  three  Holly  pumps.  One,  put  in 
in  1879,  is  run  by  water  power  and  has  a  capacity  of  1,500,000  gallons; 
the  other  two  are  steam  pumps,  put  in  in  1882  and  1895,  and  have 
capacities  of  3,000,000  and  4,000,000  gallons. 

There  are  26  miles  of  mains,  which  give  about  90  per  cent  of  the 
people  access  to  the  water.  There  are  1,300  services  connected,  of 
which  only  900  are  in  use,  and  175  are  metered.  The  average  daily 
consumption  is  estimated  at  1,000,000  gallons,  being  91  gallons  per 
capita  of  the  total  population,  or  101  gallons  for  each  consumer.  The 
supply  is  not  satisfactory  owing  to  the  constant  use  of  the  river  water. 

SURFACE,  SUBSURFACE,  AND  DEEP-SEATED. 

Fremont — A  public  water-supply  system  was  put  in  by  Fremont 
(population  8,409)  in  1883,  and  had  cost  to  July,  1898,  $203,766.96. 
The  supply  is  obtained  from  Sandusky  River  at  a  point  above  the 
city,  from  wells,  and  from  galleries.  Above  the  place  where  the  water 
is  taken  from  the  river  it  receives  the  sewage  of  Crestline,  Bucyrus, 
Upper  Sandusky,  and  Tiffin,  the  latter  only  21  miles  above. 

The  river  water  is  admitted  through  three  10-inch  pipes  to  a  reser- 
voir excavated  in  the  solid  rock  below  the  river  level.  This  basin  is 
also  supplied  to  some  extent  by  three  lines  of  vitrified  tile,  6  to  9 
inches  in  diameter,  having  a  total  length  of  1^  miles,  which  are  laid 
in  gravel  beds  along  the  river  bottom.  The  reservoir  is  200  feet  long 
by  150  feet  wide,  and  the  water  stands  from  6  to  8  feet  deep  in  it,  or 
at  the  river  level,  giving  a  capacity  of  from  1,400,000  to  1,800,000  gal- 
lons. Large  quantities  of  sand  and  mud  collect  in  the  reservoir, 
which  have  to  be  removed  by  buckets,  as  the  bottom  is  too  low  for 
flushing. 

Five  lO-inch  wells,  300  feet  deep,  were  drilled  in  1897.  These  are 
pumped  by  airlifts  and  supply  about  230,000  gallons  daily.  The  ma- 
chinery for  pumping  these  wells  is  inadequate  and  it  is  intended  to 
install  better,  so  as  to  increase  the  supply,  though  at  present  the 
water  is  lowered  from  40  to  125  feet  in  the  wells. 

The  water  is  pumped  to  a  standpipe  by  two  Knowles  pumps,  one  a 
3,000,000-gallon  compound  duplex,  and  the  other  a  1,000,000-gallon 
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duplex.  The  standpipe  is  located  in  the  center  of  the  village  and  is 
100  feet  high,  25  feet  in  diameter,  and  has  a  capacity  of  365,000  gal- 
lons. There  are  23  miles  of  mains  in  use,  which  give  75  per  cent  of 
the  total  x>opalation  access  to  the  water.  There  are  1,115  services 
connected,  of  which  905  are  in  use,  and  428  of  these  are  metered. 
The  average  daily  consumption  is  942,516  gallons,  or  112  gallons  per 
capita  of  the  total  population  of  the  village  and  149  gallons  of  the 
population  actually  supplied.  This  large  consumption  can  be  ex- 
plained only  by  the  extravagant  use  of  water  in  public  fountains,  wa- 
tering troughs,  and  for  flushing  sewers,  and  by  the  habit  of  allowing 
the  water  to  run  constantly  when  it  is  muddy. 

Crestline. — The  public  water-supply  system  of  Crestline  (population, 
3,282)  was  put  in  by  the  village  in  1871,  and  had  cost  to  July,  1898, 
1225,000.  The  supply  was  first  obtained  from  springs  4^  miles  east 
of  the  village,  but  these  failed  to  furnish  enough  water,  and  in  1895 
three  wells  were  drilled  to  help  out.  Two  reservoirs  have  been  built 
near  the  springs  to  impound  the  flow  from  them  and  from  a  small 
area  around  them.  This  tributary  area  is  about  3^  square  miles  in 
extent,  but  some  of  the  drainage  is  diverted  from  the  reservoirs  by 
ditches.  One  reservoir  was  built  in  1871  and  a  second  in  1888,  both 
having  been  formed  by  throwing  up  earthen  embankments  across  and 
around  the  valley  of  a  small  run.  Only  the  flrst  reservoir,  with  a  ca- 
pacity of  1,295,000  gallons,  is  in  use,  the  second  still  being  very  foul 
from  vegetable  growths  of  various  kinds,  due,  no  .doubt,  to  an  im- 
proper stripping  of  the  flooded  area.  The  first  reservoir  is  full  of 
growths  also,  but  here  they  are  due  to  the  exposure  of  ground  water 
in  an  unlined  oi)en  basin.  These  growths  nearly  fill  the  reservoir  to 
the  top  of  the  water,  and  below  the  living  part  is  a  foot  or  more  of  thick 
black  mud,  formed  by  the  decomposition  of  moss.  The  authorities 
are  trying  to  have  this  reservoir  cleaned,  paved,  and  covered  over,  so 
as  to  do  away  with  the  only  objectionable  feature  of  the  supply. 

The  wells  are  6  inches  in  diameter  and  140, 170,  and  180  feet  deep. 
The  water  flows  from  them  at  a  rate  of  150,000  gallons  a  day,  and  it  is 
necessary  to  pump  forty-eight  hours  a  week  to  keep  up  the  supply. 
This  pumping  is  done  by  a  750,000-gallon  duplex  Worthington  pump, 
installed  in  1896.  The  wells  flow  and  are  pumped  to  the  first  reservoir, 
which  is  127  feet  above  the  streets  of  Crestline,  and  supplies  the  mains 
by  gravity  through  an  8-inch  wooden-pipe  line  4^  miles  long.  This 
pipe  furnishes  an  inadequate  supply,  especially  in  case  of  fire,  and  it 
is  intended  to  put  in  a  16-inch  cast-iron  line.  The  water  seems  to 
reach  the  consumers  clear  and  tasteless,  but  it  must  sooner  or  later  be 
affected  by  the  bad  condition  of  the  reservoir. 

There  are  10  miles  of  mains  laid,  giving  about  90  per  cent  of  the 
people  access  to  the  water.  There  are  445  services  connected,  of 
which  400  are  in  use,  and  68  of  these  are  metered.  The  average  daily 
consumption  is  200,000  gallons,  or  61  per  inhabitant,  and  70  per 
consumer. 
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DISCUSSION  OF  WATER  SUPPLIES. 

From  the  mass  of  details  contained  in  the  above  descriptions  of  the 
public  water  supplies  there  can  be  gathered  a  few  interesting  facts. 

OWNERSHIP. 

Of  the  104  waterworks  82  are  owned  and  controlled  by  the  city  or 
village,  21  by  private  corporations,  and  1  is  under  joint  private  and 
municipal  ownership  and  direction.  Five  of  the  public  water  sup- 
plies are  of  such  poor  quality  that  unless  steps  are  taken  for  their 
betterment  by  the  corporations  in  control  the  citizens  of  the  towns 
interested  will  probably  endeavor  to  purchase  the  plants  and  fran- 
chises of  the  companies  and  procure  a  good  supply  under  their  own 
management.  Even  a  carelessly  conducted  municipal  plant  will  usu- 
ally give  better  service  than  most  of  those  under  private  direction. 
Under  municipal  ownership  it  is  much  easier  to  make  the  changes 
necessary  to  the  improvement  of  the  quality  of  the  water,  though  some 
private  companies  are  far-sighted  enough  to  see  that  it  pays  to  furnish 
a  potable  water.  Also,  as  a  rule,  the  water  rates  are  higher  under  pri- 
vate than  under  municipal  OAvnership. 

Following  are  brief  outlines  of  the  franchises  and  contracts  under 
which  the  private  companies  operate: 

Ada. — The  waterworks  were  put  in  by  the  Ada  Water,  Heat  and 
Light  Company,  operating  under  a  franchise  granted  in  1902  and 
running  for  twenty-five  years.  The  city  may  purchase  the  plant  at 
the  end  of  fifteen  years  if  it  so  desires.  The  contract  does  not  specify 
the  kind  of  water  to  be  furnished. 

Blanchesfer. — The  first  waterworks  wore  put  in  by  the  village,  but 
the  supply  of  water  from  wells  failed  almost  immediately  and  the 
village  was  without  water  for  nearly  two  years,  as  there  were  no  more 
funds  available  to  seek  a  new  supply. 

In  order  to  get  fire  protection  a  private  company  was  formed  and  a 
franchise  secured  from  the  village,  according  to  which  the  company 
agreed  to  furnish  a  supply  of  water  for  the  pumps,  in  return  for  which 
they  were  to  collect  all  the  private  water  rents.  This  company,  the 
Blanchester  Water  and  Light  Company,  put  in  the  impounding  reser- 
voir at  a  cost  of  $0,000.  The  franchise  is  to  run  for  fifteen  years  from 
1899,  and  the  village  can  purchase  at  the  expiration  of  the  franchise 
only.  The  water  rates  are  fixed  by  the  franchise,  which  also  specifies 
that  the  water  shall  be  taken  from  the  reservoir. 

Bucyrus. — The  waterworks  were  put  in  by  the  Bucyrus  Water  Com- 
pany, operating  under  a  franchise  granted  in  1883,  but  it  now  oper- 
ates under  a  new  one,  granted  March  11,  1895,  to  run  fourteen  years. 
Nothing  is  stated  concerning  the  method  by  which  the  city  may  secure 
control  of  the  plant  before  the  expiration  of  the  franchise.  The  eon- 
tract  specifies  that  the  "running"  water  of  the  Sandusky  River  shall 
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lye  impounded  in  a  reservoir  of  60,000,(X)0  gallons  capacity,  and  "fil- 
tered "  before  it  is  admitted  to  the  mains.  Until  this  year  the  water 
was  passed  through  two  pressure  filters  without  previous  impounding, 
but  now  the  supply  will  be  the  impounded  waters  of.  a  small  stream 
tributary  to  Sandusky  River.  The  water  will  not  be  filtered  unless 
filtration  is  required  by  the  State  board  of  health. 

Canal  Fitlton. — Waterworks  were  installed  in  1902  under  a  franchise 
granted  March  3  of  that  year,  to  run  for  twenty  years.  Nothing  is 
stated  concerning  the  method  by  which  the  city  may  secure  control 
of  the  plant  before  the  expiration  of  the  franchise,  and  the  water 
company  is  the  sole  arbiter  as  to  the  kind  of  water  to  be  furnished  and 
the  price  to  be  charged  for  it. 

Defiance. — Waterworks  were  put  in  by  the  Defiance  Water  Com- 
jMtny,  operating  under  a  franchise  granted  in  1887,  to  run  for  thirty 
3'ears.  The  city  may  purchase  the  plant  at  the  end  of  ten  years,  or 
at  the  end  of  each  five-year  period  thereafter.  The  rates  are  subject 
to  regulation  by  the  city.  The  franchise  provides  that  "the  water 
shall  be  taken  from  such  x)oint  as  is  free  from  all  sewage  contamina- 
tion, and  shall  at  all  times  be  a  good,  wholesome  water,  fit  for  all 
purposes  of  domestic  and  manufacturing  use."  The  sewage  of  a  city 
of  50y000  inhabitants  enters  Maumee  River  54  miles  above  the  point 
where  the  water  is  taken. 

Dennison. — Waterworks  were  put  in  by  the  Dennison  Water  Sup- 
ply Company,  operating  under  a  franchise  granted  September  5, 1887, 
to  run  for  twenty  years.  The  villagfe  may  purchase  the  plant  com- 
plete at  any  time  after  fifteen  years.  Rates  are  fixed  by  franchise. 
The  franchise  provides  that  the  water  shall  be  taken  from  filter  gal- 
leries and  wells  adjacent  to  Big  Stillwater  Creek,  and  that  there 
shall  be  a  direct  connection  with  the  creek,  to  be  used  in  case  of  emer- 
gency. The  water  was  used  directly  from  the  creek  until  January, 
1900,  at  which  time  mechanical  filters  were  put  into  operation. 

UhrichsviUe. — The  same  company  that  furnishes  Dennison  with 
water  supplies  Uhrichsville.  Here  it  works  under  a  twenty-year 
franchise,  granted  March  6,  1887.  The  village  may  purchase  at  the 
end  of  fifteen  years  such  part  of  the  plant  as  is  within  the  cor- 
porate limits  of  Uhrichsville.  The  rates  are  fixed  by  the  franchise, 
which  also  provides  that  the  company  furaish  a  good,  wholesome 
water,  suitable  for  domestic  use,  to  be  taken  from  Big  Stillwater 
Creek,  or  the  Tuscarawas  River,  through  wells  or  galleries,  with  an 
auxiliary  pipe  to  the  creek  or  river,  for  use  in  cases  of  emergency. 
The  same  water  has  been  furnished  that  is  supplied  to  Dennison,  as 
noted  above. 

MassiUon. — The  first  waterworks  were  put  in  by  a  private  company 
in  1854,  but  the  present  works  are  operated  by  the  MassiUon  Water 
Supply  Company,  working  under  a  franchise  granted  June  7, 1886,  and 
running  for  twenty  years.     The  city  might  have  purchased  the  works 
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at  the  end  of  ten  or  fifteen  years.  The  rates  are  subject  to  regulation 
by  the  city.  The  franchise  states  that  the  water  is  to  be  taken  from 
Sip'po  Lake,  led  to  an  impounding  reservoir,  filtered,  and  pumped  to 
a  standpipe.     A  well  water  is  now  furnished  for  domestic  use. 

Harrison, — A  franchise  was  granted  in  1891,  to  run  twenty  years, 
to  the  Harrison  Water  and  Light  Company.  It  contains  no  provision 
for  purchase  by  the  city,  and  the  kind  of  water  to  be  supplied  is  not 
stated. 

Newark. — The  waterworks  were  put  in  by  the  Newark  Water  Com- 
pany, working  under  a  franchise  granted  May  4,  1885,  and  extending 
for  twenty  years.  The  city  may  purchase  at  any  time  after  ten  years. 
Rates  are  fixed  by  the  franchise.  "  The  water  shall  be  obtained  from 
Berkham  Spring,  or  such  other  source  as  may  be  approved  by  city 
council.  It  shall  be  clear  water,  suitable  for  culinary  and  drinking 
purposes,  and  not  detrimental  to  the  health  of  those  who  use  it." 
Well  water,  supplemented  by  surface  water,  is  now  used. 

New  Comerstown. — The  waterworks  were  put  in  in  1902  under  a 
franchise  granted  to  the  New  Comerstown  Water  Company  on  July 
22,  1901,  the  franchise  to  run  for  twenty  years. 

The  company  is  to  provide  "a  sufficient  supply  of  good,  wholesome 
water,  suitable  for  domestic,  manufacturing,  and  fire  purposes,  the 
same  to  be  obtained  from  open  or  driven  wells,  as  long  as  a  sufficient 
quantity  can  be  obtained." 

The  water  rates  are  fixed  in  the  franchise,  and  the  city  can  pur- 
chase the  plant  at  the  end  of  ten  years,  and  every  five  years  thereafter, 
from  the  date  of  the  passage  of  the  ordinance. 

Neiv  Philadelphia. — Waterworks  were  put  in  by  the  New  Philadel- 
phia Water  Company,  working  under  a  franchise  granted  June  3, 
1886,  to  extend  for  fifteen  years.  The  village  may  purchase  the  plant 
at  the  end  of  ten  years.  The  rates  are  required  to  be  as  low  as  the 
average  for  Ohio  companies.  The  franchise  requires  that  the  water 
shall  be  taken  from  filtering  galleries  or  wells  adjacent  to  Tuscarawas 
River. 

Piedmont. — As  this  village  is  not  incorporated,  the  Piedmont  Water 
Company  secured  in  1894  a  99-year  lease  on  the  springs  and  the  right 
of  way.  The  lease  contains  no  requirements  concerning  purchasing 
rates  or  kind  of  water  to  be  supplied. 

Oak  wood. — The  waterworks  were  put  in  in  1902  under  a  franchise 
granted  March  27,  1902,  to  the  Oakwood  Water  and  Light  Company, 
the  franchise  to  run  for  twenty-five  years. 

The  company  is  to  furnish  a  "sufficient  supply  of  good  water  for 
domestic  purposes."    This  water  is  obtained  from  wells. 

There  is  no  purchasing  clause  included  in  the  franchise,  and  the 
rates  are  fixed  by  the  company. 

Scio. — The  plant  was  put  in  by  the  Scio  Water  Supply  Company, 
operating  under  a  franchise  granted  February  18,  1899,  to  extend  for 
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ninety-nine  years.  The  village  may  purchase  the  plant  at  the  end  of 
each  five-year  period  after  the  completion  of  the  works.  The  rates 
are  required  to  be  the  same  as  those  at  Bridgeport,  Ohio.  The  fran- 
chise specifies  that  the  water  shall  be  the  best  obtainable  from  driven 
wells. 

Shelby, — Waterworks  were  put  in  by  the  Shelby  Water  Company, 
operating  under  a  franchise  granted  February  5, 1896,  and  extending 
for  twenty  years.  The  village  may  purchase  at  the  end  of  ten  or  fif- 
teen years.  The  rates  are  fixed  by  the  franchise,  which  also  requires 
that  the  water  shall  be  a  good,  potable  water,  free  from  all  obnoxious 
and  injurious  elements,  and  that  it  be  procured  from  such  suitable 
place  as  will  guarantee  its  purity,  and  that  the  source  shall  be  pro- 
tected from  future  encroachments  and  pollution.  Surface  water  shall 
not  be  used. 

Tiffin. — Waterworks  were  put  in  by  the  Tiflftn  Waterworks,  oper- 
ating under  a  franchise  granted  December  1, 1879,  to  run  for  twenty- 
five  years.  The  franchise  does  not  regulate  the  rates  or  provide  for 
purchase  by  the  city.  It  states  that  the  water  can  be  taken  from 
such  i)oints  as  best  subserve  the  object  and  purposes  of  the  company. 

Trotwood. — Waterworks  were  put  in  by  a  stock  company  formed  of 
citizens  of  the  village.  This  company  has  no  franchise,  as  the  village 
is  not  incorporated  and  none  could  be  granted.  The  plant  was  put 
in  by  sufferance  alone.  The  mains  are  in  the  county  and  township 
roads,  the  verbal  permit  of  the  commissioners  and  trustees  having 
been  obtained. 

Upper  Sandusky, — Waterworks  were  put  in  by  the  Upper  San- 
dusky Waterworks  Company,  operating  under  a  twenty-year  fran- 
chise granted  April  23,  1889.  The  village  may  purchase  the  plant  at 
the  end  of  ten  or  fifteen  years.  Rates  are  not  regulated  in  any  way. 
The  franchise  states  that  the  water  shall  be  taken  from  wells  sunk  in 
the  gravel  banks  of  Sandusky  River  or  it  shall  be  * 'river  water  dis- 
possessed of  earthy  matter  by  settling  pools."  The  well  water  shall 
be  carefully  protected  from  pollution  and  shall  be  increased  from  time 
to  time  as  the  consumption  warrants.  A  separate  suction  pipe  may 
be  run  to  the  river,  to  be  used  in  cases  of  great  emergency  only.  The 
river  water  is  used  practically  direct  nearly  all  the  time. 

Urbana. — The  franchise  of  the  Urbana  Waterworks  Company  ex- 
pired in  1899,  and  no  new  one  has  been  secured  since  that  time. 
There  has  been  considerable  friction  between  the  city  and  the  com- 
pany/ and  the  terms  of  the  settlement  are  uncertain.  The  company 
still  supplies  water  for  the  citizens  and  collects  the  water  rent,  and 
this  condition  may  hold  for  some  time. 

Wadsxvorih. — Waterworks  were  put  in  by  the  Wadsworth  Water- 
works Company,  operating  under  an  unlimited  franchise  granted 
September  20, 1881.  Under  the  first  grant  the  village  could  purchase 
at  the  end  of  ten  years,  but  this  grant  was  amended  July  6,  1892,  and 
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tlie  right  of  purchase  given  up.    It  is  practically  a  perpetual  fran- 
chise.    Rates  are  fixed  by  the  franchise. 

Waynesburg, — In  1857  the  Waynesburg  Water  Company  was 
granted  the  use  of  the  village  streets  for  a  free  water  trough  and  one 
fire  plug.  The  grant  states  nothing  regarding  the  purchasing  of 
works,  regulation  of  rates,  or  kind  of  water  to  be  supplied. 

Xenia. — This  city  is  supplied  with  water  by  the  Xenia  Water  Com- 
pany, oi)erating  under  a  twenty  years'  franchise  granted  July  19,  1886. 
The  city  may  purchase  the  plant  at  any  time  after  the  expiration  of 
the  first  ten  years.  Rates  are  fixed  by  the  franchise.  The  water  is 
to  be  taken  from  wells  or  filtering  galleries  near  Little  Miami  River 
or  Caesars  Creek,  with  direct  connection  to  either  stream  for  fire  pro- 
tection only.  As  a  matter  of  fact  neither  stream  is  used,  but  the 
water  is  procured  from  another  source. 

Lack  of  potable  water. — It  is  unfortunate  that  in  many  cases  a  non- 
potable  water  is  supplied,  even  when  the  franchise  specifically  requires 
a  water  that  is  of  good  quality,  or  that  is  derived  from  a  source  that 
would  furnish  a  potable  water.  In  so  many  communities  the  desira- 
bility of  a  good  water  has  not  been  so  realized  by  those  in  authority 
as  to  impel  them  to  take  the  steps  necessary  to  enforce  the  provisions 
of  the  waterworks  franchises.  When  the  present  franchises  expire, 
if  it  is  not  possible  to  purchase  the  works  outright,  it  would  be  well 
for  the  interested  towns  to  see  that  the  new  franchises  contain  a  very 
definite  clause  in  reference  to  the  kind  of  water  to  be  supplied. 

DATE   OF  INSTALLATION   OF  WATERWORKS. 

The  following  table  shows  the  decades  in  which  wat^r  supplies  were 
introduced  in  the  various  towns: 


Basin. 

Sandusky  . . . 
Mautnee  _ ... 

Miamis 

Mnskingum . 

Total  . 


1840-1850.  •  1850-1800. 


1800-1870. 


1 
1 


1  , 


1870-1880. 

1880-1890. 

1890-1900. 

i9no-i9ai 

2 

3 

3 

1 

3 

U 

5 

4 

6 

16 

7 

2 

7 

18 

6 

9 

19 

48 

18 

This  shows  that  66J  per  cent  of  the  plants  have  been  put  in  since 
1890  and  that  about  86  per  cent  have  been  put  in  since  1880,  confirming 
the  general  fact  that  public  sentiment  requiring  better  water  than  that 
furnished  by  a  private  well  is  of  very  recent  growth.  In  many  cases, 
however,  a  demand  for  fire  protection  has  been  almost  the  sole  reason 
for  the  introduction  of  a  public  supply.  The  number  of  old  plants  in 
the  Muskingum  drainage  basin  accords  very  well  with  the  fact  that 
it  is  a  portion  of  the  State  that  was  developed  at  a  very  early  period. 
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METHOD  OF  SUPPLYING  WATER. 

A  study  of  the  methods  used  in  the  various  drainage  basins  to  sup- 
ply the  water^  shows  the  general  nature  of  the  country  as  to  level- 
ness  almost  as  well  as  a  topographic  map.  In  the  Sandusky  basin 
there  is  1  gravity  supply,  2  direct  pumping,  and  5  pumping  to  stand- 
pipes  or  elevated  tanks.  The  Maumee  basin,  with  its  broad,  level 
plains,  has  not  developed  a  single  supply  that  does  not  involve  pump- 
ing; 8  direct  and  12  by  pumping  to  standpipes  or  elevated  tanks. 
The  Miami  basins  also  have  no  gravity  supplies,  but  in  13  cases  the 
pressure  is  obtained  by  dii*ect  pumping,  in  16  cases  by  pumping  to 
standpipes  and  tanks,  and  in  3  cases  only  by  pumping  to  reservoirs. 
On  the  other  hand,  the  rather  hilly  Muskingum  district  has  4  gravity 
supplies,  4  in  which  the  water  is  furnished  by  gravity  and  pumping 
to  reservoirs,  1  by  gravity  and  pumping  to  a  standpipe,  11  by  pump- 
ing to  reservoirs,  1  by  pumping  to  reservoirs  and  a  standpipe,  13  by 
pumping  to  standpipes,  and  only  4  supplied  by  direct  pumping. 

The  safety  and  convenience  of  a  gravitj'  supply  from  a  reservoir,  or 
a  supply  from  a  reservoir  filled  by  pumping,  are  generally  recognized, 
and  wherever  the  topography  will  permit  these  methods  are  used. 

The  5  gravity  supplies  of  the  basins  are  small  and  unimportant — 
in  fact,  all  the  surface  supplies  that  depend  upon  impounding  res- 
ervoii-8  are  not  large.  In  general,  Ohio  cities  are  content  to  seek  a 
ground  water,  if  they  are  not  near  a  large  river  whose  water  may  be 
used  directly,  rather  than  to  go  to  the  expense  of  impounding  the  run- 
off of  the  smaller  streams  and  protecting  the  basin  from  pollution. 
The  excessive  turbidity  of  these  small  streams  is  also  an  important 
factor  which  works  against  the  use  of  this  water,  and  it  is  turbidity 
that  makes  all  the  surface  supplies  objectionable  for  a  good  part  of 
the  year. 

The  present  industrial  supply  for  Massillon  is  obtained,  as  was 
the  old  supply,  from  an  impounding  reservoir  which  has  an  estimated 
capacity  of  30,000,000  gallons. 

Belief  ontaine  has  an  impounding  reservoir  of  about  2,000,000  gallons 
capacity,  Blanchester  one  of  5,000,000  gallons,  Hamilton  one  of  7,000,000 
gallons;  Wooster  has  one  of  about  8,000,000  gallons,  and  Crestline  two 
of  about  1,000,000  gallons  capacity  each.  These,  together  with  21  stor- 
age and  distributing  basins,  constitute  the  reservoirs  of  the  four  drain- 
age areas.  Uhrichsville  and  Dennison,  Lebanon,  New  Philadelphia, 
Springfield,  and  Zanesville  have  good  storage  reservoirs  of  large 
capacity  for  this  class  of  work. 

MILES  OF  MAINS  AND  POPULATION  ACCESSIBLE. 

In  the  104  towns  there  are  1,001.6  miles  of  mains,  or  an  average  of 
15.4  miles  for  each  place.  On  an  average,  85  per  cent  of  the  total 
population  of  each  town  has  access  to  the  water;  the  various  percent^ 
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ages  range  from  50  to  95.  Considering  the  towns  as  a  whole,  601,480 
people  have  access  to  the  public  water  supplies;  this  is  78  per  cent  of 
the  total  population  (771,128)  of  the  towns  supplied.  The  remaining 
169,048  people,  or  22  per  cent,  must  still  depend  upon  private  wells 
until  such  time  as  the  officials  in  charge  shall  see  fit  to  extend  the  mains. 

POPULATION  ACTUALLY   SUPPLIED. 

The  number  of  people  actually  using  the  water  has  been  estimated 
from  the  number  of  services  in  use  at  393,275  for  the  four  drainage 
areas,  divided  as  follows:  Sandusky,  18,280;  Maumee,  102,695;  Mi- 
amis,  138,740;  Muskingum,  132,560.  Of  the  total  population  the 
above  number  who  use  the  water  constitute  only  51  per  cent,  and  but 
66  per  cent  of  the  population  accessible  to  the  water.  Thus,  while  22 
per  cent  of  the  population  of  towns  with  public  water  supplies  do  not 
use  the  water  from  lack  of  access,  34  per  cent  of  those  who  can  use  it 
do  not  do  so,  some  of  these  from  lack  of  means,  but  many  from  false 
ideas  as  to  the  purity  and  potability  of  the  water  obtained  from  pri- 
vate wells.  Unfortunately,  it  is  necessary  to  add  that  in  too  many 
cases  the  public  supply  is  of  no  better  quality  than  the  water  from 
the  private  wells. 

USE   OF  METERS. 

Of  the  80,467  services  in  use,  only  12,875,  or  16  percent,  are  metered. 
Leaving  out  Toledo,  with  its  13,961  services  and  7,200  meters,  only  8.5 
per  cent  of  the  services  in  use  are  metered.  Of  the  104  public  sui> 
plies,  25  have  not  a  single  meter  in  use  and  27  others  have  10  or  fewer. 
Shreve  has  all  of  its  85  services  metered.  West  Alexandria  all  of  its 
131,  and  Cambridge  130  of  its  140  services.  Attica,  Bucyrus,  Dayton, 
Eaton,  Greenville,  Hamilton,  Norwood,  Toledo,  and  Wooster  have 
more  than  one-fourth  of  their  services  metered.  These  towns,  with 
Shreve,  West  Alexandria,  and  Cambridge,  comprise  all  the  towns 
where  meters  are  used  to  any  extent  for  domestic  services.  In  the 
remaining  places  meters  are  used,  as  a  rule,  only  for  manufacturing 
establishments,  livery  stables,  etc. 

PUMPING  CAPACITY. 

It  might  be  well  to  call  attention  to  the  large  reserve  pumping 
capacity  at  hand,  as  so  many  of  the  towns  are  supplied  directly  or  by 
small  reservoirs  and  standpipes.  This  excess  is  found  to  vary  from 
2  to  23  times  the  average  daily  consumption.  The  high  figures  occur 
in  new  plants,  where  the  consumption  is  not  yet  great  and  a  large 
allowance  has  been  made  for  future  growth.  There  is  only  one  sup- 
ply in  the  four  basins  where  water  power  is  used  in  public  water- 
works. Tiffin  utilizes  the  water  of  the  Sandusky  River  to  run  a 
1,500,000-gallon  Holly  immp,  which  usually  supplies  the  pressure  dur- 
ing the  night  only. 
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AVERAGE  DAJLY   CONSUMPTION. 

In  84  of  the  104  supplies  it  was  possible  to  estimate  the  average 
daily  consumption.  In  a  number  of  cases  accurate  daily  records  of  the 
pumps  are  kept  and  the  results  have  some  weight,  but  in  others  merely 
the  crudest  estimate  can  be  made. 

Considering  the  84  towns  in  which  the  consumption  could  be  esti- 
nutted,  the  average  daily  consumption  per  capita  of  the  total  popula- 
tion is  70  gallons,  and  per  consumer,  or  per  capita  of  the  population 
actually  supplied,  it  is  125  gallons.  In  individual  towns  these  figures 
run  from  150  gallons  as  the  average  daily  consumption  per  consumer 
and  17  gallons  per  capita  of  the  total  population  to  106  and  100 
gallons,  respectively.  The  minimum  average  daily  consumption  is 
found  in  the  small  places,  especially  in  those  where  there  are  no 
sewers.  There  are  not  enough  metered  supplies  to  show  the  effect  of 
meters  on  the  consumption.  The  maximum  normal  consumption  is 
found  in  those  towns  where  the  supply  is  of  poor  quality,  especially 
if  it  is  turbid;  for  example:  Cambridge,  442  gallons;  Dennison  and 
Uhrichsville,  442;  Waynesville,  218;  Wooster,  210;  Zanesville,  259; 
Defiance,  300;  Bucyrus,  280,  and  Fremont,  350.  Shelby  had  an 
average  daily  consumption  per  consumer  of  330  gallons,  but  this  was 
due  to  the  construction  and  fiushingof  a  complete  new  sewer  system. 

ITie  variation  of  the  consumption  throughout  the  year  was  care- 
fully determined  from  the  monthly  pumping  records  of  ten  supplies 
iu  the  Muskingum  basin — Ashland,  Canal  Dover,  Canton,  Carroll- 
ton,  Dennison  and  Uhrichsville,  Massillon,  Mount  Vernon,  Newark, 
Orrville,  and  Zanesville — in  all,  about  450  monthly  records.  With 
the  average  monthly  consumption  equaling  100,  the  following  gives 
the  variation: 


Jan. 
104.8 

Feb. 
W.O 

Mar. 
05.2 

Apr. 

May. 
91^8 

June. 
ioe.9 

July. 

Aucr. 

118.4 

Sept. 
104.1 

Oct. 

Nov. 

Dec. 

88.7 

102.6 

108.9 

95.9 

96.0 

The  increase  in  the  consumption  in  the  cold  months  is  due  to  the 
fact  that  hydrants  are  permitted  to  run  to  prevent  freezing,  and  the 
increase  in  the  summer  is  due  to  the  sprinkling  and  general  free  use 
of  water.  The  increase  in  consumption  from  year  to  year  is  well 
shown  in  the  following  18-year  record  for  Mount  Vernon: 
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Yearly  variation  in  consumption  at  Mount  Vernon, 


Year. 


1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
4893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 


Average 

daily 

consumption. 


213, 774 
280,346 
281,271 
346, 622 
861,247 
339, 676 
354, 672 
399,386 
500, 091 
598, 066 
636, 662 
732, 932 
688,311 
794, 898 
814, 567 
858, 510 
926, 157 
1,000,000 


Estimated 

popola- 

tion. 


5,540 
5,620 
5,680 
5,780 
5,860 
5,940 
6,027 
6,088 
6,149 
6,209 
6,270 
6,331 
6,392 
6,452 
6,513 
6,574 
6,663 
6,694 


Estimated 

popula- 
tion using 
water. 


3,270 
3,300 
3,360 
3,420 
3,480 
3,780 
3,960 
4,200 
4,550 
4,800 
5,100 
5,400 
5,580 
5,820 
6,000 
6,150 
6,335 
6,500 


Average 
daily  con- 
sumption 
per  capita. 


daily  con- 

aumptionper 

consumer. 


89  I 

50 

50 

60 

62 

57 

59 

66 

81 

96 
101 
116 
108 
123 
125 
130 
139 
149 


65 

85 

84 

101 

104 

90 

90 

95 

110 

125 

125 

136 

123 

137 

136 

140 

146 

154 


Where  this  increase  will  stop  is  a  problem  hard  to  solve.  That  a 
great  deal  of  the  increase  is  due  to  waste  is  undoubted,  but  it  is  difficult 
to  determine  just  how  much  is  due  to  legitimate  increase  of  use.  In 
a  few  places,  by  the  general  introduction  of  meters,  and  by  carefully 
watching  for  leaks,  the  consumption  per  capita  has  been  greatly 
decreased  and  then  held  to  a  low  rate  of  increase.  As  the  popula- 
tion increases  it  becomes  difficult  to  supply  an  abundance  of  potable 
water,  and  no  doubt  it  will  soon  be  necessary  in  many  places  to  take 
stringent  steps  to  check  waste. 
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Ada,  poptilation  of 60,91 

iiratcr  supply  of S9,91 

T^aterworks  in,  ownership  of 116 

Adazns  Mills,  water  i>ower  lued  at 60-61, 66 

Adrian,  rainfall  at 28, 31 

Alpha,  water  power  used  at 46^7 

Amanda,  water  power  uited  at 44-46 

Angola,  rainfall  at 28,81 

AnkeTtown,  water  power  used  at 62-68 

Apple  Creek,  dams  and  water  power  on 62-68 

water  supply  obtained  from 61 

Ashland,  population  of 61,74 

lainiallat 83 

water  supply  of 61, 74 

A  tti  ca,  population  of SO,  74 

water  meters  used  in 122 

water  supply  of 69, 74-76 

Auburn,  rainfall  at 28,31 

Auglaize  River,  length  and  fall  of 16 

Ayondale,  water  power  used  at 64-66 

Bangonrille,  rainfall  at 83 

Barberton,  population  of 61,76 

water  supply  of 61, 76 

Bam  Mills,  water  power  used  at 64-66 

Batayia,  population  of 60,63 

water  power  used  near ^ 46-47 

water  supply  of 60, 68-66 

Beaver  Run,  dams  and  water  power  on 62-63 

Becks  Mills,  water  power  used  at 62-68 

Bellbrook,  water  power  used  at 46-47 

Bellefontaine,  population  of 60, 76 

water  supply  of 60,76-76,121 

Bellville,  water  power  used  at  and  near . . .  64-66 

Benton  Ridge,  rainfall  at -28,81 

Berlin,  water  power  used  near 62-68 

Beverly,  water  power  used  at 60-61 

Big  Schench  Creek,  dams  and  water  power 

on 62-53 

Big  Stillwater  Creek,  dams  and  water  power 

on 54-66 

water  supply  obtained  from 61, 67 

Black  Fork,  dams  and  water  power  on 64-66 

Black  shale,  occurrence  of 14 

Bladensburg.  water  power  used  near 80-51 

Blakes  Mills,  water  power  used  at 64-55,56  | 

Blancbard  River,  dams  on 36  | 

water  supplies  obtained  from 69,68  ' 

Blanchester,  population  of 60,106  ' 

water  supply  of 60,62,106-107,121 

waterworks  in,  ownership  of 116  > 

Bluflton,  population  of 59,91 

rainlallat 28,81 

water  supply  of 69,91-92  , 


Bowling  Oreen,  rainfall  at 28.81 

Brinkhaven,  water  power  used  at 62^68, 67 

Bryan,  population  of 60, 92 

water  supply  of 69, 92 

Buck  Creek,  dams  and  water  power  on 4(M1 

Bucynis,  population  of 60, 65 

water  consumption  in 128 

water  meters  used  in 122 

water  power  used  at  and  near 86 

water  supply  of 59, 62, 66-66 

waterworks  in,  ownership  of 116-117 

Burbank,  water  power  used  near 52-^ 

Butler,  water  power  used  near 62-58 

Cffisars  Creek,  dams  and  water  power  on . . .  46-47 

Cambridge,  population  of 61,66 

water  consumption  in 128 

water  meters  used  in 122 

water  power  used  near 60-51 

water  supply  of 61, 66 

Canal  Dover,  population  of 61, 76 

rainfall  at 88 

water  power  used  at 54-65, 57 

water  supply  of 61, 76 

Canal  Fulton,  waterworks  in,  ownership  of.      117 

Canton,  population  of 61,62 

rainfallat 83 

water  power  used  near 54-55 

water  supply  of 61, 62, 112 

Carboniferous  formations,  occurrence  of . . .       14 

Carey,  population  of 59, 92 

water  supply  of 69,92-93 

Carrollton,  population  of 61, 93 

rainfall  at 88 

water  supply  of 61, 93 

Cedar  Branch,  dams  and  water  power  on..  42-48 

Cedarville,  limestone  quarries  near 14 

water  power  used  at , 46-47 

Celina,  rainfallat 28,31 

Chapman  Creek,  dams  and  water  power  on .  40-41 
Christmas  Run,  water  supply  obtained  from .       61 

Clarks,  water  power  u»»ed  near 62-58 

Clear  Fork,  dams  and  water  power  on  52-53, 54-55 

Clifton,  water  power  used  at 46-47 

Clinton  formation,  occurrence  of 14 

Clio,  water  power  used  at 50-51 

Coal   Measures,  coal   veins  in,   workable 

character  of 14 

occurrence  of 14 

Coldwater,  rainfall  at Jl 

Columbus  Grove,  population  of 60, 76 

watersupply  of 59,76 

Continental,  population  of 59, 93 

water  supply  of 69,93 
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Coshocton,  population  of 61,76 

water  power  used  near 62-68 

water  supply  of 61,76-77 

Ck>vington,  limestone  quarries  near 14 

water  power  used  at  and  near 42-43 

Crestline,  population  of 69, 116 

water  supply  of 69, 62, 115, 121 

Dalton,  water  supply  of 61, 94 

Dams    and    water    power,    Great    Miami 

basin 37,38-46,48,49 

Little  Miami  basin 37,46-47,48,49 

Maumee  basin 36-37 

Muskingum  basin 49-58 

Sandusky  basin 36 

Dayton,  limestone  quarries  near 14 

population  of 60, 77 

water  meters  used  in 122 

water  jwwer  used  at 40-41, 49 

water  supply  of 60,77-78 

Defiance,  dam  at 37 

population  of 59, 66 

rainfall  at 28,31 

water  consumption  in 123 

water  supply  of 69,66-67 

water  works  in ,  ownership  of 117 

Delphos,  population  of 69, 94 

water  supply  of 59,94-96 

Dennlson,  population  of 62,67 

water  consumption  in 123 

watersupply  of 62,67-68,121 

waterworks  in,  ownership  of 117 

Devols,  water  power  used  at 50-51 

Devonian  formations,  occurrence  of 14 

Doughty  Fork,  dams  and  water  power  on. . .  52-^ 

Dresden,  water  power  used  at 50-51, 67 

Dresden  Side  Cut  Canal,  dams  and  water 

power  on 60-61 

Dundee,  water  power  used  at 54-65 

Durbin,  water  power  used  at 40-41 

£aglc]K>rt,  discbarge  of  Muskingum  River 

at,  diagram  showing 32 

discharge  of  Muskingum  River  at,  table 

showing 33 

water  power  used  at 50-61 

East  Branch  Little  Miami  River,  dams  and 

water  power  on 46-47 

length  and  fall  of , 17 

water  supply  obtained  from 62 

Eaton,  population  of 60, 78 

water  meters  used  in 122 

water  supply  of 60, 78 

Evanston,  population  of 60, 68 

water  supply  of 60, 68 

Excello,  water  power  used  at 44-15 

Fairfield,  water  power  used  at 40-41 

Findlay,  dam  at 36,37 

population  of 59,68 

rainfall  at 28,31 

water  supply  of 37,69,68-69 

Fort  Wayne,  rainfall  at 28,31 

Fosters,  water  power  used  at 46-47 

Fourmile  Creek,  dams  and  water  power  on.  38-39 

Franklin,  population  of 60,78 

waterpower  used  at 38-39,44-45 

water  supply  of 60,78-79 

Fredericksburg,  water  power  used  at 62-^ 


Fredericktown,  water  power  used  at  and 

near SCtSU 

Freeport,  population  of 61 

water  power  used  at  and  near 46-47 

water  suppl  y  of 61 

Fremont,  population  of 59,114 

water  consumption  in 123 

water  power  used  near 36 

water  supply  of 69,62,114-115 

Oambier,  water  power  used  at 52-58, 57 

Gettysburg,  water  power  used  at 42-43 

Gladys  Run,  dams  and  water  power  on 46 

Goes,  water  power  used  at  and  near 46-47 

Grand  Rapids,  State  dam  at 36 

Gmnville,  population  of 61, 79 

rainfall  at 33 

water  supply  of 61, 79 

Gratiot,  rainfall  at 33 

Great  Miami  basin,  area  and  location  of . . .        10 

dams  and  water  power  of 37-45, 48 

date  of  work  in 9 

drainage  of 17 

geological  formations  in 14 

glaciation  in 14 

map  of 18 

population  of 11 

topography  and  soils  of 12-13 

water-supply  systems  in 58,60 

date  of  installation  of 120 

methods  of  supplying  water  to 121 

number  of  people  using 122 

Great  Miami  River,  dams  and  water  power 

on 38-39,40-41,42-43,49 

features  of 17-19 

length  and  fall  of 17,19 

Green  Hill,  rainfallat 33 

Greenville,  population  of 60, 79 

water  meters  used  in 122 

water  power  used  near 42-43 

water  supply  of 60, 79 

Greenville  Creek,  dams  and  water  power 

on 42-13 

Hamilton,  population  of 60,80 

water  meters  used  in 122 

water  power  used  at »-39, 44-15 

water  supply  of : 60,80,121 

Hamilton  formation,  occurrence  of 14 

Hammel,  water  power  used  at 46-17 

Harrison,  population  of 60 

water  suppl  y  of 60 

waterworks  in,  ownership  of IIS 

Harshmanville,  water  power  uwd  at 40^1 

Harveysburg,  water  power  used  at 46-17 

Hedges,  rainfallat 28,31 

Heldcrberg  (upper  and  lower)  formations, 

occurrence  of 14 

HicksviUc,  population  of 59,105 

water  supply  of 59, 105 

Hillsdale,  rainfall  at 28. 31 

Howcnstlne,  water  power  used  at 54-56 

Hudson  River  group,  occurrence  of 14 

Hyde  Park,  population  of 60,68 

water  supply  of 60, 68 

Jerome  Fork,  dams  and  water  power  on...  52-63 

Jeromevillc,  water  power  used  at 52-58 

Jonathan  Creek,  dams  and  water  power  on  50-^1 
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Kenton,  rainfall  at 28,81 

Killbuck.  rainfall  at 88 

'WBter  power  i2aed  at 52-63,57 

Kill'buck  Creek,  dama  and  water  power  on  52-53, 57 

Kimbolton,  water  power  Used  at 60-51 

Kt^ss  Creek,  dama  and  water  power  on ... .  40-41 

mrater  power  used  at 40-41 

Kings  MUl,  water  power  used  at 46-47, 49 

KirkeiBTllle,  water  power  uaed  at 60-51, 57 

Kokostnir  River,  dams  and  water  power 

on 5a-68,57 

Lebanon,  population  of 60,96 

-vrater  anpply  of 60,96,121 

Leipeic,  rainfall  at 28,81 

Lew^isbni^BTi  water  power  used  at 38-39 

Lewisville,  population  of 61,95 

water  supply  of 61,95-96 

Uckin^  Creek,  dams  and  water  power  on. .  50-51 

water  supply  obtained  from 61 

Licking  Biver,  length  and  fall  of 20 

Lima,  population  of 59,107 

water  supply  of 59,62,107-106 

Linton  Mills,  water  ]K>wer  used  at 60-51 

Little  Miami  basin,  area  and  location  of  . . .       10 

dams  and  water  power  of 87, 46-47, 48, 49 

date  of  work  in 9 

dralna^of 17 

geological  formations  in 14 

glaciation  in 14 

map  of 18 

population  of 11 

timber  in 13 

topography  and  soils  of 12-18 

water-supply  systemain 58,60 

date  of  inatallatlon  of 120 

methods  of  suppl  ying  water  to 121 

number  of  people  uaing 122 

Little  Miami  River,  dama  and  water  power 

on 46-47 

features  of 17-19 

length  and  fall  of 17,19 

East  Branch  of.    See  East  Branch 62 

Lock  Seventeen,  water  power  used  at . . .  54-65, 66 

Lc»>t  Creek,  water  supply  obtai ncd  from 59 

Loudonville,  population  of 61 

water  power  used  at 54-55 

water  supply  of 61 

Loveland.  water  power  used  at 46-47 

Lowell,  water  power  Tised  at 50-51 

Lower  Helderberg  formation,  occurrence 

of 14 

Loyal  Oak,  water  power  used  near 54-55 

Lucas,  water  power  used  at 54-55 

Ludlow  Falla,  water  power  used  near 42-48 

Luke  Chute,  water  power  used  at 50-51 

Lynchburg,  population  of 60,80 

water  supply  of 60,80-81 

McCOnnelsville,  population  of 61, 81 

water  power  used  at 60-61, 57 

water  supply  of 61,81 

McZena,  water  power  used  at 52-53 

Mad  Biver,  dama  and  water  power  on. .  38-40, 49 

length  and  fall  of 17,19 

limeato  ne  quarries  in  valley  of 14 

valley  of,  ciiaracter  of 19 

water  unpply  obtained  from  wella  in 

bed  of 77 


Pago. 

MadisonviUe,  population  of 60, 96 

water  supply  of 60,96 

Magnolia,  water  power  used  at 54-65, 57 

Malvern,  water  power  used  at 54-6& 

Mansfield,  population  of 61, 96 

water  power  used  near 54-65 

water  supply  of 61, 62, 96-97 

Marietta,  population  of 61, 69 

water  power  used  at 50-51 

water  supply  of 61, 69-70 

Maasicka  Creek,  limestone  quarries  near. . .       14 

Masslllon,  population  of 61, 112 

water  supply  of 61, 62, 112-113, 121 

waterworks  in,  ownership  of 117-118 

Maumee,  water  power  used  at 87 

Maumee  basin,  agriculture  in 12 

area  and  location  of 9-10,81 

date  of  work  in 9 

geological  formations  in 14 

map  of 16 

population  of 11 

rainfall  in,  tables  showing 28-29, 81 

topography  and  soils  of 12, 81 

water  power  in 86-37 

water-supply  systems  in 58, 50 

date  of  installation  of 120 

methods  of  furnishing  water  to 121 

number  of  people  using 122 

Maumee  River,  dams  and  water  power  of. .  86-37 
discharge  of.  at  Waterville,  diagrams 

showing 25,31 

tables  showing 26,80 

fall  and  length  of 16 

features  of 1 5-16 

measuremen  ta  of 25-26 

pollution  of 70 

water  supplies  obtained  from 59, 67, 70, 71 

Medina  formation,  occurrence  of 14 

Meters  for  water,  use  of 122 

Mexico,  discharge  of  Sandusky  River  at, 

diagrams  showing 22 

discharge  of  Sandusky  River  at,  table 

showing 28 

Miami  and  Eric  Canal,  dams  and  water 

power  on 87,44-46,48-49 

water  supplies  obtained  from 60, 70 

Miami  basin.    See  Great  Miami;  Little  Mi- 
ami. 
Miami  River.    See  Great  Miami;  Little  Mi- 
ami. 
Miamisburg,  water  power  used  at .  38-39, 44-45, 49 

Middletown,  population  of 60, 81 

water  power  used  at 38-39, 44-45, 49 

water  supply  of 60,81-82 

Midvale,  water  power  used  near 54-55 

Milfordton,  rainfall  at 33 

Mill  Brook,  water  power  used  near 52-58 

MiUersburg,  population  of 61, 82 

water  supply  of 61, 82 

Millheim,  water  power  used  at 64-56 

Millwood,  water  power  used  at 52-53 

Mineral  City,  population  of 61 

water  supply  of 61 

Mineral  Point,  population  of 61, 82 

water  supply  of 61,82-83 

Minerva,  population  of 61,83 

water  supply  of 61,88 
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Mitchell,  W.  B.,  cited  on  cost  of  water 

works  at  Piqua 71 

Mlflslnipplan  limestone,  occurrence  of 14 

Moeser,  Edmund,  acknowledgment  to 32 

Mohican  River,  dams  and  water  power  on  .  52-^ 

Mobicanvllle,  water  power  used  at 62-53 

Monroevllle,  water  power  used  at 52-^ 

Montpelier,  population  of 59, 97 

rainfall  at 28,31 

water  supply  of 59, 97 

Morrow,  water  power  used  at 46-47 

Mosquito  Creek,  dams  and  water  power  on.  42-43 

Mount  Vernon,  population  of 61, 83 

water  consumption  in,  table  showing 

variationin 124 

waterpower  used  at 52-53,57 

water  supply  of 61, 83-84 

Muskingum  basin,  agriculture  in 13, 20-21 

area  and  location  of 10 

dams  and  water  power  of 4^58 

drainage  of 19-21 

pre-Glacial 19-20 

geological  formations  in 14 

glaciationin 13-14 

map  of 21 

mining  settlements  in 12 

population  of 11, 12 

rainfall  in,  table  showing 33 

run-off  in,  table  showing 83 

topography  and  soils  of 13-14 

water  powers  in,  decrease  in  number  of.       56 

water-supply  systems  In 58, 61 

date  of  installation  of 120 

method  of  furnishing  water  to 121 

number  of  people  using 122 

work  in,  date  of 9 

Muskingum  River,  dams  and  water  power 

on 50-51, 56 

discharge  of,  at   Eagleport,    diagram 

showing 32 

table  showing 33 

features  of 19-21 

length  and  fall  of 20 

measurements  of 32-34 

water  supply  obtained  from 61, 73 

Napoleon,  population  of 59, 70 

rainfall  at 28, 31 

water  supply  of ' 59, 70 

New  Baltimore,  water  power  used  nt 38-39 

New  Bremen,  population  of 59, 98 

rainfall  at 28,31 

water  supply  of 59, 98 

New  Comerstown,  population  of 61, 98 

water  power  used  at 54-55, 56 

water  supply  of 61, 98 

waterworks  in,  ownership  of 118 

New  Harris,  water  power  used  ot 42-^3 

New  Moorefield,  water  power  used  at 40-11 

New  Philadelphia,  population  of 61, 8^1 

water  power  used  at 54-55, 57 

water  supply  of fil, 84, 121 

waterworks  in,  ownership  of 118 

New  Vienna,  population  of 60, 98 

water  supply  of 60, 98 

Newark,  population  of 61 ,  108 

water  supply  of 61 ,  108 


Newark,  waterworks  in,  ownership  of 119 

Niagara  formation,  occurrence  of 14 

NimiabUlen  Creek,  dams  and  water  power 

on M^5 

water  supply  from..* 61,112 

Norwood,  population  of 60,98 

water  meters  used  in 122 

water  supply  of 60, 98-99 

Oakley,  population  of 60, 6^ 

water  supply  of 60,68 

Oakwood,  population  of 60,99 

water  supply  of 60,99 

waterworks  in,  ownership  of 115 

Ohio,  drainage  basins  of,  map  of 10 

Ohio  Canal,  dams  and  water  power  on 50^1. 

54^55,56 
Ohio  River,  pollution  of 69 

water  supplies  obtained  from 60, 61, 68, 69 

Ohio  shale,  occurrence  of 14 

Old  Town,  water  power  used  at 46-47 

One  Leg  Creek,  dams  and  water  power  on. .  b^l-Sb 
Orrville,  population  of 61. 99 

water  supply  of 61, 99-100 

Osbom,  population  of 60,  M 

water  power  used  at 40-41 

water  supply  of 60,  d4-85 

Ottawa,  rainfall  at 28,31 

Oxford,  population  of 60,  M5 

water  power  used  at 3J^39 

water  supply  of 60,  s^ 

Painter  Creek,  dams  and  water  power  on..  42-43 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 

Hydrographic  Branch, 

Washinffton.,  D.  (7.,  December  4^  1903. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled, 

''  Passaic  Flood  of  1903,"  prepared  by  Marshall  Ora  Leighton,  and  to 

request  that  it  be  published  as  one  of  the  series  of  Water-Supply  and 

Irri^tion  Papers. 

This  paper  is  a  continuation  of  Water-Supply  and  Irrigation  Paper 

No.  88,  by  George  B.  Hollister  and  Mr.  Leighton,  and  describes  the 

flood  of  Octol)er,  1903,  which  was  higher  and  far  more  disastrous  than 

the  flood  of  1902.    The  occuri-ence  of  two  great  floods  in  the  same 

basin  during  so  short  a  period  makes  the  subject  worthy  of  attention, 

especially  as  the  district  is,  from  a  manufacturing  and  commercial 

standpoint,  one  of  the  most  important  along  the  Atlantic  coast. 

Very  respectfully, 

F.  H.  Newell, 

Chief  Engineer. 

Hon.  Charles  D.  Walcott, 

Director  United  States  OeologiccH  Survey. 


THE  PASSAIC  FLOOD  OF  1903. 


By  Marshall  O.  Leighton. 


INTRODUCnON". 

In  the  following  pages  is  given  a  brief  history  of  the  disastrous 
flood  which  occurred  in  the  Passaic  River  Basin  in  October,  1903. 
In  the  report  by  George  Buell  HoUister  and  the  writer,  entitled 
"The  Passaic  Flood  of  1902,"  and  published  by  the  United  States 
Geological  Survey  as  Water-Supply  and  Irrigation  Paper  No.  88,  are 
discussed  the  principal  physiographic  features  of  the  drainage  basin 
and  their  general  relations  to  the  stream  flow.  This  report  will  not 
repeat  this  information,  and  the  discussion  will  be  confined  to  the  flood 
itself.  Beferences  to  local  features  will  be  made  without  explanation, 
the  presumption  being  that  this  publication  shall  accompany  the  earlier 
one  and  be,  as  it  is,  a  continuation  of  it.  In  the  present  report  more 
attention  is  given  to  an  estimate  of  damages  than  in  the  earlier  work, 
and  remedies  by  which  devastation  may  be  avoided  are  briefly 
considered. 

Passaic  Kiver  overflowed  its  banks  on  October  8, 1903,  and  remained 
in  flood  until  October  19.  Between  these  dates  there  occurred  the 
greatest  and  most  destructive  flood  ever  known  along  this  stream. 
Ordinarily  the  channel  of  the  lower  Passaic  at  full  bank  carries  about 
12,000  cubic  feet  of  water  per  second,  but  at  the  height  of  this  flood  it 
carried  about  36,700  cubic  feet  per  second. 

The  flood  period  for  the  entire  stream  can  not  be  exactly  stated,  as 
the  overflow  did  not  occur  at  the  same  time  in  different  parts  of  the 
basin.  For  example,  the  gage-height  records  at  Dundee  dam  show 
that  the  flood  began  to  rise  on  October  8  at  6.30  a.  m.,  and  reached  a 
maximum  of  9i  inches/>ver  the  dam  crest  at  9  p.  m.  on  October  10. 
Similarly,  on  Beattie's  dam  at  Little  Falls  the  flood  began  to  rise  at 
midnight  on  October  7,  and  reached  its  maximum  at  2  p.  m.  on  Octo- 
ber 10,  or  about  thirty-eight  hours  after  the  initial  rise,  the  height  of 
the  water  being  1.29  inches  over  the  crest  of  the  dam. 

The  flood  rose  on  the  highland  tributaries  as  follows:  On  Ramapo 
River  the  flood  crest  passed  Hillborn  at  about  10  a.  m.  on  October  9 
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and  reached  Pompton,  at  the  mouth  of  the  river,  shortly  after  noon  of 
the  same  day. 

The  highest  reading  recorded  on  the  Geological  Survey  gage  at 
the  feeder  of  Morris  Canal,  in  Pompton  Plains,  was  14.3  feet,  at  about 
6  o'clock  on  the  morning  of  October  10.  As  this  gage  is  read  only 
once  daily  it  is  probable  that  this  reading  does  not  represent  the 
height  of  the  flood  crest.  Evidence  shows  that  it  passed  this  point  on 
the  previous  day.  Records  of  the  Newark  water  department  show 
that  the  flood  on  Pequanac  River  began  to  rise  at  Macopin  dawi  on 
October  8  at  noon,  and  rose  rapidly  to  the  maximum  of  6,000  cubic 
feet  per  second  at  4  p.  m.  on  October  10. 

No  recoixis  are  available  with  reference  to  the  rise  of  flood  on 
Wanaque  River. 

Observations  made  on  Pompton  Plains  on  the  morning  of  the  11th 
show  that  Pompton  River  was  well  within  its  banks  at  that  time; 
therefore  the  Ramapo,  Wanaque,  and  Pequanac  must  have  discharged 
their  flood  waters  some  time  previous  to  this  hour.  The  fact  is  impor- 
tant when  considered  in  connection  with  the  height  of  water  in  the 
main  stream  at  that  period.  This  obsei'vation  was  made  only  eighteen 
hours  after  the  maximum  height  over  Beattie's  dam  at  Little  Falls, 
and  twelve  hours  after  the  flood  crest  passed  Dundee  dam.  The  con- 
ditions here  outlined  illustrate  the  rapidity  with  which  flood  waters  are 
discharged  from  the  Pompton  drainage  area,  and  the  deterring  effect 
of  Great  Piece  Meadows  upon  the  flood. 

The  rise  of  the  flood  on  Rockaway  River  at  Old  Boonton  was  almost 
coincident  with  that  on  Pequanac  River  at  Macopin  dam.  The  maxi- 
mum flow  occurred  fourteen  hours  later  than  the  maximum  on  the 
Ramapo  at  Pompton. 

The  flood  crest  did  not  reach  Chatham  on  upper  Passaic  River  until 
the  morning  of  October  11,  or  about  twentj^-four  hours  later  than  the 
flood  heights  in  Pompton  and  Rockaway  rivers,  and  about  twelve 
hours  later  than  the  maximum  over  Dundee  dam. 

Adequate  reasons  for  these  differences  in  flood  periods  between 
neighboring  points  are  abundant.  They  are  apparent  after  a  review  of 
the  physiogmphic  conditions  described  in  Water-Supply  Paper  No.  88, 

The  flood  of  1903  was  the  immediate  result  of  an  enormous  rainfall, 
and  not,  as  is  often  the  case  in  north  temperate  latitudes,  the  com- 
bined effect  of  rainfall  and  the  rapid  melting  of  accumulated  snows. 
The  records  of  weather-observation  stations  in  northern  New  Jersey 
and  New  York  fail  to  show,  throughout  their  entire  ol)servation 
periods,  as  great  an  amount  of  precipitation  in  so  short  a  period. 
The  storm  which  was  the  immediate  cause  of  the  flood  occurred  princi- 
pally between  October  8  and  11.  During  that  interval  rain  fell  to  an 
average  depth  of  11.74  inches  over  the  Passaic  Basin. 
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The  Passaic  Basin  is  fairly  well  supplied  with  storage  facilities, 
which,  under  ordinary  circumstances,  would  temper  the  severity  of 
floods  by  holding  back  a  large  amount  of  water.     In  this  case  no  such 
effect  was  produced,  as  the  reseiToirs,  lakes,  and  ponds  on  the  drain- 
age area  were  filled,  or  practically  so,  at  the  beginning  of  the  storm, 
and  there  was  consequently  no  available  space  in  which  to  hold  l)ack 
even  an  appreciable  part  of  the  run-off  water.     Over  some  of  the 
dams  in  the  highland  region  a  comparatively  small  amount  of  water 
was   being  discharged  at  the  beginning  of  the  storm.     Therefore, 
while  these  storage  basins  may  have  had  a  certain  deterring  effect 
upon  the  rate  of  flood  accumulation,  they  could  not,  in  the  end,  assist 
materially  in  preventing  damages  in  the  lower  part  of  the  drainage 
area. 

PRECIPITATION'. 

The  precipitation  records  for  June,  July,  August,  and  September 
are  given  below: 

PrecipUaticny  in  inches,  in  Pamaic  Valley  and  vicinUy,  Jtme  to  September,  1903. 


June. 

July. 

August. 

September. 

Nor- 
mal. 

Ob- 
served. 

Nor- 
mal. 

Ob- 
served. 

Nor- 
mal. 

Ob- 
served. 

Nor- 
mal. 

Ob- 
served. 

Highland  region: 

Dover 

3.29 
3.48 
3.52 

15.02 

12.80 

9.45 

10.13 

11.17 

10.62 

11.51 
9.28 
7.42 

10.14 
8.76 

5.54 
6.42 
5.54 

5.32 
5.23 
4.87 
7.03 
4.48 
5.43 
4.26 
5.86 
5.74 

5.47 
7.59 
3.97 
3.08 

5.40 
5.40 
3.41 

4.27 
4.22 
3.23 
4.70 
4.31 

5.08 
5.16 
4.98 

4.31 
5.20 
4.17 
5.95 
4.75 
5.05 
4.70 
4.37 
4.26 

9.04 
9.35 
7.78 
6.17 

10.89 
9.40 

14.54 

13.  75 

5.96 

6.87 

7.15 

4.02 
4.60 
4.80 

4.86 
4.52 
3.61 
3.67 
3.83 
4.04 
3.72 
4.42 
4.14 

3.39 

« 

Chester 

Charlottehnrg 

RinirwooH 

3.29 
3.06 

Bed  Sandstone  plain: 
I\iter9on 

4.31 
3.32 
3.17 
3.08 
3.60 
3.57 
3.13 
3.62 
3.68 

2.88 

Hanover 

River  Vale 

2.90 

Fiwex  Fells 

Newark 

1.80 
4.56 

South  Orange 

New  York  City 

Plainfield 

3.80 
2.60 
7.10 

Elizabeth 

4.38 

An  examination  of  the  above  table  shows  that  throughout  the 
summer  of  1903  the  precipitation  was  considembly  above  normal. 
The  records  for  June  and  August  indicate  extremely  wet  months,  and 
the  July  figures  are  slightly  above  while  the  September  figures  are 
somewhat  below  normal.     The  important  fact  shown  by  this  table  is 
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that  disastrous  floods  may  occur  after  long  periods  of  abundant  rains. 
It  has  been  observed  that  heavy  precipitation  may  be  expected  after 
protracted  periods  of  drought.  Such  a  belief  is  not  altogether  fan- 
ciful. In  the  northeastern  part  of  this  country  the  total  amount  of 
precipitation  is  approximately  uniform  from  year  to  year.  The  vari- 
ations, comparatively  speaking,  are  not  very  wide,  and  we  are  there- 
fore led  to  expect  that  there  are  in  opemtion  influences  which  serve 
to  compensate  for  excesses  or  deficiencies  in  our  annual  rainfall. 
Therefore  after  the  abundant  precipitation  of  the  summer  of  1903,  an 
observer  might  have  had  some  measure  of  justification  in  predicting  a 
normally  or  abnormally  dry  fall.  In  view  of  the  actual  events  the 
fact  must  be  emphasized  that  in  adopting  measures  to  prevent  floods 
the  margin  of  safety  must  be  extremely  wide.  The  extraordinary 
rainfall  of  those  three  October  days  can  not  with  assui-ance  be  accepted 
as  the  maximum. 


Precipitation,  in  iiicheSf  in  Paaaaic  Valley  and  vicinity ,  Octjoher  7  i^  11,  190S. 


Station. 

From— 

To- 

t    ■«tt-ra.»mw«.A 

Day. 

Hour. 

Day. 

Hour. 

AmOQIlL 

Highland  region: 

Dover 

7 

i 
7 
8 

7 
8 
8 
8 
8 

11 

11 

10 

9 

9 
11 

9 
11 
10 

9  p.  m 

7  a.  ni 

10.13 

Little  Falls 

Charlotteburg 

4  a.  m 

14.13 
12.67 

Ringwood 

11  a.  m 

5  a.  m 

8  a.  m 

8  p.  m 

3. 46  p.  m  . . 

6  p.  m 

4  p.  m 

6  a.  m 

Night 

10.63 

Red  Sandstone  plain: 

Paterson 

15.04 

River  Vale 

12. 55 

Essex  Fells 

10.66 

Newark  .  _ 

8. 30  a.  m  . . 
6  a.  m 

12.09 

Soath  Oranee 

10.48 

The  extremely  rapid  rate  of  precipitation  during  the  crucial  part  of 
the  storm  is  shown  by  the  recording  gages  placed  at  observation 
stations  in  Newark  and  New  York  City. 
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Haurly  records  of  precipUation  at  New  York  ob$ervalion  Hatioiif  October  8  and  V,  190S. 

Inches. 
OcUS,  9tol0a,in 0.08 


10tolla,m 02 

11  to  12m 32 

12  m.  to  1  p.  m 10 

I  to  2  p.  m 05 

2to3p.m 06 

3  to  4  p.  m 34 

4  to  5  p.  m 01 

5  to  6  p.  m 10 

6  to  7  p.  m 02 

7  to  8  p.  m 93 

8  to  9  p.  m 32 

9  to  10  p.  m 24 

10  to  11  p.  m 27 

II  to  12  p.  m 26 

9,  12  to  la.  m 30 

Hourly  record  of  precipitation  at  Newark 

Inches. 
Oct.  8,8.25to9a,  m 0.05 

9  to  10  a.  m 04 

10  to  11a.  m 00 

11  to  12m 00 

12  m.  to  1  p.  m 14 

1  to2p.m 72 

2  to  3  p.  m 49 

3  to  4  p.  m 11 

4  to  5  p.  m 1.05 

5  to  6  p.  m 46 

6to7p.m 1.20 

7  to  8  p.  m 60 

8  to  9  p.  m 24 

9  to  10  p.  m 24 

10  to  11  p.  m 13 

11  to  12  p.  m 17 

9, 12  to  1  a.  m 29 

1  to  2  a.  m 33 

2  to  3  a.  m 62 

3  to  4  a.m.   29 

4  to  5  a.  m 35 

6  to  6  a.  m 26 

6  to  7  a.  m 13 


Inches. 

Oct.  9, 1  to  2  a,  m 0.25 

2to3a,m 75 

3  to  4  a.  m 34 

4  to  5  a.  m 46 

5  to  6  a.  m 41 

6  to  7  a.  ra 29 

7  to  8  a.  m 51 

8  to  9  a.  m 1.38 

9tol0a.m 1.04 

10tolla.m 08 

11  to  12m 23 

12  m.  to  1  p.  m 24 

1  to  2  p.  m 31 

2  to  3  p.  m 32 

3  to  4  p.  m 01 

Total 67^ 

observation  station,  October  8-11,  1908. 

Inches. 

Oct.  9,  7  to8a.  m 0.29 

8to9a.m 69 

9  to  10  a.  m 69 

10  to  11  a,  m .39 

11  to  12m 20 

12  m.  to  1  p.  m 39 

lto2p.m 28 

2to3p.m 34 

3  to  3.25  p.  m 13 

11.50  to  11.55  p.  m 01 

10,  3  to  4  a.  m 02 

7  to8p.m 07 

8  to9p.m 09 

9  to  10  p.  m 02 

lOtollp.m 04 

11  to  12  p.  m 04 

11, 12  tola,  m 06 

1  to2a.m 09 

2to3a.m 03 

3  to  4  a.  m 05 

4  to  5  a.  m 01 


Total 11.83 
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From  the  above  tables  it  may  be  seen  that  the  maximum  rate  of 
precipitation  per  hour  was  1.38  inches  at  New  York  and  1.2  inches  at 
Newark.  Comparison  of  the  tables  on  pages  11  and  12  gives  an  excel- 
lent idea  of  the  intensity  of  the  storm.  The  amount  of  water  falling  in 
a  single  storm  is  nearl}^  equal  to  the  total  for  June,  a  Qionth  of  unusual 
precipitation. 

The  average  of  the  total  amounts  of  precipitation  recorded  at  the 
various  stations  in  the  Passaic  area  is  11.74  inches.  These  totals  are 
fairly  uniform,  none  of  them  varying  widely  from  the  average.  There- 
fore the  figure  11.74  represents  a  conservative  mean  for  a  calculation 
of  total  amount  of  water  over  the  drainage  area.  Assuming  this  as 
the  correct  depth,  the  amount  of  water  which  fell  on  each  square  mile 
of  the  Passaic  drainage  area  during  the  storm  was  27,273,000  cubic 
feet,  or  for  the  whole  Passaic  drainage  area  over  27,000,000,000  cubic 
feet,  weighing  about  852,000,000  tons.  This  amount  of  water  would, 
if  properly  stored,  fill  a  lake  with  twenty  times  the  capacity  of  Green- 
wood Lake,  would  cover  Central  Park  in  New  York  City,  which  has 
an  area  of  about  1.5  square  miles,  to  a  height  of  645  feet,  and,  at  the 
present  rate  of  water  consumption  in  the  city  of  Newark,  N.  J.,  would 
supply  the  city  with  water  for  twenty  years. 

DESCENT  OP  FliOOD. 

HIGHLAND  TRIBUTARIES  AND  CENTRAL  BASIN. 

A  description  of. the  descent  of  flood  waters  from  the  highland 
tributaries  into  the  (ventral  Basin  has  been  given  in  Water-Supply 
Paper  No.  88.  It  has  been  shown  that  the  lands  of  the  Central  Basin 
are  covered  even  in  ordinaiy  freshets,  and  that  in  the  event  of  a  great 
flood  the  waters  merely  rise  higher,  being,  for  the  greater  extent, 
almost  quiescent,  and  beyond  the  flooding  of  houses  and  barns  and  the 
destruction  of  crops,  little  damage  is  done.  In  other  words,  the  flood 
along  this  portion  is  not  torrential  in  character. 

During  the  flood  of  1903  the  water  fell  so  quickly  all  over  this  basin, 
and  was  collected  so  rapid!}'  by  the  small  tributaries,  that  a  lake  wa» 
formed  at  once  which  served  as  a  cushion  against  which  the  raging 
torrent  of  the  highland  tributaries  spent  itself  without  doing  extraor- 
dinary damage  in  that  immediate  region.  Bridges  which  might  have 
been  lost  in  a  smaller  flood  like  that  of  1902  were  actually  standing 
in  slack  water  by  the  time  the  mountain  torrents  appeared  in  force. 
These  streams  caused  much  destruction  higher  up  in  the  mountains, 
but  in  the  Central  Basin  their  energy  became  potential — a  gathering 
of  forces  to  be  loosed  upon  the  lower  valley.  A  discussion  of  the 
effects  of  this  will  be  taken  up  under  the  heading  "  Damages." 

In  Water-Supply  Paper  No.  88  is  given  the  proportion  of  flood  waters 
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contributed  to  the  Central  Ba»in  by  each  of  the  tributaries.  These 
fig-urcjs  were  computed  from  the  results  of  gagings  maintained  for  a 
period  sufficient  to  afford  this  information  within  a  reasonable  approxi- 
mation. In  the  case  of  the  storm  which  resulted  in  the  flood  of  1903 
it  is  probable  that  data  referred  to  can  not  be  safely  applied. 

The  flood  of  1902  was  the  result  of  abundant  rains  following  upon 
and  melting  a  heavy  snow.  Weather  Bureau  records  nhow  that 
neither  the  depth  of  the  snow  nor  the  amount  of  subsequent  rainfall 
was  uniform,  or  even  approximately  so,  over  the  Passaic  drainage 
area.  Indeed,  so  marked  was  the  variation  that  it  was  believed  that 
the  mean  rainfall  for  all  the  observation  stations  on  the  basin  did  not 
bear  sufficient  relation  to  observed  run-off  to  allow  of  any  reliable 
deductions.  In  the  case  of  the  October  storm,  however,  the  distribu- 
tion of  rainfall  was  more  nearly  uniform,  and  the  run-off  from  the 
highland  tributaries  into  the  Central  Basin  must  have  been  propor- 
tionately different  in  amount  from  that  indicated  iA  the  upland  tribu- 
tary tables  in  the  report  of  the  previous  flood.  The  data  given  for 
the  1902  flood  can  not,  therefore,  in  the  case  of  the  highland  tribu- 
taries, be  applied  to  the  conditions  which  obtained  in  the  flood  of  1903. 

FLOOD  AT  MACOPIN   DAM. 

Mr.  Morris  R.  Sherrerd,  engineer  of  the  Newark  city  water  board, 
has  furnished  flow  computations  over  Macopin  intake  dam,  which  is  the 
head  of  the  Newark  pipe  line.  As  about  73  per  cent  of  the  Pequanac 
drainage  area  lies  above  this  intake,  the  table  on  page  16  shows  roughly 
an  equivalent  percentage  of  the  flow  contributed  by  Pequanac  River 
to  the  Central  Basin  of  the  Passaic.  In  consulting  this  table  it  should 
be  borne  in  mind  that  the  entire  run-off  of  the  drainage  area  above 
Macopin  is  about  25,000,000  gaUons  per  day  more  than  the  amounts 
presented  in  this  table.  All  reservoirs  and  ponds  connected  with  the 
conservancy  system  of  the  Newark  water  supply  were  filled  except 
that  at  Oakridge,  which  was  about  1.5  feet  below  the  crest  of  the 
spillway. 
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Flov)  of  Pequanac  River,  over  Macopin  daniy  October  7-S4,  1903. 

[From  Newark  water  department.] 

Cubic  feet. 
240,600 


347,600 

842,200 

40,110,000 


Oct.  8,  6a.  m.  to  12  m 

12  m.  to  4  p.  m 

4to6p.  m 

8-9,  6  p.  m.  to  6  a.  m. 

9,  6  a.  m.  to  12  m 51,870,000 

12  m.  tolp.  m 16,100,000 

1  to5p.  m 62,430,000 

5tol0p.  m 89,040,000 

10  to  11  p.  m 19,520,000 

9-10,  10  p.  m.  to  8  a.  m.  201, 350, 000 

10,  8  a.  m.  to  12  m 75, 670, 000 

12  m.  to  6  p.  m 103,650,000 

6to  12p.  m 73,530,000 

11,  12to6a.  m 56,820,000 

6a.  m.  to  12m 41,440,000 

12  m.  to  6  p.  m 32,755,000 

6  to  12  p.  m 25,665,000 

12,  12  to  6  a.  m 23,800,000 

6  a.  m.  to  12  m 20,725,000 

12  m.  to  6  p.  m 18, 450, 000 

6  to  12  p.  m 15,105,000 

13,  12to6a.  m 13,370,000 

6a.  m.  to  12m 11,890,000 

12  m.  to  6  p.  m 11,230,000 

6to  12p.  m 11,230,000 


Oct  14,  12  to  6  a.  m 

6  a.  m.  to  12  m 

12  m.  to  6  p.  m 

6tol2p.  m 

15,  12to6a.  m 

6  a.  m.  to  6  p.  m. . . . 

15-16,  6  p.  m.  to  6  a.  m. 

16,  6  a.  m.  to  6  p.  m.... 
16-17,  6  p.  m.  to  6  a.  m. 

17,  6  a.  m.  to  6  p.  m 

17-18,  6  p.  m.  to  6  a.  m. 

18,  6  a.  m.  to  6  p.  m.... 
18-19,  6  p.m.  to  6  a.m. 

19,  6  a.  m.  to  6  p.  m 

19-20,  6  p.  m.  to  6  a.  m. 

20,  6  a.  m.  to  6  p.  m 

20-21,  6  p.  m.  to  6  a.  m. 

21,  6  a.  m.  to  6  p.  m 

21-22,  6  p.m.  to  6  a.m. 

22,  6  a.  m.  to  6  p.  m 

22-23,  6  p.  m.  to  6  a.  m. 

23,  6  a.  m.  to  6  p.  m 

23-24,  6  p.  m.  to  6  a.  m. 

24,  6  a.  m.  to  6  p.  m.... 


Cubic  feet. 
9,  628,  l*^ 

8, 690,  Olio 

8, 022, 000 

7,353,000 

6, 952, 000 

12,  700,  OHO 

10, 965,  Olio 

10, 025, 000 

9, 091, 000 

8, 690, 000 

9,883,000 

10, 565,  OOO 

8,690,000 

6, 952, 000 

6, 150, 000 

5, 882,  aw 

5, 749, 000 

5, 481, 000 

5, 214, 000 

4, 144, 000 

3, 677, 000 

3, 877, 000 

5. 749, 000 

5, 615, 000 


FLOOD  AT  BEATTIE's  DAM,   LITTLE  FALLS. 

The  flow  over  Beattie's  dam  at  Little  Falls,  has  been  calculated 
according  to  coefficients  used  for  the  same  dam  in  Water-Supply 
Paper  No.  88.  Recorded  gage  heights  show  that  over  the  main  dam 
there  was  a  maximum  depth  of  11.12  feet,  which  continued  from  2  to 
8  p.  m.,  on  October  10,  representing  a  maximum  flow  of  31,675  cubic 
feet  per  second.  (See  PI.  I,  A.)  In  the  following  table  is  set  forth  the 
flow  of  the  river  over  Beattie's  dam  during  the  flood,  and  for  purposes 
of  comparison,  the  figures  for  the  flood  period  of  March,  1902.  It 
should  be  borne  in  mind  in  consulting  this  table,  that  in  the  case  of 
the  flood  of  1903  exact  dates  and  hours  are  given,  while  the  figures  for 
the  1902  flood  represent  flow  determinations  at  six-hour  intervals, 
beginning  with  the  initial  rise  of  that  flood. 
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Flood  flow  ovirr  BeaUie's  cUim  during  floods  of  lliOJ  and  190S. 


I>ato  and  hour. 

CKt,     8.  12  p.m., 

9.  6  a.  m . . . 

12in.... 

6  p.  m... 

12  p.  m.. 

10.  6  a.  m... 
12  m.... 
6  p.  m... 
12  p.m. 

11.  6a.  m.. 
12m... 
6  p.  m . . 
12  p.m. 

12.  6a.m.. 
12m... 
6  p.  m.. 
12  p.m. 

13.  6  a.  m.. 
12  m... 
6  p.  m.- 
12  p.  m. 

14.  6  a.  m.. 


1903. 


1902.  a 


_  1 


Skx.-feet. 
1,646 
4,235 
8,560 
15,756 
23,927 
28, 370 
31,305 
31,675 
30,770 
29,840 
28,950 
26,960 
25,530 
24,435 
22,625 
20,810 
18,655 
17,930 
16,190 
14,900 
13,615 
12,340 


Sec.-Jeet. 

490 

700 

1,350 

2,120 

3,540 

4,250 

4,600 

5,000 

6,500 

7,600 

8,250 

9,000 

10,200 

11,450 

14,700 

18,150 

20,650 

22,200 

22,700 

23,400 

23,300 

22,950 


Date  and  hour. 

Oct  14.  12  m  . . . 
6  p.  m . . 
12  p.  m. 

15.  6  a.  m. , 
12  m... 
6  p.  m.. 
12  p.  m. 

16.  6a.m.. 
12m... 
6  p.m.. 
12  p.m. 

17.  6  a.  m., 


1908. 

See.'Ject, 
11,740 
10, 975 
9,820 
9,180 
8,330 
7.700 
7,005 
6,695 
5,920 
5,620 
5,360 
4,856 

Below  full  iMUik 

Do 


1902.  a 


Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 


Sec.-ffet. 

22,650 

22,350 

22,100 

21,150 

19,900 

18,900 

17,350 

15,750 

13,900 

13,300 

11,800 

10,650 

8,900 

8,500 

8,100 

8,200 

7,000 

6,250 

5,900 

5,300 

5,200 

4,900 


a  At  six-hour  intervals. 
FLOOD  FLOW  OVER  DUNDEE   DAM. 

The  flood,  as  indicated  by  gage  heights  at  Dundee  dam,  lasted  from 
al>out  6.30  p.  m.  October  8  tx)  about  midnight  October  18.  Although 
the  maximum  recorded  gage  height  was  19  inches  higher  than  during 
the  flood  of  1902,  the  actual  time  during  which  the  river  was  out  of  its 
banks  was  forty-five  hours  less  than  at  the  earlier  flood.  Examination 
of  fig.  1  shows  that  the  flood  of  1903  was  decidedly  more  intense  than 
that  of  1902,  the  maximum  height  being  reached  in*  1903  in  about 
sixty  hours,  while  in  1902  the  maximum  was  not  reached  until  the 
expiration  of  about  one  hundred  and  twenty  hours. 

At  Dundee  dam  the  familiar  break  in  the  progress  of  the  flood  took 
place  al>out  thirty-five  hours  after  the  initial  rise.  It  occurred  before 
the  time  of  the  maximum  gage  height  at  the  mouth  of  Pompton  River, 
and  there  is  nothing  to  indicate  that  it  was  caused,  as  has  been  claimed, 
by  slack  water  from  the  Pompton  flood  being  forced  back  into  Great 
Piece  Meadows.  There  is  no  doubt  that  a  part  of  the  Pompton  flood 
was  so  diverted,  but  there  was  maintained  throughout  at  Little  Falls 
a  steady  pressure,  which  constantly  increased  to  maximum.  This  flood 
check  at  Dundee  dam  was  observed  in  1902,  but  it  could  not  be  shown 
to  arise  from  the  f I'equently  mentioned  phenomena  at  the  mouth  of 
Pompton  River.     It  is  important  to  prove  or  disprove  this  hypothesis. 

iRB  92—04 2 
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If  it  were  found  to  be  true,  it  could  be  advantageously  taken  into  con- 
sideration in  connection  with  measures  for  the  prevention  of  flood 
damages.  As  the  Pompton  had  no  such  effect  upon  the  flood  flow  at 
Dundee  dam  in  two  consecutive  historic  floods,  the  writer  is  inclined 
to  believe  that  the  idea  is  entirely  erroneous. 

Since  the  flow  curves  in  fig.  1  were  drawn  it  has  been  found  by  care- 
ful observation  that  the  depressions  which  occur  in  the  rise  of  every 
flood  over  Dundee  dam  are  probably  due  to  the  carrying  away  of  the 
flashboards  which  are  placed  upon  the  dam  crest  in  times  of  low  water. 
A  review  of  the  gage  heights  recorded  by  floods  for  several  years  post 
shows  that  the  break  occurs  when  the  height  of  water  over  the  dam 
crest  reaches  from  40  to  60  inches.     The  flashboards  used  upon  this 


Sec-feet. 
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Fig.  1.— Comparative  flood  run-off  at  Dundee  dam,  March,  1902,  and  October,  1908. 


300 


dam  are  usually  18  inches  wide,  and  as  they  are  supported  by  iron  ixds, 
which  arc  of  approximately  the  same  strength  and  ai-e  placed  upon  the 
dam  by  one  crew  of  workmen,  it  may  be  safely  assumed  that  the}'  are 
of  approximately  equal  stability  and  might  be  expected  to  fail  almost 
simultiineousl}'  along  the  length  of  the  dam  crest.  So  sudden  a  decrease 
in  the  effectual  height  of  the  dam  must  lower  the  water  on  the  dam 
crest  markedly,  and  as  every  other  probable  cause  has  been  eliminated 
in  the  case  of  the  recent  flood,  the  explanation  of  the  check  in  the 
progress  of  floods  over  this  dam  maj'  be  safely  accepted  as  due  to 
carrying  away  of  flashboards.  This  effect  should  be  apparent  in  the 
gage-height  records  only. 
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In  the  flow  diagrams  (figs.  1  and  2)  the  effect  would  not  be  the  same, 
Ynit  the  curve  would  rise  more  sharply.  Similarly,  the  measurements 
at  the  beginning  are  not  correct,  as  they  are  calculated  according  to 
gage  heights  measured  from  the  stone  crest  of  the  dam.  Therefore,  a 
true  flood  curve  at  this  point  would  be  much  flatter  at  the  beginning 
and  i-ise  sharply  at  a  period  coincident  with  the  carrying  away  of  the 
flash  l>oards. 

An  important  difference  between  the  two  floods  is  that  the  earlier 
continued  longer,  but  the  later  one  was  much  higher.  The  flood  of 
irK)2  was  caused  by  the  turning  of  an  equivalent  of  approximately  6 
inches  of  precipitation  into  the  main  channel  during  a  period  of  six 
days.  In  the  deluge  of  1903  there  fell  11.74  inches  of  rain,  the  greater 
part  of  which  was  precipitated  in  36  hours.  Thus  it  is  seen  that  there 
was  in  the  flood  of  1903  a  larger  rainfall  during  a  much  shorter  period 
than  in  the  flood  of  1902.  Computation  shows  that  the  total  run-off 
from  the  drainage  area  above  Dundee  dam  during  the  earlier  flood 
was  13,379,000,000  cubic  feet,  and  that  on  account  of  the  frozen  con- 
dition of  the  ground  at  that  time  this  amount  of  water  represented 
practicall}'  all  of  the  precipitation.  During  the  flood  of  1903  there 
was  a  total  run-off  for  the  same  area  of  14,772,000,000  cubic  feet, 
which  represents  about  Q6  per  cent  of  the  observed  precipitation. 
According  to  these  figures  the  total  amount  of  run-off  in  the  1903 
flood  was  only  10  per  cent  greater  than  that  in  1902,  while  the  actual 
flood  height  during  the  1903  flood  was  27  per  cent  higher  than  during 
the  flood  of  1902.  The  above  comparison  shows,  in  a  striking  manner, 
the  effect  of  the  condition  of  the  surface.  In  the  case  of  the  later 
flood  we  bad,  as  has  been  stated  in  previous  pages,  an  area  which  had 
been  well  watered  during  the  previous  summer,  and  the  observed 
ground-water  levels  were  fairly  high.  There  was,  however,  sufficient 
storage  capacity  in  the  basin  to  retain  about  34  per  cent  of  the  pre- 
cipitation occurring  between  October  7  and  11.  This  water  must  have 
been  largely  absorbed  by  the  earth.  The  general  relations  of  the 
floods  of  1903  and  1902  can  therefore  be  briefly  stated  as  follows: 

General  relations  offloads  of  1903  and  190^. 


I9(r2. 

1903 


Avenge 
precipita- 
tion. 

Inches. 
6 
11.74 

Duration  of 
precipita- 
tion. 

Days, 
6 
3 

Maximum 
flood  flow. 


Sec.-fcd. 
24,800 
35,700 


Totfll  nin-off. 


Cubic/ret. 
13, 379, 000, 000 
14,772,000,000 


Run-off. 


Percent. 
«100 
66 


Duration  of 
flood  at  Dun- 
dee dam. 


Hours. 
270 
225 


a  Approximate!}'. 


In  the  following  table  and  fig.  2  are  recorded  gage  heights  taken 
at  hourly  intervals  during  the  crucial  part  of  the  flood  and  the  amount 
of  water  expressed  in  cubic  feet  per  second  flowing  over  the  crest  of 
the  dam  at  each  gage  height 
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S      »       S      S      8      S      I 


OcL8,6a.in. 
12  m. 

12  p.  m. 
Oct    9,12  m. 

12  p.m. 
Oct.  10, 12  m. 

12  p.m. 
Oct  11, 12  m. 

12  p.m. 
Oct  12,12  m. 

12  p.  m. 
Oct  13,12  m. 

12  p.m. 
Oct.  14,12  m. 

12  p.  m. 
Oct  15. 12  m. 

12  p.m. 
Oct  16,12  m. 

12  p.  m. 
Oct  17, 12  m. 

12  p.m. 
Oct  18, 12  m. 

12  p.  m. 


Fio.  2.— OiAgram  of  flood  flow  at  Dundee  dam,  flood  of  1908. 
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Flmo  of  Pwtiaic  River  at  Dundee  dam,  190S, 


Date  and  hour. 


Oct.    8.  6,30  a.  m 

I  p.  m 

6.30  p.  m 

8  p.  m 

10  p.  in 

II  p.  ni 

12  p.  m 

9.  1  a.  m 

2.30  a.  m 

4  a.  m 

6  a.  in 

8.30  a.  m 

9.40  a.  m 

10.55  a.  m 

12m 

1  p.  m 

2  p.  m 

3  p.  m 

3.45  p.  ra 

4.25  p.  m 

5  p.  m 

5.45  p.  m 

6.30  p.  m 

7  p.  m 

8  p.  m , 

9  p.  m 

10  p.  m 

11  p.  m 

12  p.  ra 

10.  1  a.  m 

2  a.  m 

3  a.  m 

4  a.  m 

5  a.  m 

6  a.  m 

7  a.  m 

8  a.  m 

9a.  m 

10  a.  m 

11a.  m 

11.35  a.  m 


Ga^. 

0.66 

1.50 

2.17 

2.59 

3.00 

3.33 

3.50 

3.50 

3.59 

3.50 

3.66 

3.75 

4.00 

4.66 

4.75 

5.25 

5.37 

5.45 

5.37 

5.29 

5.23 

5.19 

5.17 

5.11 

5.13 

5.17 

5.21 

5.27 

5.4 

5.5 

5.66 

5.73 

5.91 

6.00 

6.2 

6.33 

6.4 

6.6 

6.83 

6.89 

6.97 


Flow. 


Sm.'/eei, 
780 
3,175 
5,500 
7,300 
9,125 
10,700 
11,525 
11,550 
11,950 
11, 525 
12,300 
12, 775 
14, 075 
17,650 
18,200 
21,050 
21,750 
22,250 
21,750 
21,300 
20,950 
20,700 
20,600 
20,250 
20,350 
20,600 
20,750 
21,150 
21,950 
22,500 
23,500 
23,900 
25,050 
25,650 
26,900 
27,700 
28,150 
29,400 
30,750 
31,250 
31,760 


Date  and  hour. 


Oct.  10.  12  m 

1  p.  m , 

2  p.  m 

3  p.  m 

4  p.  m 

5  p.  m 

6  p.  m 

7  p.  m 

8  p.  m 

9  p.  m 

10  p.  m 

11  p.  m 

12  p.  m 

11.  Ip.  m , 

2a.  m 

3a.  m 

4  a.  m 

-    5  a.  m 

6  a.  m 

7  a.  m 

8  a.  m 

9  a.  m 

10  a.  m 

11  a.  m 

12m 

1  p.  m 

2  p.  m 

3  p.  m 

4  p.  m 

5  p.  m 

6  p.  m 

7  p.  m 

8  p.  m 

9  p.  m 

10  p.  m 

11  p.  m 

12  p.  m  ...-». 

12.  la.  m 

2  a.  m 

3  a.  m 

4  a.  m 


FkL 

6.93 

6.95 

7.13 

7.19 

7.25 

7.39 

7.39 

7.40 

7.54 

7.62 

7.60 

7.67 

7.43 

7.47 

7.5 

7.42 

7.3 

7.3 

7.3 

7.37 

7.33 

7.31 

7.23 

7.26 

7.18 

7.18 

7.17 

7.08 

7.00 

6.96 

6.89 

6.86 

6.83 

6.79 

6.81 

6.73 

6.71 

6.63 

6.59 

6.55 

6.51 


Flow. 

StCycttm 

31.450 


31 

32, 

33 

33 

34 

34 

34 

35 

35 

36, 

36 

34, 

34, 

36, 

34 

34 

34 

34 

34, 

34, 

33, 

33 

32, 

33 

33 

33 

32, 

31 

31 

31 

31 

30, 

30, 

30, 

30, 

30, 

29 

29, 

29, 

28 


650 
800 
160 
500 
460 
460 
600 
350 
800 
700 
600 
660 
960 
100 
700 
460 
160 
160 
300 
100 
900 
460 
526 
100 
100 
300 
450 
960 
700 
260 
060 
850 
600 
700 
200 
100 
600 
350 
100 
800 
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Flow  of  Passaic  River  at  Dundee  danij  190S — Continued. 


Date  and  hour. 


Oct.  12.  5  a.  m . 

6  a.  m. 

7  a.  m. 

8  a.  m . 

9  a.  m. 

10  a.  m 

11  a.  m 

12  m.. 
1p.m. 

2  p.  m. 

3  p.m. 
4p.m. 

5  p.  m. 

6  p.  m. 
7p.m. 

8  p.m. 

9  p.m. 

10  p.  m 

11  p.  m 

12  p.  m 
13.  1  a.  m. 

2  a.  m. 

3  a.  m. 

4  a.  m. 

5  a.  m. 

6  a.  m. 

7  a.  m. 

8  a.  m. 

9  a.  m. 

10  a.  m 

11  a.  m 
12m.. 

1  p.  m. 

2  p.  m. 

3  p.m. 

4  p.  m. 

5  p.  m . 

6  p.  m. 

7  p.m. 

8  p.m. 


Gage. 


Feet. 

6.42 

6.42 

6.39 

6.39 

6.25 

6.21 

6.17 

6.05 

6.06 

5.93 

5.89 

5.87 

5.79 

5.77 

5.75 

5.73 

5.63 

5.59 

5.54 

5.49 

5.44 

5.39 

5.35 

5.30 

5.24 

5.21 

5.16 

5.13 

5.08 

5.04 

5.00 

4.94 

4.89 

4.85 

4.84 

4.75 

4.71 

4.66 

4.64 

4.59 


Flow. 


Sec. 
28 
28 
28 
28 
27 
26 
26 
26 
26 
25 
24 
24 
24 
24 
24 
23 
23 
23 
22 
22 
22 
21 
21 
21 
21 
20 
20 
20 
20 
19 
19 

19 
18 
18 
18 
18 
17 
17 
17 
17 


■feeL 
250 
250 
100 
100 
200 
950 
700 
100 
050 
200 
950 
800 
300 
150 
250 
950 
300 
100 
750 
450 
200 
000 
650 
350 
000 
85b 
525 
350 
100 
800 
560 
200 
900 
700 
650 
200 
900 
650 
550 
250 


Date  and  hour. 


Gage.       Flow. 


Oct.  13.  9p.m... 

10  p.  m.. 

11  p.  m.. 

12  p.m.. 

14.  1  a.  m  . . . 

2  a.  m... 

3  a.  m . . . 

4  a.  m . . . 

5  a.  m . . . 
6a.  m... 

7  a.  m . . . 

8  a.  m . .  - 

9  a.  m... 

10  a.  m.. 

11  a.  m . . 

12  m  . . . . 

1  p.  m  . . . 

2  p.  m  . . . 

3  p.  m  . . . 

4  p.  m  . . . 

5  p.  m  . . . 

6  p.  m  . . . 

7  p.  m  . . . 
9  p.  m  . . . 
12  p.  m  . . 

15.  6.30  a.  m 
1  p.  m  . . . 
6.30  p.  m 

16.  6.30  a.  m 
1  p.  m  - . . 
6.30  p.  m 

17.  6.30  a.  m 
1  p.  m  . . . 
6.30  p.  m 

18.  6.30  a.  m 
1  p.  m  . . . 
6.30  p.  m 

19.  6.30  a.  m 
1  p.  m  . . . 
6.30  p.  m 


FeeL 

4.54 

4.51 

4.49 

4.37 

4.37 

4.35 

4.35 

4.33 

4.34 

4.31 

4.27 

4.25 

4.17 

4.08 

4.05 

4.02 

4.02 

4.01 

3.97 

3.94 

3.85 

3.75 

3.75 

3.71 

3.66 

3.50 

3.41 

3.41 

3.00 

3.00 

2.91 

2.5' 

2.5 

2.5 

2.5 

2.41 

2.33 

2 

2 

2 


Sec.-/*rt, 

17,000 

16,  7.iO 

16,  700 

16,000 

16,000 

15, 925 

15,925 

15,800 

15,  a50 

15,700 

15,500 

15,300 

14,900 

14,500 

14,325 

14,150 

14, 150 

14,100 

13,900 

13,  750 

13,300 

12,775 

12,  775 

12, 550 

12,300 

11,525 

11,050 

11,050 

9,125 

9,125 

8,700 

6,900 

6,900 

6,900 

6,900 

6,500 

6,200 

4,900 

4,900 

4,900 
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DAMAGK8. 

GENERAL  8TATEMENTB. 

Estimates  of  flood  damages  are  always  approximations  only.  It  Is 
pK>Hsible  to  determine  with  a  fair  degree  of  assurance  the  cost  of 
replacing  structures  which  have  been  carried  away,  to  estimate  the 
value  of  goods  destroyed — especially  if  they  be  commodities  stored  in 
shopH  or  warehouses — to  calculate  the  amount  of  operatives'  wages  lost, 
and  in  the  case  of  general  mercantile  business  to  estimate  the  dam- 
sges  incurred  through  consequent  reduction  of  trade.  Destruction 
by  flood,  however  vast,  is  incomplete.  It  differs  materially  from 
destruction  b}'  fire,  for  often  destructible  property  is  of  value 
after  floods  have  passed.  Buildings  which  are  inundated  still  retain 
value,  and  many  kinds  of  merchandise  are  not  totally  destroyed. 
Therefore  when  the  amount  of  damages  is  calculated  there  is  always 
to  be  taken  into  consideration  the  fact  that  a  part  of  the  material  which 
has  been  flooded  can  be  reclaimed,  and  retains  some  proportion,  at 
least,  of  the  value  which  it  had  previously  possessed.  Furthermore, 
damages  by  flood  enter  into  practically  every  detail  of  social  and  bus- 
iness affairs.  There  are  losses  which  are  severe  to  one  or  more  per- 
sons, and  which  can  not  be  appreciated  except  by  those  whom  the 
floods  have  actually  overtaken.  Therefore  estimations  of  flood  dam- 
ages can  be  only  approximate,  and  while  a  measure  of  accuracy  may 
be  reached  with  respect  to  a  part  of  the  losses,  there  remains  a  neces- 
sity for  approximation  which  can  not  be  classed  with  carefully  com- 
puted damages  along  other  lines. 

HIGHLAND    TRIBUTARIES. 

Along  the  three  northern  tributaries,  the  fiamapo,  Wanaque,  and 
Pequanac,  and  at  their  confluence  with  the  Pompton,  the  destruction 
by  flood  waters  was  far  greater  than  along  the  Kockaway,  Whippany, 
and  upper  Passaic,  or  in  that  area  described  as  the  Central  Basin.  In 
the  drainage  areas  of  the  three  tributaries  last  mentioned  the  waters 
were  higher  than  in  the  flood  of  1902,  but  the  general  effects  were  of 
the  same  nature,  and  consisted  principally  of  flooded  lands,  houses, 
and  washouts.  There  were  few  radical  cases  of  complete  destruction 
like  those  which  marked  the  course  of  the  flood  in  the  northern  tribu- 
taries. The  principal  interest  is  therefore  confined  to  the  Pompton 
and  the  three  highland  tributaries  which  discharge  into  it. 

Ramapo  River. — The  greatest  destruction  was  along  the  Ramapo. 
It  is  the  largest  of  the  upland  branches,  and  was  therefore  the  heaviest 
contributor  to  the  main  stream.  Throughout  the  flood  period  the 
stream  was  especially  violent,  causing  great  apprehension  in  the  lower 
valley^. 
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The  destruction  along  several  stretches  of  the  valley  was  almost 
complete.  Nearly  all  the  dams  failed,  and  every  bridge  across  the 
river,  with  one  exception,  was  carried  away.  Some  small  villages 
were  swept  bare,  and  the  damages  to  realty  value  and  personal  prop- 
erty were  excessive. 

It  was  only  by  strenuous  measures  that  the  dam  impounding  the 
waters  of  Tuxedo  Lake  was  saved.  If  this  had  failed  the  destruction 
along  the  entire  course  of  the  river,  even  to  the  cities  in  the  lower 
valley,  would  have  been  enormously  increased. 

The  dam  at  Cranberrj^  Pond,  in  Arden,  failed  in  the  early  part  of 
the  storm,  the  flood  waters  disabling  the  Tuxedo  electric-light  plant 
and  inundating  the  Italian  settlements  along  the  river  below.  The 
failure  of  the  dam  conserving  the  waters  of  Nigger  Pond,  which  lies 
at  the  head  of  a  small  tributary  emptying  into  the  Kamapo  l>elow 
Tuxedo,  resulted  in  the  inundation  of  Bamapo  village.  The  village  of 
Sloatsburg  was  practically  obliterated. 

The  damage  at  Pompton  Lakes  was  especially  severe.  During  the 
early  part  of  the  flood  the  timber  dam  of  the  Ludlum  Steel  and  Iron 
Company,  which  raised  the  water  to  a  height  of  27  feet,  and  afforded 
7.04  horsepower  per  foot  fall,  was  carried  away  with  a  part  of  the 
headrace.  (See  PI.  II,  A,)  This  sudden  emptying  of  Pompton  Lake, 
an  expanse  of  196  acres  (see  PI.  II,  i?),  was  extremely  destructive  to 
Pompton  Plains,  and  the  destruction  of  the  dams  above  on  Rainapo 
River,  which  followed  some  time  after  the  bursting  of  the  lower  dam, 
refilled  Pompton  Lake  above  its  former  level,  and  caused  greater  dam- 
age than  that  which  resulted  from  the  failure  of  Pompton  dam  itself. 
The  large  iron  bridge  just  below  the  dam  was  carried  away,  with  the 
stores  of  the  Ludlum  Steel  and  Iron  Company.  The  river  front  along 
this  company's  property  was  destroyed,  along  with  coal  docks  at  the  head 
of  Morris  Canal  feeder.  The  channel  of  the  river  below  the  dam  is  filled 
with  debris,  which  will  raise  the  height  of  the  water  in  the  tailracc,  and 
unless  it  is  cleared  will  diminish  the  available  power  at  the  iron  works. 
It  has  been  authoritatively  announced,  however,  that  the  power  facil- 
ities will  not  be  restored,  as  the  Ludlum  Steel  and  Iron  Company  is 
preparing  to  use  steam  power  exclusively. 

Peqxianac  and  Wa7iaque  rive7*8. — Along  Pequanac  River  the  prin- 
cipal damage  consisted  of  washed-out  roads  and  destroyed  bridge^s. 
The  large  ponded  area  in  this  basin  was  practically  full  at  the  time  of 
the  flood,  and,  as  measurements  at  Macopin  dam  show,  the  run-off  per 
square  mile  was  extremely  large.  In  the  Wanaque  drainage  area  the 
storage  facilities  afforded  at  Greenwood  Lake  were  probably  useful  in 
holding  back  a  part  of  the  water  for  a  brief  period,  but  the  damages 
along  the  stream  are  comparable  to  those  of  the  Pequanac. 

The  effect  of  the  flow  from  these  two  streams,  added  to  that  of  the 
Ramapo,  was  particularly  disastrous  over  the  Pompton  Plains.    Three 
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bridges  at  Pompton  station,  over  Wanaque  and  Pequanac  rivers,  were 
carried  away,  and  in  the  end  one  bridge  only  remained  over  Pompton 
Kiver,  that  at  Pequanac  station.  In  all  about  100  houses  were  inun- 
dated on  Pompton  Plains,  and  the  damage  to  roads  and  culverts  was 
particularly  severe. 

The  total  loss  in  the  drainage  area  of  Pompton  River  was  $350,(KX). 

CENTRAL  BASIN. 

Over  the  Central  Basin  there  was  the  usual  impounding  of  flood 
waters,  but  the  effects  were  not  materially  different  from  those 
described  in  the  report  on  the  flood  of  1902.  The  damage  along  this 
basin  from  floods  of  this  character  is  accumulative  by  reason  of  the 
fact  that  the  presence  of  water  over  the  land  for  so  long  a  period 
kills  the  desirable  feed  grasses  and  fosters  in  their  place  the  coarse 
meadow  grass.  This  effect  has  been  observed  for  some  years,  par- 
ticularly since  the  flood  of  1896.  It  is  estimated  that  over  the  Central 
Basin  the  damage  to  crops  and  arable  land  alone  arising  from  the 
floods  of  1902  and  1903  amounts  to  *300,000.  A  statement  of  the 
damage  arising  from  the  later  flood  can  not  separately  be  made, 
as  its  effect  upon  the  fertility  of  the  meadow  lands  can  not  be 
determined  without  the  experience  of  a  planting  season. 

IX)WER  VALLEY. 

The  flow  of  the  stream  through  the  constricted  channel  at  Little 
Falls  and  on  to  Great  Falls  at  Paterson  is  given  in  the  weir  measure- 
ments on  page  17.  It  was  attended  by  comparatively  large  dam- 
ages, the  features  of  which  were  not  materially  different  from  those 
described  in  the  previous  report.  The  pumping  station  of  the  East 
Jersey  Water  Company,  situated  just  below  Little  Falls  dam,  did  not 
suffer  as  severely  as  during  the  previous  flood,  by  reason  of  the  fact 
that  extensive  and  effective  barricades  were  placed  so  as  to  keep  a 
large  part  of  the  water  away  from  the  pumps.  This  was  not  accom- 
plished in  the  flood  of  1902.  The  total  damage  in  this  district 
amounted  to  nearly  $200,000. 

The  channel  contours  were  ch&nged  somewhat  in  this  portion  of  the 
stream.  In  the  river  at  the  pumping  station  of  the  East  Jersey  Water 
Company  there  was  completed  a  somewhat  interesting  cycle  of  changes, 
described  in  the  following  extract  of  a  letter  from  Mr.  G.  Waldo 
Smith,  chief  engineer  for  the  New  York  aqueduct  commissioners, 
and  formerly  engineer  and  superintendent  of  the  East  Jersey  Water 
Company: 

"No  better  illustration  of  the  old  adage,  'The  river  claims  its  own,' 
could  be  given  than  that  offered  by  the  action  of  Passaic  River  at 
Little  Falls,  New  Jei-sey,  at  the  point  where  the  works  of  the 
East  Jersey  Water  Company  have  been  constructed.     These  works 
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were  built  between  1897  and  1900.  In  the  course  of  the  work  the 
river  channel  for  a  distance  of  several  thousand  feet  down  stream  from 
the  power  house  was  drained  and  improved,  so  that  the  head  on  the 
wheels  at  the  ordinary  stage  of  the  river  was  increased  about  6  feet 
From  the  time  this  improvement  was  completed  to  March,  1902, 
through  the  action  of  the  ordinary  flow  of  water  and  moderate  floods, 
this  head  had  been  reduced  about  one-third.  The  great  freshet  of 
March,  1902,  cut  off  about  another  third,  and  the  recent  flood  has 
completed  the  cycle  and  entirely  wiped  out  the  benefit  due  to  the  river 
improvement,  and  the  water  at  the  pumping  station  stands  now  at 
almost  precisely  the  same  level  that  it  stood  before  any  improvements 
were  undertaken.  New  bars  were  formed  in  approximately  the  same 
location  as  the^'^  existed  before,  and,  so  far  as  possible,  except  for  the 
changed  conditions  brought  about  by  the  building  of  the  power  station, 
the  condition  of  the  river  is  not  dissimilar  to  that  existing  when  the 
work  was  commenced. 

^*In  this  connection  it  might  be  well  to  state  that  a  New  Jersey 
drainage  commission,  in  blasting  out  a  channel  below  the  Little  Falls 
dam  some  years  ago,  dumped  a  considerable  portion  of  the  excavation 
in  the  deep  water  under  the  Morris  Canal  viaduct. 

"The  action  of  the  two  great  floods,  March,  1902,  and  October, 
1903,  has  washed  a  large  part  of  this  material  out  of  this  deep  hole 
and  piled  it  up  in  the  river  about  300  feet  below  where  the  river 
widens,  and  reduces  the  force  of  the  current. 

"1  have  made  no  estimate  of  the  amount  of  material  deposited  in 
the  river,  but  offhand  should  say  that  it  would  be  at  least  100,000 
yards." 

Patersoii. — The  flood  district  in  the  city  of  Paterson  (see  PL  III) 
comprised  196  acres  and  involved  the  temporary  obstruction  of  10.3 
miles  of  streets.  Along  the  streets  close  to  the  river  banks  the  height 
of  water  was  12  feet,  sufficient  to  inundate  the  first  floors  of  all  the 
buildings  (see  PI.  I,  B)^  and  in  some  cases  to  reach  to  the  second  floor. 
During  this  flood  period  householders  who  remained  at  their  homes 
were  compelled  to  use  boats,  while  in  the  more  exposed  places  the 
danger  was  too  great  to  admit  of  remaining,  and  at  one  time  1,200  per- 
sons were  housed  and  fed  in  the  National  Guard  armory  at  Paterson. 

The  bridges  crossing  Passaic  River  in  Passaic,  Essex,  and  Bergen 
counties  were  almost  completely  destroyed,  and  the  damage  amounted 
to  $654,811.  Within  the  limits  of  Paterson,  below  Great  Falls,  all  of 
the  highway  bridges  except  two  were  either  severely  damaged  or  com- 
pletely carried  away.  West  street  bridge,  the  first  below  the  falls,  was  a 
Melan  concrete,  steel-arch  structure,  built  in  1897,  and  costing  $65,000.  - 
It  was  composed  of  three  spans,  each  about  90  feet  long.  The  flood 
practically  split  two  spans  longitudinally,  the  upstream  side  of  each, 
equal  to  about  one-third  of  the  width  of  the  bridge,  being  carried 
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away.  This  structare  was  built  to  conform  to  the  established  grades 
of  streets  on  both  sides  of  the  river  and  was  completely  inundated, 
forming  a  barrier  for  floating  debris  and  practically  making  a  dam  in 
the  river.  Main  street  bridge  is  a  8-span,  steel-arch  structure,  which 
was  completely  covered  during  the  flood,  but  was  only  slightly  injured. 
Arch  street  bridge,  built  in  1902  to  take  the  place  of  a  structure 
carried  away  by  the  March  flood,  was  a  concrete-arch  bridge  of  three 
spans.  It  was  undermined  at  the  north  pier  and  collapsed,  being 
practically  destroyed.  The  original  cost  of  this  bridge  was  $34,000. 
Its  piers  presented  a  serious  obstruction  to  the  flow  of  the  stream, 
especially  as  the  channel  is  very  narrow  at  this  point.  In  addition  to 
this,  the  bridge  was  of  low  grade  and  admirably  adapted  for  deterring 
flood  flow.  Below  Arch  street  bridge  all  the  other  structures  crossing 
the  Passaic  were  of  iron  and  were  carried  away,  with  the  exception  of 
Sixth  avenue  and  Wesel  bridges.  Those  destroyed  were  designated 
as  follows:  Straight  street,  Hillman  street,  Moffat,  Wagaraw,  Fifth 
avenue.  East  Thirty-third  street,  and  Broadway  bridges.  All  these 
structures  were  built  too  low,  and  were  inundated  during  the  early 
stages  of  the  flood. 

The  damage  to  real  property,  stock,  and  household  goods  in  the 
city  of  Paterson  amounted,  according  to  certified  returns,  to  about 
§2,700,000.  It  is  impossible  to  secure  correct  figures,  because  mer- 
chants and  manufacturers  refuse  to  give  details  of  losses,  fearing  that 
the  publication  thereof  would  affect  their  credit.  General  ideas  con- 
cerning the  destruction  by  the  flood  can  be  gathered  from  Pis.  I,  i?, 
Ill,  IV,  V,  and  VI. 

Passaic  and  vicinity, — Below  the  city  of  Paterson  destruction  was 
as  complete  as  in  Paterson,  although  the  damage  was  not  as  great 
because  the  improvements  were  not  as  valuable.  Damage  to  prop- 
erty, exclusive  of  public  works,  in  this  region,  amounted  to  about 
$1,250,000.  This  estimate  does  not  take  into  consideration  losses  by 
manufacturers  arising  from  destruction  of  raw  materials  or  finished 
products.  The  flood  was  about  4^  feet  higher  than  that  of  1902.  (See 
PL  VU,  A,) 

On  the  right  bank  of  Passaic  River,  in  the  city  of  Passaic,  the  dam- 
age was  severe,  especially  to  manufacturing  plants.  In  addition  to 
the  flood  in  the  Passaic  itself,  the  bursting  of  Morris  Canal,  a  few 
miles  east  of  Passaic,  flooded  Wesel  Brook,  which  in  Passaic  is  used 
as  the  tail-race  of  the  Dundee  Power  Company.  The  capacity  of 
Wesel  Brook  channel  is  limited,  and  the  extraordinary  amount  of 
water  which  was  turned  into  it  carried  away  all  culverts  and  bridges 
from  Bichfield  to  Passaic. 

Below  Passaic,  along  the  river  front  of  Essex  County,  the  damages 
to  bridges  amounted  to  $50,000.  (See  PI.  VII,  B.)  The  loss  due  to 
washouts  in  roads  throughout  the  county  amounted  to  $15,000.     The 
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effects  of  the  flood  were  apparent  along  the  entire  length  of  the  rirer 
and  into  Newark  Bay.  The  damage  from  inundation  in  Newark  and 
vicinity  amounted  to  $753,199. 

The  figures  above  given  with  reference  to  damage  along  Passaic 
River  are  uncommonly  accurate,  being  for  the  most  part  the  result  of 
a  house-to-house  canvass  by  the  northern  New  Jersey  flood  commis- 
sion. As  has  been  stated  above,  tradesmen  are  reluctant  to  give  full 
details  with  reference  to  their  losses  through  fear  of  injured  credit. 
Roughly  estimating  the  damage  as  a  whole,  and  taking  into  considera- 
tion factors  which  were  given  to  the  writer  confidentially,  the  damage 
throughout  the  drainage  area  from  this  flood  will  amount  to  not  less 
than  $7,000,000. 

PREVENTIVE  MEASURES. 

GENERAL   DISCUSSION. 

In  the  consideration  of  means  of  preventing  damages  by  floods  every 
plan  proposed  falls  under  one  of  two  general  heads — the  storage  of 
flood  waters  or  an  increase  in  the  capacity  of  the  streams. 

The  first  plan  involves  the  construction  at  selected  localities  of  res- 
ervoirs of  sufficient  size  to  hold  all  or  a  greater  part  of  the  waters 
which  run  over  the  surface  during  and  after  storms.  This  plan  is  not 
practicable  except  where  valleys  or  plains  are  inclosed  by  high  ridges 
and  these  ridges  approach  sufficiently  near  each  other  to  admit  of  the 
economical  construction  of  a  bank  or  dam  across  the  gorge  or  bed  of 
the  stream  which  flows  through,  so  that  the  inclosure  will  be  complete 
and  form  a  water-tight  basin.  Where  such  a  reservoir  exists  the 
water  can  be  held  back  and  gi*adually  let  down  through  properly  pro- 
vided gates  so  that  the  channel  will  not  be  flooded. 

For  flood  purposes  alone  it  would  be  necessary  to  provide  reservoirs 
of  sufficient  capacity  to  contain  the  run-oflf  waters  resulting  from  the 
largest  storms.  With  such  provisions  it  would  be  necessary  to  entirely 
empty  the  reservoir  as  soon  as  possible  after  a  storm  had  passed 
and  leave  its  full  capacity  available  for  the  next  storm.  It  is  there- 
fore better,  wherever  possible,  to  provide  a  reservoir  capacity  con- 
siderably larger  than  that  represented  by  the  run-ofl[  from  the  heaviest 
storms,  so  that  water  may  be  stored  for  use  as  power  or  domestic 
supply.  With  such  provision  it  is  necessaiy  merely  to  draw  from  the 
reservoir  water  to  a  depth  equivalent  to  the  stream  run-oflf  in  the 
drainage  area  above. 

The  second  plan  for  prevention  of  flood  damages  involves  provisions 
for  letting  the  flood  water  out  rapidly  by  removing  obstructions  to  its 
flow  by  straightening  and  deepening  the  channels  and  providing  long 
embankments,  dikes,  or  levees  which  rise  above  the  ordinary  river 
level  to  a  height  exceeding  that  of  the  stream  during  its  highest  floods. 
This  plan  is  most  genemlly  followed  in  the  case  of  large  rivers  like 
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the  Mi^issippi,  where  the  contributing  area  is  enormous  and  the  con- 
servation of  the  waters  would  be  impracticable  even  if  the  nature  of 
the  country  would  admit  of  the  construction  of  reservoirs.  In  Switz- 
erland, where  the  torrents  oc^casioned  by  the  rapidly  melting  snows 
are  especially  destructive,  the  flood  waters  are  confined  by  a  series  of 
parallel  dikes  on  each  side  of  the  river,  which  have  the  effect  of  divid- 
ing the  flow  into  several  parallel  streams.  As  the  main  river  channel 
fills  and  overflows  the  inner  dikes,  the  overflow  water  collects  into  the 
first  series  of  parallel  channels,  and  when  a  height  is  reached  at  which 
the  second  dikes  are  overflowed  the  water  collects  into  the  third,  and 
so  on.  This  gives  an  enormous  carrying  capacity,  the  limit  of  which 
is  approached  slowly,  and  therefore  abundant  opportunity  is  afforded 
for  preparation  upon  the  part  of  the  riparian  owner. 

The  drainage  basin  of  Passaic  River  is  admirably  adapted  to  the 
development  of  the  conservation  system.  At  its  headwaters  in  the 
mountains  of  northern  New  Jersey  are  numerous  sites  for  reservoirs. 
The  comparatively  limited  area  draining  into  Passaic  River  makes 
such  a  scheme  relatively  inexpensive.  On  the  other  hand  there  is 
abundant  opportunity  for  effective  work  in  removing  obstructions 
and  straightening  and  deepening  the  channel  of  the  lower  river.  So 
that,  all  things  considered,  the  prevention  of  flood  damages  in  the 
Passaic  Basin  can  be  best  accomplished  by  a  combination  of  the  two 
general  methods  above  outlined. 

LOWEB  VALLEY  IMPROVEMENTS. 

The  channel  of  Passaic  River  below  Great  Falls,  at  Paterson,  is  of 
limited  capacity.  To  anyone  making  an  inspection,  esi^ecially  within 
the  city  of  Paterson,  it  is  readily  apparent  that  the  river  bed  has  for 
years  been  considered  a  legitimate  field  for  encroachment.  Owners 
of  lands  fronting  on  the  river  have  increased  their  holdings  by  filling 
in  beyond  the  channel  line.  Buildings  have  been  erected  upon  these 
tracts  and  the  builders  have  not  hesitated  to  extend  retaining  walls 
still  farther  into  the  river  bed.  Refuse  from  the  city's  streets,  light 
and  unstable  in  character,  has  been  freely  deposited  upon  the  bank  to 
be  carried  out  into  the  river.  Thus  the  channel  has  been  constricted 
laterally,  the  bottom  raised,  and  there  is  left  for  the  flood  waters  no 
alternative  than  that  of  extending  themselves  in  the  upward  direction. 
It  would  seem  that  this,  at  least,  should  have  been  unobstructed. 
Such,  however,  is  not  the  case. 

The  bridges  across  the  Passaic  have  apparently  been  erected  without 
reference  to  channel  capacity.  The  authorities  have  evidently  con- 
sidered it  more  important  to  retain  established  approach  levels  than 
to  provide  proper  capacity  for  river  water.  As  an  example  the  fol- 
lowing instance  may  be  cited:  During  the  flood  of  1902  a  steel  truss 
bridge  across  the  river  in  Patei*son  was  carried  away.    The  point  of 


32  THE   PASSAIC   FLOOD   OF   1903.  '  [no  «. 

The  Pompton  River  has  a  drainage  area  above  Mountain  View  of  420  square  uiiio. 
It  is  formed  near  the  head  of  the  basin  by  the  confluence  of  the  Pequanac  from  the 
northwest,  the  Wanaque  from  the  north,  and  the  Ramapo  from  the  northeast.    ♦    ♦   * 

The  entire  flow  from  this  watershed  may  be  stored  by  building  a  dam  acroaa  the 
gap  at  Mountain  View  and  converting  Pompton  Plains  into  a  great  lake  covering  an 
area  of  21  square  miles.  The  elevation  of  the  river  at  the  gap  is  168  feet  The  slope;! 
in  the  basin  being  gentle  up  to  an  elevation  of  220  feet  and  abrupt  beyond  it,  it  will 
be  advisable  to  take  this  as  the  minimum  or  low- water  level  of  our  reservoir.  It  iij 
generally  estimated  that  25  per  cent  of  the  volume  of  the  mean  annual  niin  on  a 
given  catchment  is  sufficient  reser\^oir  capacity  to  fully  utilize  the  flood  flows.  AVe 
have  long  series  of  observations  of  rainfall  at  three  points,  which  may  be  taken  to 
fairly  represent  the  Passaic  catchment.  At  Newark  the  mean  annual  rainfall  is  4(^2 
inches,  at  Paterson,  50  inches,  and  at  Lake  Hopatcong,  42.  The  last  lieing  on  the 
Highlands,  like  most  of  our  watersheds,  ib  perhaps  the  safest  to  use.  Now,  25  ]«er 
cent  of  42.5  inches,  10.62  inches,  which,  on  420  square  miles,  give  a  volume  of 
10,362,000,000  cubic  feet,  the  necessary  capacity  of  reservoir. 

By  raising  our  reservoir  to  240  feet  when  full  we  secure  a  capacity  of  10,493,000,000 
cubic  feet,  or  ample  to  utilize  the  heaviest  floods  of  the  watershed.  This  gives  a 
beautiful  sheet  of  water  21.1  square  miles  in  area,  with  bold,  rocky  shores,  and  a 
depth  at  dam  of  72  feet.  We  secure  the  above  capacity  by  uncovering  but  22  per  cent 
of  the  reservoir  bottom;  and,  as  we  shall  presently  see,  we  shall  rarely  need  more 
than  half  this  storage,  and  probably  not  oftener  than  once  in  ten  years  will  we  expoee 
over  10  per  cent  of  the  area.  By  building  side  dams  to  keep  certain  flats  always 
flowed  this  may  be  reduced  to  5  per  cent;  and  this  area  will  be  pretty  evenly  dis- 
tributed around  36  miles  of  uninhabited  shore  line,  leaving  the  reservoir  open  to  no 
valid  sanitary  objections.  On  the  contrary,  by  relieving  the  remainder  of  the  I*as- 
saic  Basm  of  the  flood  waters  of  the  Pompton,  which  now  flow  large  areas  of  flat  land 
during  wet  seasons,  the  sanitary  condition  of  the  valley  would  be  much  improved. 

In  constructing  this  reservoir  Mr.  Vermeule  stated  that  the  follow- 
ing work  would  be  necessary: 

The  removal  of  the  Delaware,  Lackawanna  and  Western  Railroad  from  the  basin 
by  changing  the  alignment  for  6  miles.  It  may  be  done  without  increase  of  length 
or  detriment  to  the  alignment. 

Three  and  one-fourth  miles  of  the  Morris  Canal  must  be  rebuilt  No  engineering 
difiiculties  are  involved. 

Of  the  New  York  and  Greenwood  Lake  Railway,  9  miles  would  have  to  l)e  rebuilt. 

The  New  York,  Susquehanna  and  Western  Railroad  would  be  slightly  shifted  or 
raised  for  3}  miles. 

A  dam  2,400  feet  long  and  80  feet  in  height,  with  tunnels,  waste  weir,  and  acoesBory 
works  would  be  required  at  Mountain  View.  The  situation  is  such  that  an  ample 
wasteweir  may  be  built  at  a  low-side  dam  on  the  solid  rock  of  Hook  Mountain  remote 
from  the  dam,  and  outlets  may  be  had  by  tunneling  the  same  ridge.  Hence  the  dam 
may  be  a  plain,  heavy  earthen  embankment;  built,  of  course,  with  every  precaution 
but  subject  to  less  than  the  usual  dangers  of  such  works.  However,  a  masonry  dam 
might  readily  be  substituted. 

There  would  be  14,000  acres  of  arable  land,  swamps,  and  rough  mountain  laud 
flowed. 

The  works  are  estimated  to  cost  as  follows: 

Railroad  and  canal  diversions $506, 000 

Dam  and  accessory  works 1, 162, 000 

Land  damages 1, 400, 000 

Total 3,067,000 
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A  recomputation  of  the  drainage  area  above  Mountain  View,  made 
b^'  the  northern  New  Jersey  flood  commission,  shows  that  it  is  380 
square  miles  in  extent.  It  was  decided  by  this  commission  that  the 
construction  of  this  reservoir  would  be  the  most  approved  method  of 
preventing  disastrous  floods  in  the  lower  valley  of  the  Passaic.  By 
raising  a  dam  to  a  height  of  302  feet  above  tide,  8  inches  of  water  on 
the  drainage  area  above  might  be  held  back,  which,  it  was  believed, 
would  be  a  sufficient  maximum  for  flood  catchment  With  this  amount 
of  storage  the  estimates  of  the  flood  commission  showed  that  the 
remainder  of  the  drainage  area  would  not  turn  a  sufficient  amount  of 
water  into  the  lower  valley  channel  to  cause  flood  damages. 

It  was  also  demonstrated  by  the  flood  commission  that  by  increasing 
the  height  of  the  dam  an  opportunity  would  be  aflforded  for  conserving 
water,  and  at  the  maximum  height  of  220  feet  above  tide  suflicient 
storage  capacity  would  be  available  to  provide  5,000  horsepower  at 
Liittle  Falls,  Great  Falls,  and  Dundee  dam  throughout  all  dry  seasons. 
The  value  of  such  a  storage  reservoir  for  municipal  water-supply 
purposes  is  self-evident. 

The  cost  of  Mountain  View  reservoir  would  be  about  $3,340,000. 
Developed  for  flood  catchment  with  the  spillway  of  the  dam  at  202 
feet  above  sea  level  the  area  of  the  reservoir  would  be  13.4  square 
miles,  and  the  storage  capacit}^  7,200,000,000  cubic  feet. 

RAMAPO   SYSTEM. 

Along  the  Ramapo  Valley  there  are  alternative  propositions,  one  of 
which  involves  the  construction  of  a  dam  below  Darlington  and 
another  across  the  head  of  Pompton  Lake. 

In  either  case  the  water  might  be  raised  to  the  300-foot  contour,  and 
if  the  dam  across  Pompton  Lake  were  constructed  a  continuous  lake 
would  be  formed  extending  lOi  miles  to  Hillbum,  N.  Y.  The  improve- 
ment in  either  case  would  be  positive,  for  as  the  country  surrounding 
is  hilly  or  mountainous  it  affords  excellent  op]:x)i'tunity  for  the  location 
of  summer  homes  and  parks,  the  lake  being  a  potent  factor  in  beauti- 
fying the  situation  and  increasing  the  value  of  the  surrounding  region. 
There  are,  nevertheless,  several  things  to  be  taken  into  consideration, 
the  most  important  of  which  are  the  improvements  which  have  been 
made  by  wealthy  residents  along  the  valley  where  it  has  already  been 
developed  as  a  summer  resort. 

By  the  construction  of  a  dam  at  Darlington  1,100  feet  long  and  70 
feet  high,  the  water  would  be  raised  to  the  300-foot  contour.  The 
reservoir  would  have  a  water  area  of  2,064  acres,  and  the  approximate 
storage  capacity  of  2,325,000,000  cubic  feet. 

A  dam  across  the  head  of  Pompton  Lake  2,850  feet  long  and  100 
feet  high  would  raise  the  surface  of  the  proposed  lake  to  the  300- foot 
contour.  This  reservoir  would  have  an  area  of  6.19  square  miles  and 
IKR  92—04 3 
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a  capacity  of  6,300,000,000  cubic  feet,  equal  to  17.5  inches  run-oflf  from 
the  drainage  area.  Here  the  measure  of  safety  is  wide,  and  if  there 
were  drawn  from  the  lake  an  amount  of  water  equal  to  12  inches  on  the 
drainage  area  there  would  still  be  5.5  inches  which  could  be  used  for 
compensating  purposes. 

The  constiTiction  of  either  one  of  the  above-described  reservoirs 
would  involve  interstate  complications,  as  the  300-foot  contour  in 
Ramapo  Valley  includes  a  considerable  part  of  the  State  of  New  York. 
This  obstacle  was  deemed  insurmountable  by  the  northern  New  Jersey 
flood  commission,  and  that  commission  directed  studies  to  a  reservoir 
w^hich  at  the  time  of  maximum  flood  would  not  back  wat-er  into  New 
York  State  to  a  greater  height  than  it  already  rises  during  such  floods. 
The  following  description  is  taken  from  the  report  of  the  engineering 
committee  of  the  flood  commission: 

An  admirable  dam  pite  is  offered  on  Ramapo  River  about  2  miles  above  Oakland 
village.  The  drainage  area  tributary  to  this  point  is  about  140  square  mile?  in 
extent,  the  country  for  the  most  part  being  quick-spilling  and  upland.  By  comstruot- 
ing  there  a  dam  700  feet  long  and  65  feet  high  a  resen'oir  with  a  water  surface  of  2.*^ 
square  miles  would  be  afforded,  the  flow-line  elevation  being  280  feet  alx^ve  tide. 
The  capacity  of  such  a  reservoir  would  be  1,768,000,000  cubic  feet,  equal  to  about 
5.5  inches  on  the  drainage  area. 

WANAQUE  SYSTEM. 

Near  the  headwaters  of  Wanaque  River  is  Greenwood  Lake,  a  large 
body  of  water  described  in  Water-Supply  Paper  No.  88.  Its  value  as  a 
flood  catchment  basin  is  somewhat  uncertain,  as  it  is  used  as  a  storage 
feeder  for  Morris  Canal.  The  surface  level  of  this  lake  is  controlled 
by  gates,  which  naturally  are  operated  by  the  canal  authorities  for  the 
benefit  of  the  canal.  Therefore  it  is  the  object  to  stoi-e  as  great  a 
volume  of  water  as  possible,  and  the  water  falls  below  the  dam  crest 
at  the  outlet  of  the  lake  only  when  the  dam  opens  in  dry  seasons  and 
makes  it  necessary  Under  such  conditions  there  is  no  certaint}'  that 
storage  capacity  will  be  available  during  the  time  of  a  great  storm, 
and  in  fact  Greenwood  Lake  has  been  overflowing  at  the  commence- 
ment of  the  storms  which  caused  both  of  the  recent  floods. 

In  view  of  the  condition  expressed  above  it  will  be  necessary  in 
providing  for  flood  catchment  in  the  Wanaque  drainage  area  to  omit 
entirely  from  consideration  the  possibility  of  assistance  from  Green- 
wood Lake.  Below  this  point  in  the  basin  are  several  sites  at  which 
could  be  raised  dams,  which  would  effectually  retain  a  large  propor- 
tion at  least  of  storm  run-off.     Thev  mav  be  described  as  follows: 

Mldvale  7'esenjoir, — By  building  a  dam  60  feet  high  and  1,200  feet 
long  across  Wanaque  River  near  Midvale,  a  reservoir  would  be  formed 
which  would  have  a  water  surface  of  2.1  square  miles  and  a  capacity  of 
1,491,000,000  cubic  feet.  The  drainage  area  above  this  site  is  83  square 
miles,  and  the  storage  capacity  would  therefore  be  equal  to  about  7. 7 
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inches  on  the  drainage  area.  The  construction  of  this  project  would 
involve  the  relocation  of  about  4i  miles  of  the  New  York  and  Green- 
wood Lake  Railroad;  the  damages  apart  from  this  would  be  nominal, 
the  cost  of  the  entire  reservoir  construction  being  about  $1,000,(.K)0. 

Ringwood  reservoir. — Ringwood  Creek  runs  through  a  gorge  about 
1  mile  above  its  confluence  with  the  Wanaque.  Above  this  is  a  well- 
defined  basin.  A  dam  about  70  feet  high  and  585  feet  long  would 
create  a  lake  having  an  area  of  520  acres^  the  surface  of  which  w  ould 
be  380  feet  above  sea  level.  The  drainage  area  tributary'  to  this  point 
has  an  area  of  about  20  square  miles,  and  as  the  proposed  reservoir 
would  have  a  capacity  of  915,800,000  cubic  feet,  there  could  be  con- 
served a  mn-off  of  20  inches.  Allowing  for  a  flood  run-oflf  of  12  inches 
there  would  still  be  available  for  compensating  purposes  8  inches  on 
the  basin,  equal  to  373,550,000  cubic  feet.  The  construction  of  this 
reservoir  would  involve  the  relocation  of  about  2  miles  of  the  Ring- 
wood  branch  of  the  New  York  and  Greenwood  Lake  Railroad,  and 
the  condemnation  of  comparatively  valuable  improvements  in  the 
proposed  basin. 

West  Brfx>k  reservoir. — ^The  drainage  from  5.7  square  miles  might 
}>e  conserved  bv  the  erection  of  a  dam  on  West  Brook,  a  tributarv  of 
Wanaque  River,  which  enters  it  from  the  west.  There  is  an  avail- 
able site  at  which  a  dam  280  feet  high  might  be  erected.  At  this 
ele\'ation  the  length  along  the  top  would  be  about  1,150  feet  and 
about  2,330,000,000  cubic  feet  of  water  would  be  impounded.  Little 
benefit  would  be  derived  from  such  a  reservoir,  as  the  limited  drainage 
area  affords  a  comparatively  small  proportion  of  flood  run-off  that 
might  be  well  cared  for  at  a  lower  point.  For  compensating  purposes, 
however,  a  reservoir  might  be  constructed  here,  the  capacity'  of  which 
could  be  adjusted  to  the  actual  demands.  If  the  dam  were  mised  to  a 
height  of  about  280  feet  from  the  base  the  storage  afforded  would  be 
equal  to  176  inches  on  the  watershed,  or  about  four  average  years  of 
precipitation,  which  is  far  beyond  all  probable  storage  necessities. 
The  maximum  available  storage  capacity  is  given  in  this  case  merelj^ 
to  show  possibilities. 

PBQUANAC  SYSTEM. 

There  are  few  available  reservoir  sites  of  large  size  along  the  lower 
reaches  of  Pequanac  River.  In  the  upper  basin,  however,  there  is  a 
sufficient  available  storage  capacity  to  afford  almost  complete  control 
of  destructive  floods  from  that  part  of  the  drainage  area.  Large  tracts 
are  already  reserved  by  the  city  of  Newark  for  collection  of  municipal 
supph",  and  the  storage  capacity  developed  is  sufficient  to  serve  the 
city  throughout  the  driest  seasons.  The  total  capacity  of  Clinton, 
Oakridge,  and  Canistear  reservoirs  is  about  1,155,000,000  cubic  feet. 
These  basins  are  not  available  for  flood  catchment,  as  the  water  is  used 
for  city  purposes  and  an  endeavor  is  made  to  have  in  stoinige  at  all 
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times  the  largest  possible  amount.  The  condition  is  exactlj  similar  to 
that  described  in  the  case  of  Greenwood  Lake.  In  considering  the 
means  for  the  construction  of  flood-catchment  reservoirs  in  Pequanac 
Basin  there  must  be  taken  into  account  the  conservation  and  delivery 
of  the  Newark  supply.  The  adjustments  with  reference  to  the  amount 
of  water  available  at  Macopin  intake  would  have  to  be  met,  and  if  the 
sj'stem  were  interfered  with  compensation  therefor  would  be  taken 
into  consideration. 

NewfoHndlandresei'Dolr, — Pequanac  River  passes  through  a  deep 
gorge  between  Copperas  and  Kanouse  mountains,  just  below  the  vil- 
lage of  Newfoundland.  This  point  has  been  considered  an  excellent 
site  for  the  construction  of  a  dam,  and  in  the  installation  of  the  present 
water-supply  system  of  Newark  it  is  proposed  that  the  entire  valley 
in  which  Newfoundland  is  situated  be  overflowed.  The  site  is  one  of 
the  most  advantageous  known  for  the  creation  of  a  flood-catchment 
basin.  If  a  dam  .50  feet  high  were  erected  across  this  gorge,  a  lake 
would  be  formed  which  would  have  a  surface  area  of  3.15  square  miles 
and  a  capacity  of  3,267,200,000  cubic  feet,  equal  to  a  storage  of  about 
80.5  inches  on  the  46.12  square  miles  of  contributing  drainage  area. 
This  would  afford  complete  protection  in  case  of  a  sudden  run-oflf  of 
12  inches,  would  provide  for  the  supply  of  the  cit}'^  of  Newark  without 
greatly  disturbing  the  present  storage  system  of  that  city,  and  would 
still  yield  a  large  amount  of  water  for  compensating  purposes  in  diy 
seasons. 

The  construction  of  Newfoundland  reservoir  would  be  verj'  expen- 
sive, as  it  would  inv^olve  the  flooding  of  Newfoundland  Village,  in 
which  there  is  considerable  improved  property.  About  3  miles  of  the 
track  of  the  New  York,  Susquehanna  and  Western  Railroad  would  be 
submerged,  as  well  as  a  considerable  mileage  of  macadamized  high- 
ways. On  the  whole,  however,  the  Newfoundland  reservoir  project 
is  the  most  favorable  which  can  be  found  on  the  Pequanac  Basin. 
There  are  above  this  point  numerous  reservoir  sites,  but  their  combined 
capacity  would  not  be  equal  to  that  of  the  proposed  Newfoundland 
reservoir,  and  the  construction  would  be  probably  quite  as  expensive. 

Stickle  Pond  reservoir. — Below  Newfoundland  there  are  few^  avail- 
able places  at  which  water  could  be  stored.  Stickle  Pond  is  probably 
the  best  adapted  of  any  of  those  available.  If  a  dam  1,050  feet  long  and 
80  feet  high  were  erected  across  the  river  about  1  mile  below  the  present 
outlet  of  Stickle  Pond,  a  lake  would  be  formed  having  a  surface  area  of 
422  acres  and  a  storage  capacity  of  about  800,000,000  cubic  feet.  The 
drainage  area  above  this  dam  would  be  approximately  4  square  miles. 
This  is  a  comparatively  small  amount  of  storage,  yet  it  would  provide 
for  all  flood  catchment  in  that  comparativelj'  limited  area  and  would 
be  of  assistance  at  times  in  compensating  the  dry  flow  of  the  Pequanac. 
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KOCKAWAY   8Y8TBM.  * 

Rockaway  River  offers  a  greater  number  of  available  reservoir  sites 
than  either  of  the  other  highland  tribiitaries  of  the  Pa^aic.  Some  of 
the  reservoirs  which  could  be  constructed  could  be  used  solely  as  catch- 
nient  areas  to  hold  back  flood  waters,  while  the  capacity  of  others 
would  be  so  much  greater  than  any  single  flood  run-off  that  they  might 
serve  also  as  compensating  reservoirs.  A  large  dam  is  now  in  process 
of  erection  at  Old  Boonton,  conserving  a  considerable  amount  for  the 
water  for  the  municipal  supply  of  Jersey  City.  This  reservoir  can  not 
be  depended  upon  as  a  flood-catchment  area,  as  it  will  be  the  aim  of 
those  in  authority  to  maintain  the  water  in  it  as  high  as  possible. 

Powermlh  reservoir, — A  short  distance  above  Boonton  the  erection 
of  a  comparatively  small  dam  would  flood  a  large,  irregular,  flat  basin 
having  an  area  of  a  little  more  than  4i  square  miles  and  extending  up 
the  Rockaway  Valley  to  Rockaway  Village,  up  Beaver  Brook  to  Beech 
Glen,  and  north  and  south  for  considerable  distances.  The  probable 
capacity  of  this  reservoir  has  been  estimated,  and  it  is  fairly  certain 
that  it  is  considerably  more  than  would  be  sufficient  for  flood  catch- 
ment. Its  construction  would,  moreover,  improve  the  entire  valley 
and  be  of  advantage  to  many  interests. 

The  northern  New  Jersey  flood  commission  has  selected  for  investi- 
gation a  reservoir  site  on  Rockaway  River  at  Powerville.  By  the 
erection  of  a  dam  across  the  stream  at  this  point,  28  feet  in  height  and 
470  feet  long,  a  reservoir  4.6  square  miles  in  area,  with  a  capacity  of 
1,565,000,000  cubic  feet,  would  be  afforded.  The  drainage  area  above 
this  point  is  114  square  miles.  The  cost  of  such  a  reservoir  is  esti- 
mated at  $600,000. 

North  from  Powerville,  near  the  confines  of  the  proposed  Power- 
ville reservoir,  there  is  an  available  reservoir  site  along  Stony  Brook. 
By  the  erection  of  a  dam  1,100  feet  long  and  120  feet  high  a  lake 
would  be  formed  645  acres  in  extent,  which  would  serve  as  a  flood- 
catchment  basin  and  a  compensating  reservoir.  This  reservoir  would 
hold  approximately  850,000,000  cubic  feet.  The  construction  of  a 
rci^ervoir  at  this  place  offers  no  engineering  difficulties,  and  the  project 
may  be  regarded  as  extremely  favorable. 

Dixons  Pond,  west  of  Rockaway  Valley  and  northwest  of  Power- 
ville, is  a  small  sheet  of  water  which  lies  in  a  valley  which  might  be 
flooded  to  a  greater  height.  Hy  the  erection  of  a  dam  450  feet  long 
and  80  feet  high  a  lake  of  136  acres  would  be  created,  which  would 
form  a  part  of  the  flood  catchment  and  compensating  service. 

Longwood  Valley  reservoir, — A  large  storage  basin  is  afforded  in 
Longwood  Valley  which,  if  developed  to  its  full  extent,  would  extend 
from  a  point  about  a  mile  below  Lower  Longwood  7  miles  up  the 
headwaters  and  reach  to  about  1^^  miles  above  Petersburg.  An 
alternative  proposition  is  afforded  which  involves  the  submerging  of 
less  than  half  this  area. 
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A  dam  800  feet  long  and  55  feet  high  might  be  erected  across  a 
gorge  about  1  mile  south  of  Petersburg.  There  would  be  formed  a 
lake  of  about  1.247  square  miles,  or  800  acres  in  extent.  The  hamlet 
of  Petersburg  would  be  submerged,  but  the  damages  from  the  destruc- 
tion of  improved  property  would  not  be  very  great,  as  the  improve- 
ments and  the  land  are  not  especially  valuable.  This  reservoir  would 
have  a  capacity  of  About  964,000,000  cubic  feet  and  the  surface  w^ould 
be  at  a  height  of  800  feet  above  sea  level. 

The  alternative  plan,  that  of  using  a  longer  stretch  of  the  valley  for 
reservoir  puiposes,  would  involve  the  construction  about  1  mile  below 
Lower  Longwood  of  a  dam  1,300  feet  long  and  110  feet  high.  The 
reservoir  thus  formed  would  be  1,900  acres  in  extent  and  contain 
approximately  3,447,000,000  cubic  feet.  The  drainage  area  above 
this  dam  is  limited,  and  if  the  reservoir  were  drawn  down  to  an  amount 
equivalent  to  15  inches  upon  the  drainage  area  there  would  still  remain 
an  enormous  amount  of  water  which  could  be  used  in  a  compensatory 
way  to  tide  over  dry  seasons. 

SplUrock  Pond, — By  erecting  a  dam  550  feet  long  and  30  feet  high 
across  a  gorge  at  the  outlet  of  Splitrock  Pond,  a  lake  could  be  formed 
having  an  area  of  625  acres  and  adding  to  the  present  storage  capacity 
of  the  lake  an  amount  approximately  equal  to  475,000,000  cubic  feet, 
equivalent  to  38.75  inches  on  the  drainage  area. 

Thus  it  is  seen  that  if  this  reservoir  were  drawn  down  an  amount 
equivalent  to  15  inches  on  the  drainage  area,  which  would  without 
doubt  give  sufficient  protection  from  all  floods,  there  would  still  remain 
a  storage  capacity  of  23.75  inches  for  compensating  purposes  in  addi- 
tion to  the  amount  now^  available  in  Splitrock  Pond.  This  project  is 
one  of  the  most  attractive  in  the  Rockaway  Basin,  as  the  damages 
which  would  be  caused  by  flooding  would  be,  comparatively  speaking, 
nil.  The  property  is,  however,  now  owned  by  the  East  Jersey  Water 
Company,  and  is  prized  highly  as  a  reservoir  site  by  that  corporation. 

UPPER    PASSAIC    BASIN. 

MUllngton  re^^ervoir. — There  is  an  area  of  swampland,  comprising  a 
part  of  the  drainage  area  of  upper  Passaic  River  above  Millington, 
which  is  known  as  Great  Passaic  Swamp.  It  is  bounded  on  the  south 
by  a  long,  narrow  trap  ridge  known  as  Long  Hill,  the  summit  of 
which  ranges  from  400  to  500  feet  in  elevation,  or  roughly  200  feet 
above  the  border  of  this  swamp.  To  the  northwest  the  land  rises  grad- 
ually toward  Trowbridge  Mountains,  while  to  the  northeast  is  the 
terminal  moraine.  The  outlet  of  Passaic  River  at  Millington  is  by  a 
narrow  gorge,  which  offers  natural  facilities  for  the  erection  of  a  dam. 

The  whole  situation  is  exceptionally  good,  and  the  surface  of  a 
reservoir  might  be  fixed  at  any  elevation  between  240  and  3(K)  feet 
above  sea  level.  With  the  surface  of  the  reservoir  at  300  feet  a  dam 
1,600  feet  long  and  90  feet  high  would  be  required.     This  lake  would 
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have  an  area  of  28.46  square  miles.  The  drainage  area  above  Milling- 
ton  lias,  howev^er,  an  area  of  only  53.6  square  miles,  and  the  proposed 
i-esei^voir  would  therefore  cover  more  than  half  of  this.  Therefore  the 
conservation  of  so  large  a  quantity  of  water  would  not  be  necessary  nor 
advisable,  unless  the  beautifying  of  the  surrounding  country  were  an 
object  to  be  taken  into  consideration,  which  might  be  profitable. 

A  better  project,  however,  would  be  to  construct  a  dam  at  Milling- 
ton  9<X)  feet  long  and  50  feet  high,  the  crest  being  about  260  feet 
above  sea  level.  There  would  be  formed  a  lake  with  an  area  of  19.41 
square  miles,  and  a  capacity  of  1,477,600,000  cubic  feet,  equal  to  9.864 
feet  on  the  drainage  area.  This  project  is  too  great  for  the  necessities 
here  presented,  and  would  not  be  wisely  considered  unless  it  were 
found  advantageous  to  improve  the  countr\^  generally  as  a  place  of 
suburban  residence.  The  land  which  would  be  flooded  with  the  reser- 
voir crest  at  260  feet  is  of  a  wet,  swampy  character,  and  it«  value  for 
agricultural  purposes  is  somewhat  doubtful.  Such  construction  would 
involve  the  flooding  of  13  miles  of  road,  which,  however,  would  not 
involve  a  great  loss  of  invested  capital,  as  the  roads  generally  are  of  a 
poor  character. 

A  second  alternative  would  involve  the  construction  of  a  dam  across 
the  Millington  gorge,  650  feet  long  and  30  feet  high,  raising  the 
water  to  240  feet  above  sea  level  and  creating  a  lake  of  14.40  square 
miles.  This  would  conserve  4,026,000,000  cubic  feet,  equ£^l  to  2.69 
feet  on  the  drainage  area.  This  would  be  ample  for  flood  purposes 
and  would  still  afford  a  large  impounded  area,  as  the  drawing  off  of  an 
amount  equal  to  10  or  even  15  inches  on  the  watershed  would  not 
reduce  the  size  of  the  lake  to  any  great  extent. 

The  whole  project  here  presented  involves  few  difficulties,  and  as 
the  drainage  area  above  is  of  small  extent,  the  mere  question  of  con- 
serving the  flood  waters  could  be  met  without  great  difficulty.  The 
natural  advantages,  however,  are  so  great  and  the  land  included 
within  Great  Passaic  Swamp  is  of  so  little  value  that  the  surrounding 
country  would  be  improved  and  beautified  by  the  construction  of  such 
a  reservoir.  The  opportunity  for  varying  the  character  of  the  reser- 
voir to  meet  the  ideas  of  those  interested  seems  unexampled,  and  as 
a  whole  it  presents  an  extremely  interesting  field  which  may  be 
profitably  exploited. 

SADDLE   RIVER. 

This  stream  has  been  described  in  the  report  on  the  flood  of  1902, 
already  referred  to.  It  contributes  a  large  amount  of  water  to  the 
main  arterv  of  the  Passaic  below  Dundee  dam,  and  as  the  river  channel 
at  that  point  is  overburdened  under  the  present  conditions  because  of 
lack  of  slope  and  numerous  catchments,  together  with  what  is  known 
as  the  Wallington  Bend,  it  increases  very  materially  the  damage  caused 
by  floods. 
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The  most  effectual  remedy  in  the  case  of  Saddle  River  floods  is  that 
of  construction  of  flood  catchments.  No  studies  have  been  made  of 
the  situation  in  the  Saddle  River  drainage  area,  but  a  superficial  in.sp>ec- 
tion  of  the  basin  shows  that  opportunities  for  the  construction  of  flood- 
catchment  reservoirs  are  not  numerous. 

SUMMARY  OF   FLOOD-CATCHMENT   PROJECTS. 

By  following  the  plans  described  in  the  preceding  pages  absolute 
flood  catchments  may  be  provided  above  Little  Falls  on  the  Passaic 
Basin  for  551.7  square  miles,  leaving  only  221.2  square  miles  from 
which  flood  run-off  would  flow  immediately.  The  accomplishment  of 
this  would  involve  the  construction  of  Pompton  reservoir,  which  would 
withhold  all  flood  waters  from  the  northern  tributaries.  It  would 
leave  unprovided  for  20.2  square  miles  on  the  Rockaway,  71.7  square 
miles  on  the  Whippany,  46.2  square  miles  on  the  upper  Passaic,  and 
83.7  square  miles  tributary  to  the  Central  Basin  and  not  included  above. 

Leaving  Pompton  reservoir  out  of  consideration,  and  conserving 
flood  run-off  on  the  Ramapo,  Wanaque,  and  Pequanac  rivers,  there 
would  be  absolute  flood  catchment  up  to  a  12-inch  run-off  over  494.8 
square  miles  above  Little  Falls.  This  would  leave  278.1  square  miles 
unprovided  for,  the  run-off  from  which  would  not  overburden  the 
channel  in  the  lower  valley,  provided,  of  course,  that  channel  were 
improved  to  a  maximum  carrying  capacity. 


PJREFEBABLE    RESERVOIR   SITES. 


The  following  table  and  discussion  of  preferable  sites  for  flood  pre- 
vention are  taken  from  the  report  of  the  engineering  committee  of  the 
northern  New  Jersey  flood  commission: 

Table  shouuing  detailed  facts  regarding  possible  reservoir  sites  on  Passaic  drainage  batin. 


\  Area  of 
Reservoir.  i   water- 

I    shed. 

i 

I 

1  Sq.  mi. 

Ramapo 140 

Wanaque 83 

Newfoundland . .  52 

Rockaway 114 

Millington 56 

Great  Piece '  773 

Mountain  View  . '  380 

Do 380 

Do '  380 

Do '  380 


Area  of 
reser- 
voir. 


'  Height  I  Length 
of  dam.  I  of  dam. 

I 


Srj.  ml. 

2.8 

2.1 

1.8 

4.6 

15.8 

37 

13.4 

13.9 

14.3 

17.4 


Ftd.  '     Feet. 

65  i  1,700 

60  I  1,200 

40  430 

28  470 

25  220 

21  !  1,500 

42  '  2, 150 

44  I  2,380 

46  '  2,470 

60  3,000 


Eleva- 
I  tion  of  ' 
I  flow  line. 


Feet. 
280 
275 
780 
520 
245 
178.5 
202 
204 
206 
220 


Storage, 
water- 
shed. 


Sto: 
capac 


rage 
iclty. 


Tncheg. 

Mmtmicf. 

5.5 

1 

1,768 

7.7 

1 

1,491 

8 

966 

6 

1,565 

31 

4,060 

«9 

8,950 

8 

7,200 

9 

7,900 

10 

8,700 

17 

15,000 

Total  cost. 


•  15900,000 
1,000,000 
1,800,000 
600,000 
370,000 
2, 625, 000 
3,340,000 
3, 460,000 
3, 590, 000 
5, 260, 000 


o  Including  water  discharged  through  fixed  openings,  in  a  flood  similar  to  that  of  October,  1908. 
Maximum  discharge,  12.U00  cubic  feet  per  second. 
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With  the  exception  of  the  Millington  reservoir  rite  wliere  the  cost  of  the  dam  ifl  a 
small  factor,  the  elevation  of  flow  line  in  the  varioiw  re*»ervoir8  which  detenuinee 
the  capacity  w&s  fixed  8o  as  to  afford  an  approximate  storage  equal  to  a  ran-off  of 
about  8  inches  from  the  draina^  area  above  each  dam  8ite.  This  amount  m  some- 
what in  excera  of  the  run-off  for  the  flood  of  October,  1903.  It  was  found  imprac- 
ticable on  the  Rockaway  reservoir  site  to  pn^vide  for  a  Htorage  greater  than  6  inches. 
On  the  Wanaqne  the  amount  which  can  be  stored  falls  slightly  under  8  inches,  while 
on  the  Ramapo  it  is  possible  to  obtain  only  5^  inches,  by  reason  of  the  fact  that  with 
a  greater  storage  capacity  the  slack  water  would  reach  into  New  York  State.  The 
economical  height  for  a  dam  at  the  lower  end  of  the  Great  Piece  Meadow,  if  such 
dam  is  provided  with  flxed  dischaige  openings  which  will  carry  a  maximum  out- 
flow of  12,000  cubic  feet  per  second,  will  provide  a  reservoir  which  will  dispose  of  a 
run-off  of  9  inches  on  the  drainage  area  above. 

The  following  combinations  of  reservoir  sites,  with  their  respective  drainage 
areas,  proportional  storage,  and  estimated  costs,  give  the  facts  necessar>'  for  final 
deductions: 


Bite. 


Drainage 
area. 


Ramapo 

Wanaque 

Pequanac 

Rockaway 

Total  ... 

Ramapo 

Wanaque 

Rockaway 

Millington 

Total  ... 

Great  Piece  . . . 
Mountain  View 


Square  mile*. 

140 
83 
52 

114 


Water        Equivalent 
collected.   ,    ^^^ 

I 


Coat. 


Inehet.       Square  milet. 


5.5 
7.7 

8 
6 


96.25 
80 
52 
85.5 


389 


313.  75 


140 
83 

114 
56 


5.5 
7.7 
6 
31 


96.25 
80 
85.5 
56 


$900,000 

1,000,000 

1,800,000 

600,000 


4,300,000 


I 


393 


773  ; 
380 


4.5 

8 


317.  75 

435 

380 


900,000 
1,000,000 
600,000 
370,  OOO' 


3, 870, 000 

2,  625, 000 
3, 340, 000 


The  necessity  to  retard  the  flow  of  or  provide  storage  for  approximately  380  square 
miles  of  highland  drainage  area  has  been  determined  after  careful  study,  and  there 
has  been  deduced  an  amount  which  may  safely  be  expected  to  n^present  the  maxi- 
mum for  the  highest  floods.  When  the  highland  tributaries  are  sufliciently  checked 
the  natural  storage  on  Great  Piece  Meadow  in  its  effect  upon  flood  control  becomes 
more  apparent.  Our  investigations  show  that  the  holding  back  of  the  flo^ni  flow — 
that  iS|  8  inches  run-off  on  approximately  380  square  miles  of  flashy  drainage  area 
above  Great  Piece  Meadow — is  necessary  to  reduce  the  discharge  in  the  river  through 
the  city  of  Paterson  to  14,000  cubic  feet  per  second  for  a  flood  similar  to  that  of  1903. 

From  the  forgoing  table,  in  which  different  reservoir  projects  are  compared,  it 
is  seen  that  only  the  reservoirs  designated  as  Great  Piece  and  Mountain  View  will 
fulfill  the  requirements  within  a  reasonable  limit  of  cost.  It  is  also  shown  that 
a  combination  of  any  other  available  sites  would  involve  the  expenditure  of  more 
money  for  their  construction  and  the  control  of  less  tributary  drainage  area  than  is 
fulfilled  by  the  demands  of  the  Passaic  drainage  basin.     We  are  therefore  brought  to 
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the  conclusion  that  only  two  of  the  projects  above  set  forth  will  be  effective.  First, 
the  c^onstruction  of  a  re^ilating  dam  on  the  main  stream  above  Little  Falls,  which  we 
have  called  the  *' Great  Piece"  Meadow  Re8er\^oir,  and  second,  the  building  of  a  dam 
at  Mountain  View  acn>es  Pompton  River.  The  relative  cost  of  these  reser\'oirs,  con- 
structed for  flood  control  exclusively,  is  |2, 625, 000  for  that  on  Great  Piece  Meadow 
and  f  3, 340, 000  for  the  Mountain  JView  site.    Details  of  these  estimates  are  as  follows: 

Estimate  of  co$t  of  Great  Piece  Reservoir j  dam  at  Little  Falls. 

[Elevation  of  flow  line,  178.5  feet.    Storage  and  disposal  of  9  Inches  eoUected.a] 

Earth  excavation^  17,600  cubic  yards,  at  35  cents |6, 160 

Rock  excavation,  8,800  cubic  yards,  at  $2 17, 600 

Rubble  masonry,  29,100  cubic  yards,  at  $5 145, 500 

Ashlar  masonry,  1,800  cubic  yards,  at  $12 21,600 

Facework  of  rubble  masonry,  2,850  square  yards,  at  $1.50 4, 275 

Concrete  masonry,  250  cubic  yards,  at  $6 1, 500 

Slope  paving,  300  cubic  yards,  at  $2 600 

Cnisheil  stone,  150  cubic  yards,  at  $1.50 225 

60-inch  cast-iron  pipe  in  place,  360  tons,  at  $35 12,600 

Relocation  of  railroads,  Erie,  5  miles,  at  $20,000;  Delaware,  Lac*ka wanna 

and  Western,  4.5  miles,  at  $40,000 280,000 

Relocation  of  highways 170, 000 

Real  estate: 

Above  Mountain  View 500,000 

Additional  for  village  of  Singac 100,000 

22,000  acres,  at  $50 '....  1,100,000 

2,360,000 
Add  for  engineering  and  contingencies 240, 000 

2,600,000 
Protection  of  pipe  lines,  Newark  and  Jersey  City 25, 000 

2, 625, 000 

The  effectiveness  of  a  reservoir  built  upon  the  lines  proposed  in  the  case  of  Great 
Piece  Meadow  depends  upon  the  adjustment  of  outflow  so  that  the  channel  below 
will  not  l>e  overborne,  while  at  the  same  time  sufficient  storage  capacity  is  afforded 
to  hold  temporarily  the  water  which  enters  above  the  dam  in  amount  greater  than 
the  carrying  capacity  of  the  outflow  apertures.  The  dam  across  Passaic  River  alxjve 
Little  Falls  would  be  provided  with  apertures  which  would  discharge  12,000  cubic 
feet  i)er  second  under  the  maximum  hea<l  in  the  storage  basin.  As  the  flood  risef 
these  ai)ertures  would  discharge  a  constantly  increasing  amount  of  water  to  the 
maximum,  and  for  a  considerable  time  thereafter  the  maximum  would  be  main- 
tained, the  discharge  decreasing  after  the  flood  according  to  the  height  of  water 
reinainiuj?  in  the  reservoir. 

a  Includes  water  discharged  through  fixetl  openings  for  a  flood  i^imilar  to  that  of  October,  li<Cl. 
Maximum  flow,  12,000  cubic  feet  per  second. 
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Eetimated  cost  of  Motiniain  Meir  Reservoir. 
[Elevation  of  flow  line,  202  feet.    Storafpe  of  8  inches  on  watenhed.] 

£arth  excavation: 

Stripping  dam  base,  83,500  cubic  yards,  at  $0.30 125,050 

Core  wall  trench,  24,900  cubic  yanls,  at  $1 24, 900 

Rock  excavation,  10, 100  cubic  yanls,  at  $2 20, 200 

Rock  fill  in  dam,  197,000  cubic  yards,  at$1.25 246,250 

Rubble  masonry,  23,200  cubic  yards,  at  $5 116,000 

Concrete,  30,000  cubic  yards,  at  |6 180, 000 

Gate  chambers  and  tunnels 65, 000 

Reconstruction  of  highways 142, 400 

Reconstruction  of  railroads 815, 000 

Real  estate 1.360,000 

2,994,800 
Engineering  and  contingencies 325, 200 

3, 320, 000 
Protection  of  Newark  pij)e  line 20, 000 

Total  cost 3,340,000 

[Same  for  elevation  of  flow  line,  204  feet.    Storage  of  9  Inches  on  watershed.] 

Earth  excavation: 

Stripping  dam  base,  85,200  cubic  yards,  at  $0.:iO $25, 560 

Core  wall  trench,  26,000  cubic  yards,  at$l 26,000 

Rock  excavation,  10,600  cubic  yards,  at  $2 ! .  21, 200 

Rock  fill  in  dam,  214,000  cubic  yards,  at  $1.25 267,500 

Rabble  masonr>-,  24,500  cubic  yarde,  at  $5 122, 500 

Concrete,  30,500  cubic  yards,  at  $6 183, 000 

Gate  chambers  and  tunnels 65, 000 

Reconstruction  of  highways 142, 400 

Reconstruction  of  railroads 815, 000 

Real.estate 1,435,000 

3,103,160 
Engineering  and  contingencies 336, 840 

3, 440, 000 
Protection  of  Newark  pipe  line 20, 000 

Total  cost 3,460,000 

The  final  recommendation  of  the  committee  involves  the  consideration  of  two 
projects  for  flood  storage,  one  on  Great  Piece  Meadow  and  the  other  above  Mountain 
View  on  the  Pompton.  In  making  such  recommendations  the  committee  is  of  the 
opinion  that  it  must  take  into  account  matters  of  engineering  ix)licy  with  regard  to 
future  needs  and  contingencies,  as  well  as  the  bare  necessities  of  the  present. 

If  there  were  none  other  than  the  single  problem  of  prevention  the  committee 
would  advise  the  construction  of  the  reservoir  on  Great  Piece  Meadow  by  reason  of 
its  smaller  probable  cost  and  its  equal  eflSciency.  It  is  plain,  however,  that  there  are 
many  important  features  of  public  policy  involved  in  the  subject  at  hand.  Popula- 
tion in  the  valley  of  the  Passaic  is  developing  so  rapidly  that  in  only  a  few  years  the 
present  sources  of  water  supply  will  he  inadequate.  The  whole  subject  of  water 
supply  for  northern  New  Jersey  demands  immediate  consideration,  and  it  would  not 
be  wise  to  take  up  the  matter  of  prevention  of  flood  damage  in  the  Passaic  without 
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basing  the  value  of  every  project  upon  its  adaptability  for  use  in  future  water-supply 
needs. 

By  expending  $2,600,000  a  great  reservoir  could  be  constructed  upon  Great  Piece 
Meadow  which  could  not  be  adapted  for  any  purposes  except  to  regulate  floods;  it 
would  stand  in  season  and  out  of  season  a  huge  feature  of  the  valley  and  entirely  use- 
less and  inoperative  save  on  the  occasion  of  high  water.  However  great  might  be 
the  needs  of  the  inhabitants  of  the  Passaic  Valley  for  a  conserved  water  supply,  the 
construction  on  the  meadows;  representing  an  enormous  expenditure,  would  famish 
no  solution  of  the  problem.  It  would  admit  of  no  enlargement  for  wate^^slupply  stor- 
age and  would  be  available  for  no  purpose  except  flood  regulation. 

When  we  consider  the  Mountain  View  project,  however,  we  find  that  as  a  meainire 
for  the  prevention  of  flood  damages  it  fulfills  all  the  requirements  and  provides  in 
addition  all  the  possibilities  and  advantages  demanded  inevitably  in  the  near  future. 
The  Mountain  View  site  is  an  ideal  one  for  the  reservoir,  and  its  initial  development 
for  flood  catchment  does  not  involve  the  expenditure  of  a  dollar  that  would  be  lost 
in  the  development  of  the  basin  to  greater  capacities  for  water  supply.  From  its 
lowest  level,  at  202  feet  above  tide,  to  its  maximum  capacity,  at  a  level  of  220,  there 
would  be  no  depreciation.  Every  dollar  spent  in  the  initial  construction  would  be 
effective  in  the  maximum  development. 

The  probable  cost  of  Mountain  View  reservoir,  estimated  at  $3,340,000,  exceeds 
that  of  Great"  Piece  by  $700,000.  It  is  realized  that  to  many  persons  this  maiigin 
may  seem  very  wide.     Let  us  consider  briefly  just  what  it  really  represents. 

Suppose,  for  example,  that  the  Great  Piece  project  is  constructed  at  a  cost  of 
$2,600,000.  After  the  elapse  of  a  few  years  it  will  be  necessary  to  provide  additional 
storage  in  the  Passaic  highlands  for  water  supply  or  the  maintenance  of  water  power. 
The  Mountain  View  reservoir,  or  its  equivalent  in  capacity  and  cost,  will  then  be 
necessary.  The  situation  will  then  be  as  follows:  By  constructing  the  Great  Piece 
reservoir  in  preference  to  the  Mountain  View  for  flood  catchment,  $700,000  would  be 
saved.  We  can  consider  that  this  amount  might  be  expended  to  pay  a  part  of  the 
cost  of  additional  conservation  above  referred  to.  If,  on  the  other  hand,  Mountain 
View  had  been  constructed,  there  would  have  been  paid  on  the  final  cost  of  conser\-- 
ance  the  sum  of  $3,340,000,  which,  as  stated  in  previous  pages,  would  also  have 
effected  flood  relief.  There  would  then  be  the  difference  between  $2,600,000  and 
$700,000,  or  $1,900,000,  which  represent*?  the  actual  loss  which  would  accrue  by 
reason  of  the  construction  of  Great  Piece  reser\'oir. 

The  engineering  cgmmittee,  after  presenting  the  merits  of  both  Great  Piece  Meadow 
and  Mountain  View  projects,  therefore  recommends  the  adoption  of  the  latter  in 
spite  of  its  greater  cost,  because  it  is  believed  that  in  the  end  the  construction  of  the 
Great  Piece  project  would  involve  an  expenditure  not  warranted  by  public  economy 
or  general  expediency. 

GENERAL.  COlNCIiLTSIONS, 

1.  Great  floods  in  the  Passaic  Basin  arise  onl}*  after  a  specially  vio- 
lent precipitation. 

2.  Under  present  conditions  floods  may  be  expected  at  frequent 
intervals. 

3.  A  part  of  the  damage  along  the  lower  valley  is  the  result  of 
encroachments  on  the  part  of  individuals  and  public  and  private 
corporations. 

4.  The  channel  in  the  lower  valley  may  be  improved  at  certain 
points  by  straightening  it  and  judiciously  making  cut-offs. 
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5.  Without  the  construction  of  numerous  levees  the  lower  valley 
channel  can  not  be  made  to  carry  great  flood  waters  without  damage. 

6.  Immunitv  from  floods  can  be  effected  onlv  by  the  construction 
of  catchment  reservoirs  in  the  highlands  or  levees  in  the  lowlands. 

7.  Levee  construction  would  involve  more  damage  than  is  now 
caused  by  floods,  and  the  cost  thereof  would  be  prohibitive. 

8.  Flood  catchment  reseiToirs  may  be  constructed  economically 
and  provide  storage  to  compensate  for  the  dry-season  flow,  thereby 
maintaining  water  power  at  Paterson,  Passaic,  and  other  points,  and 
providing  for  municipal  water  supply  in  the  future. 
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LETTER   OF  TRANSMITTAL. 


Departmkxt  of  the  Interior, 
United  States  Geoix>gical  Survey, 
Washhujfon,  B,  C,  Septemhrr '2S,  lOOS. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  relating 
to  the  eonferenoo  of  the  engineers  of  the  reclamation  service  held  at 
Ocrden,  Utah,  S<>ptem>>er  15  to  18,  11)03. 

The  necessity  for  this  meeting  arose  from  the  fact  that,  while  the 
reclamation  service  had  been  in  active  operation  for  over  a  3'ear,  its 
personnel  was  largely  made  up  of  men  who  were  new  in  Government 
service,  and  unacquainted  with  each  other  and  with  the  conventional 
methods  of  transacting  business.  As  projects  in  each  State  had 
reached  a  point  where  relative  merits  must  l>e  considered,  it  was 
deemed  advisable  to  bring  the  principal  engineers  together,  in  order 
to  discuss  somewhat  informally  the  methods  and  results  of  work. 

The  place  and  time  of  this  meeting  was  determined  by  the  facts  that 
Ogden  is  a  central  point  within  the  reclamation  States,  and  that  the 
Eleventh  IiTigation  Congress  was  then  held  there.  At  this  congress 
delegates  were  present  from  the  thirteen  States  and  three  Territories 
named  in  the  reclamation  law,  as  well  as  from  Texas  and  the  country 
farther  east.  This  enabled  the  engineers  of  the  reclamation  service 
to  meet  public  men  and  others  who  are  interested  in  the  work  and  to 
exchange  views  freely  concerning  it. 

About  twenty-five  of  the  principal  consulting,  supervising,  and  dis- 
trict engineers  of  the  reclamation  service  met  at  Ogden,  this  l)eing 
a}K)ut  one-tenth  of  the  number  of  engineers  and  assistants  engaged  in 
the  field  work  of  the  reclamation  service.  The  headquarters  were 
conveniently  located,  and  the  engineers  met  in  sessions  beginning 
early  each  moniing  and  continuing,  with  short  interruptions,  tlirough- 
out  the  day  and  evening,  discussing  matters  of  organization,  person- 
nel, methods  of  work,  cost  of  surveys  and  construction,  details. of 
plans,  specifications,  et<\  From  time  to  time  prominent  men  or  dele- 
gations from  various  States  were  received,  and  brief  addresses  were 
made  to  the  engineers  by  governors,  senators,  and  others.  A  partial 
stenographic  report  was  made  of  the  proceedings,  and  this  has  been 
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amplified  in  the  accompanying  manuscript.  It  is  believed  to  be  desir- 
able to  preserve  this  material  and  to  send  it  out  to  the  various  engi- 
neers and  assistants  who  were  not  present  at  the  meeting,  in  order  to 
give  them  information  concerning  some  of  the  subjects  discussed. 
The  public  also  is  interested  to  a  certain  extent  in  many  of  these 
details,  and  it  is  considered  permissible  to  present,  in  this  somewhat 
informal  discussion,  matters  that  might  not  be  pertinent  to  the  annual 
report. 

I  therefore  respectfully  recommend  that  this  matter,  together  with 
such  incidental  information  as  may  be  convenient  for  reference  in  this 
connection,  be  printed  as  one  of  the  water-supply  and  irrigation 
papers. 

Very  respectfully, 

F.  H.  Newell, 

Chief  Engineer. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 


PROCEEDINGS  OF  FIRST  CONFERENCE  OF  ENGI- 
NEERS OF  RECLAMATION  SERVICE,  AT  OGDEN, 
UTAH,  SEPTEMBER  15-18, 1903. 


Compiled  by  F.  H.  Newell,  Chief  Engineer. 


CAIili  FOR  CONFERENCE. 

The  following  notice  was  sent  out  from  the  office  of  the  (»>hief  engi- 
neer of  the  reclamation  service: 

United  States  Gbolooical  Survey, 

Reclamation  Service, 
WoMngUmy  J).  (\y  July  /5,  190S. 

notice. 

The  various  engineere  and  aaemtante  of  the  reclamation  service  will  assemble  at 
Ogden,  Utah,  on  September  14,  to  hold  a  conference  on  important  details  during  the 
days  from  September  15  to  18,  inclusive.  It  is  expected  that,  as  far  as  possible,  the 
time  will  be  devoted  to  official  business  and  the  discussion  of  plans  and  results,  and 
adjournment  will  be  taken  to  attend  the  meetings  of  the  National  Irrigation  Congress. 

The  following-named  persons  are  expected  to  be  present:  Messrs.  Ahem,  Babb, 
Bien,  Blanchard,  Chandler,  Darton,  Davis,  Fellows,  Field,  Fitch,  Hinderlider,  Lip- 
pincott,  Matthes,  McCoimell,  Newell,  Noble,  Peery,  Quinton,  Reed,  Ross,  Sanders, 
Savage,  Storrs,  Swendsen,  Taylor,  Walter,  Whistler,  and  Wisner. 

On  Friday  morning  it  is  expected  that  the  engineers  will  participate  in  the  meeting 
of  the  National  Irrigation  Congress. 

Very  respectfully,  F.  H.  Newell,  Chief  Enghieer. 

ATTENDANCE  AT  CONFERENCE. 

In  accordance  with  the  above  notice,  a  conference  waaheld  at  Ogden, 
Utah,  at  the  time  of  the  meeting  of  the  Eleventh  Irrigation  Congress, 
September  16  to  18,  1903.     The  following  persons  were  present: 

Ahem,  Jeremiah,  district  engineer,  northern  Wyoming. 
Babb,  Cyrus  C,  district  engineer,  Montana. 

Bien,  Morris^  engineer  in  charge  of  l|md  and  legal  matters,  Washington,  D.  C. 
Chandler,  A.  E.,  hydrographer  and  State  engineer  of  Nevada. 
Barton,  N.  H.,  geologist  in  charge  of  western  set^tion  of  hydrology. 
Davis,  Arthur  P.,  supervising  engineer  for  Arizona,  etc. 
Fellows,  A.  L.,  district  engineer  for  Colorado. 

Field,  John  E.,  district  engineer  for  North  Platte,  Wyoming  and  Nebraska. 
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Fitch,  Chas.  H.,  supervising  engineer  for  South  Dakota,  etc. 

Lippincott,  J.  B.,  supervising  engineer  for  California. 

McConnell,  I.  W.,  engineer  on  Gunnison  Tunnel, 

Newell,  F.  H.,  chief  engineer,  Washington,  D.  C. 

Noble,  T.  A.,  district  engineer  for  Washington. 

Peerj',  E.  H.,  law  clerk. 

Quinton,  John  II.,  consulting  engineer,  Los  Angeles,  Cal. 

Roe<l,  W.  M.,  district  engineer  for  New  Mexico. 

Ross,  D.  W.,  district  engineer  for  Idaho. 

Sanders,  Wm.  H.,  consulting  engineer. 

Savage,  II.  N.,  consulting  engineer. ' 

Swendsen,  Geo.  L.,  district  engineer,  Utah. 

Taylor,  L.  II.,  district  engineer  for  Nevada. 

Walter,  Raymond  F.,  constructing  engineer  for  Black  Hills  region. 

Whistler,  John  T.,  district  engineer  for  Oregon. 

Wisner,  Geo.  Y.,  consulting  engineer. 

Storrs,  H.  A.,  electrical  expert. 

In  addition  to  these  there  were  present  at  several  of  the  meetin(]rs 
Mr.  Gifford  Pinchot,  chief  of  the  Bureau  of  Forestry,  Department  of 
Agriculture,  and  four  of  his  assistants;  Mr.  B.  A.  Fowler,  president 
of  the  Salt  River  Vallev  Water  Users'  As.sociation,  and  nianv  State 
officials,  as  well  iis  other  prominent  persons,  some  of  whom  delivered 
addresses,  which  are  noted  or  printed  in  the  following  pages. 

MTNTJTES  OF  THE  MEETING. 

The  following  brief  statement  of  the  principal  events  of  conference 
giv^es  the  names  of  the  principal  speakers  and  the  topics  discussed: 

The  engineers  of  the  reclamation  service  met  at  the  Virginia  Hotel 
on  Tuesday,  September  15,  at  8  a.  m.,  and  began  the  formal  discussion 
of  the  organization  of  the  service  and  the  methods  and  results  of  work 
already  accomplished.  The  organization  of  committees  and  other 
details  were  considered.  In  the  matter  of  the  cost  and  the  results 
of  work  of  supervision  and  construction  a  committee  was  designated 
consisting  of  Messrs.  George  Y.  Wisner,  A.  L.  Fellows,  and  L.  H. 
Taylor. 

The  relation  of  the  reclamation  service  to  forest  preservation  was 
discussed  and  the  importance  of  close  cooperation  with  the  Bureau  of 
Forestry  was  considered.  A  committee  on  forest  preservation  and 
utilization  was  designated  consisting  of  Messrs.  Fitch,  Gifford  Pinchot 
(chief  of  the  Bureau  of  Forestry),  and  Plummer. 

As  regards  the  designation  of  men  for  specific  work  and  the  promo- 
tion of  those  who  had  shown  merit  and  fitness,  there  was  a  general 
discussion  of  ways  in  which  to  determine  the  ability  and  value  of  each 
man.  The  opinion  was  expressed  that  it  would  be  very  difficult  to 
ascertain  the  executive  ability  of  any  one  man  through  the  usual  cleri- 
cal examination,  but  that  by  a  combination  of  examination  and  reports 
it  would  be  possible  to  determine  merit. 
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Mr.  N.  H.  Darton,  geolof^ist  in  charge  of  the  western  section  of  the 
division  of  hydrolog}^  spoke  of  the  work  done  on  artesian  we^l^s  and 
stated  that  niaps  had  been  prepared  showing  where,  in  a  considerable 
portion  of  the  West,  there  was  a  possibility  of  obtaining  deep  or 
flowing  wells. 

At  9-30  a.  m.  the  engineers  adjourned  to  attend  the  meeting  of  the 
National  Irrigation  Congress. 

The  afternoon  session  of  the  engineers  was  devoted  to  further  dis- 
cussion of  organization  and  methods  of  work.  Mr.  Giflford  Pinchot, 
chief  forester  of  the  Department  of  Agriculture,  spoke  of  the  neces- 
sity of  cooperation  between  forestry  and  reclamation  work. 

The  method  of  making  reports  from  the  field  was  considered  at 
some  length,  as  well  as  the  details  of  presenting  the  results  of  investi- 
gation and  determining  the  cost  of  construction.  A  committee,  con- 
sisting of  Messrs.  Lippincott,  Davis,  and  Fitch,  was  appointed  to 
recommend  committees  on  the  various  subjects  of  interest  to  the 
engineers. 

On  Wednesday,  September  16,  the  engineers  of  the  reclamation 
service  were  addressed  on  the  subject  of  colonicsation  by  General  Booth 
Tucker,  who  brought  out  a  number  of  points  of  interest.  He  claimed 
that  the  Salvation  Army  could  furnish  colonists,  if  needed,  and  (*ould 
give  assurance  that  these  colonists  would  be  competent  farmei*s  and 
desirable  citizens. 

Senator  Reed  Smoot,  of  Utah,  spoke  to  the  engineers  on  the  impor- 
tance of  the  work  and  the  beneficial  results  that  would  result  from  it 
in  the  near  future.  ^ 

Hon.  Frank  W.  Mondell,  of  Wyoming,  extended  his  greetings  to 
the  engineers  and  expressed  his  intention  of  supporting  their  con- 
clusions in  every  practicable  manner. 

The  committee  on  organization,  consisting  of  Messrs.  Lippincott, 
Davis,  and  Fitch,  submitted  a  list  of  proposed  committees  to  act  as 
advisers  in  the  technical  work  and  operations  of  the  service. 

Mr.  Arthur  P.  Davis  described  at  some  length  the  proposed  Salt 
River  reservoir  in  Arizona.  He  was  followed  by  Mr.  A.  L.  Fellows, 
who  stated  the  present  condition  of  operations  on  the  Gunnison  tunnel 
in  Colorado.     A  general  discussion  of  these  projects  followed. 

The  engineers  then  adjourned  to  attend  the  meeting  of  the  Irrigation 
Congress. 

At  the  afternoon  session  Senator  Burton,  of  Kansas,  addressed  the 
engineers  on  the  importance  of  floods  and  the  interrelation  of  storage 
for  irrigation  with  the  control  of  floods. 

Mr.  J.  B.  Lippincott  described  the  work  in  progress  in  California, 
particularly  that  on  King  and  Colorado  rivers. 

Mr.  L.  H.  Taylor  announced  that  construction  work  had  begun  on 
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the  Truckee  project,  and  that  surveys,  showing  the  irrigable  lands, 
were  i*apidly  being  pushed  forward. 

Mr.  D.  W.  Ross  described  three  large  projects  under  examination 
in  Idaho,  and  called  attention  to  the  vast  extent  of  irrigable  land  near 
Jackson  Lake,  and  the  possibility  of  obtaining  an  ample  water  supply 
for  its  utilization  by  storage  in  that  lake. 

Mr.  Cyrus  C.  Babb  spoke  of  the  work  on  Milk  River,  in  Montana, 
and  the  opportunities  of  diverting  water  upon  the  adjacent  land:^. 

Mr.  W.  M..  Reed  described  the  Hondo  reservoir,  and  also  the  prog- 
ress of  field  work  on  the  Urton  Lake  project. 

At  the  evening  session  on  Wednesday,  September  16,  the  Hon. 
Francis  (t.  Newlands,  Senator  from  Nevada,  addressed  the  engineers 
on  the  recent  Nevada  irrigation  law,  passed  largely  at  his  instigation 
and  by  means  of  his  active  support.  This  law  is  unique,  in  that  it 
compels  the  most  intimate  cooperation  between  the  United  States 
reclamation  service  and  the  State  engineer. 

Governor  Morrison,  of  Idaho,  commented  upon  the  work  of  the 
engineers  and  -the  importance  of  reclamation  to  the  State  of  Idaho.  A 
number  of  other  public  men  spoke  approvingly,  and  showed  by  their 
words  and  action  the  deep  interest  that  is  felt  by  Senators  and  Represen- 
tatives and  State  officers  in  the  progress  of  the  work  of  the  reclama- 
tion service. 

Mr.  B.  A.  Fowler,  president  of  the  Salt  River  Valley  Water  Users'* 
Association,  described  the  organization  of  that  body  and  entered  into 
the  various  details  and  the  necessary  forms  of  such  organization  of 
water  users.  A  general  discussion  wiis  participated  in  by  the  engi- 
neers and  public  men  present. 

At  the  morning  session,  Thursday,  September  17,  Hon.  W.  A. 
Reeder  addressed  the  engineers  on  the  importance  of  the  work  and 
the  general  interest  felt  in  it. 

Mr.  John  T.  Whistler  described  the  surveys  in  progress  in  Oregon 
on  Malheur,  Umatilla  and  other  rivers.  The  importance  of  enacting 
water  laws  for  the  State  was  discussed,  and  various  features  relating 
to  water  tilings  were  considered. 

Mr.  Morris  Bien  read  a  decision  of  the  Secretary  of  the  Interior  in 
regard  to  water  rights,  which  was  generally  discussed. 

The  Kansas  delegation,  headed  by  Senator  Burton  and  Congressman 
Reeder,  called  to  pay  their  respects  and  inquired  concerning  the  serv- 
ice in  Kansas. 

The  surveys  in  South  Dakota  were  described  by  Mr.  Charles  H. 
Fitch  and  Raymond  F.  Walter,  particular  reference  being  made  to  the 
Belle  Fourche  projects. 

Mr.  George  L.  Swendsen  spoke  of  the  surveys  of  Utah  and  Bear 
lakes  now  in  progress.     The  chief  difficulty  in  regard  to  Utah  Lake  is 
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the  enormous  evaporation  from  it  during  the  irrigating  season, 
amounting  to  fully  1,000  c^ubic  feet  per  second. 

At  the  afternoon  session  on  Thursday,  September  17,  Hon.  Malcolm 
A.  Moody,  of  Oregon,  introduced  Judge  T.  (}.  Hailey,  of  Pendleton, 
Oreg.,  who  addressed  the  engineers  on  the  inipoi*tance  of  the  reclama- 
tion work  to  Oregon. 

Capt.  HiramM.  Chittenden,  Corps  of  Engineers,  I -nited  States  Army, 
spoke  briefly  regarding  the  work  of  surveying  and  examining  the 
reservoir  sites  of  the  arid  I'egion. 

Mr.  John  E.  Field  described  the  ccmditions  existing  on  North  Platte 
River,  and  particularly  the  reservoir  sites  on  Sweetwater  iiiver  and 
below  the  mouth  of  this  stream. 

Hon.  Frank  W.  Mondell,  meml)er  of  Congress  from  Wyoming, 
pointed  out  some  of  the  opportunities  for  reclamation,  and  dwelt  uix)n 
various  features  of  the  desert-land  law  relative  to  reclamation.  A 
general  discussion  followed,  which  was  participated  in  by  Messrs. 
Morris  Bien,  Arthur  P.  Davis,  and  others. 

Mr.  Jeremiah  Ahern  described  the  work  on  Shoshone  River  in 
northern  Wyoming,  and  the  topographic  methods  employed. 

Judge  F.  S.  Richards,  of  Salt  Ijake  City,  described  briefly  the  Utah 
Arid  Land  Reclamation  Commission  Fund,  which  was  created  by  the 
last  legislature,  and  of  which  he  is  the  legal  adyiser. 

Mr.  Clarence  T.  Johnston,  State  engineer  of  Wyoming,  spoke  of  the 
facilities  oflfered  to  the  reclamation  service  bv  the  records  of  the  State 
engineer's  oflice,  and  proffered  his  assistance  in  making  the  work 
successful. 

Mr.  T.  A.  Noble  dwelt  upon  the  opportunities  for  reclamation  in 
central  Washington,  and  described  in  particular  the  Big  Bend  Project 
and  the  surveys  near  Okanogan  River. 

At  the  evening  session  Governor  George  C.  Pardee,  of  California, 
spoke  on  the  condition  of  irrigation  in  his  State,  and  of  the  importance 
of  cooperation  in  bringing  about  a  higher  development  of  the  country. 

On  Friday,  September  18,  the  engineers  attended  the  meeting  of  the 
Irrigation  Congress,  addresses  being  made  by  Mr.  F.  H.  Newell, 
chief  engineer,  Mr.  Gifford  Pinchot,  and  others,  on  the  work  in 
reclamation  and  in  forestry. 

On  Friday  afternoon  the  conference,  after  completing  various  details, 
adjourned. 
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COMMITTEES   APPOINTED. 


The  follow^ing  commiUees  were  appointed  at  the  coDferenoe: 


Personnel  and  Assigmnents: 

Davis. 

Fiteh. 

Savage. 
Water  Laws: 

Bien. 

Ross. 

Savage. 

Lippincott. 
Duty  of  Water: 

Ross. 

Chandler. 

CJode. 
Methods  of  Reconnaissance  and  Survey: 

Ahern. 

Babb. 

Quinton. 
Standard  Plans  and  Specifications: 

Quinton. 

Wisner. 

Savage. 
Costs  and  Results: 

Wisner. 

Fellows. 

Taylor. 


Cement  and  Concrete: 

Duryee. 

Wisner. 

Sanders. 
Electric  Power  Development  and  Pump- 
ing: 

Storrs. 

Sanders. 

McPherson. 
Alkali  and  Drainage: 

Means. 

Sanders. 

Reed. 
Forms  of  Water  Users'  AsBoeiations: 

Bien. 

Savage. 

Davis. 
Diamond  Drilling: 

Davis. 

Hammond. 

Hamlin. 
Forestry : 

Fitch. 

Pinchot 

Plummer. 


HYDROGRAPHIC  BRANCH  OF  THE  UNITED  STATES 

GEOIiOGICAIi  SURVEY. 

The  United  States  Geological  Survey  was  created  by  an  act  of  Con- 
gress approved  March  3, 1879.  (Stat.  L.,  vol.  20,  p.  394.)  From  time 
to  time  additional  duties  have  been  assigned  to  the  Survey  by  law  or 
by  Executive  action.  A  brief  summary  of  the  laws  is  given  in  the 
Regulations  of  the  United  States  Geological  Survey,  taking  effect 
January  1,  1903. 

For  administrative  purposes  the  Survey  is  divided  into  branchej» 
and  divisions,  as  shown  on  page  8  of  its  book  of  Instructions,  issued 
May  1, 1903.  The  branches  are:  administrative,  publication,  geologic, 
topographic,  and  hydrographic. 

The  Geological  Survey  is  one  of  the  bureaus  of  the  Department  of 
the  Interior,  of  which  Hon.  Ethan  Allen  Hitchcock  is  Secretary.®    The 

aHitchcock,  Ethan  Allen,  Secretary  of  the  Interior  since  February  20, 1899:  bom  at  Mobile,  Ala., 
September  19, 1836;  attended  private  schools  at  Na«hville,  Tenn.;  completed  his  course  at  a  military 
academy  in  New  Haven,  Conn.,  1^56;  »ettled  in  St.  Louis  and  engaged  in  mercantile  business  until 
1860,  when  he  went  to  China  to  enter  commission  house  of  Olyphant  &  Co.,  of  which  firm  he  became 
a  partner  in  1866;  retired  from  busincHs  in  1K72,  and  spent  two  years  in  Europe.  Retiinied  to  United 
States  in  1871,  and  was  engaged  as  president  of  several  manufacturing,  mining,  and  railway  companies 
until  1897.    United  States  minister,  1897-98,  and  amba.<«ador,  1898,  to  Russia.    Home,  St  Lonia,  Mo. 
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Secretar}^  of  the  Interior  is  charged  with  the  sui)orvisi()n  of  public 
business  relating  to  patents  for  inventions;  pensions  and  Iwunty  lands; 
public  lands  and  surveys;  Indians;  education;  railroads;  the  (Jeolog- 
ical  Survc\^;  the  Hot  Springs  Reservation,  Arkansas;  Yellowstone 
National  Park,  Wyoming;  the  Yosemite,  Sequoia,  and  Genenil  Grant 
(larks,  California;  forest  reservations;  distribution  of  ap[)ropriations 
for  agricultural  and  mechanical  colleges  in  the  States  and  Territories; 
custod}^  and  distribution  of  certain  public  documents;  and  supervision 
of  certain  hospitals  and  eleemosynary  institutions  in  the  District  of 
Columbia.  He  also  exercises  certain  powers  and  duties  in  relation  to 
the  Territories  of  the  United  States. 

The  director  of  the  Geological  Survey,  Hon.  Chas.  1).  Walcott,'*  has 
charge  of  the  classification  of  the  public  lands  and  examination  of  the 
geological  structure,  mineral  resources,  and  products  of  the  national 
domain,  and  the  survey  of  forest  reserves,  including  the  preparation 
of  topographic  and  geologic  maps;  also  the  measurement  of  streams 
and  determination  of  the  water  supply  of  the  United  States,  including 
the  investigation  of  underground  waters  and  artesian  wells;  and  also 
the  reclamation  of  and  lands,  including  the  engineering  operations  to 
be  carried  on  by  the  use  of  the  reclamation  fund  created  by  act  of 
June  17,  1902,  from  proceeds  of  sales  of  public  lands. 

The  hydrographic  branch  has  charge  of  all  investigations  relating  to 
the  occurrence  of  water  as  a  mineral  and  a  source  of  wealth  to  the 
country.  It  also,  through  the  reclamation  service,  prepares  plans 
for  the  construction  of  reservoirs,  canals,  and  other  works  for  the 
irrigation  ©f  arid  lands.  The  functions  of  this  branch  are  more  fully 
described  in  Instructions  Relating  to  the  Work  of  the  Geological  Sur- 
vey, May  1,  1903,  pages  81-103.  The  principal  divisions,  as  alcove 
stated,  are  those  of  hydrography,  hydrology,  hydro-economics,  and 
the  reclamation  service. 

The  division  of  hydrography  measures  the  surface  streams,  studies 
their  fluctuations,  and  determines  the  quantity  of  the  water  supply  of 
the  United  States.  It  is  divided  into  two  sections,  eastern  and  western, 
the  latter  including  the  thirteen  States  and  three  Territories  within 
which  work  is  being  done  under  the  reclamation  law. 

The  division  of  hydrology  has  charge  of  investigations  relating  to 
the  geologic  conditions  governing  water  supplies.  This  division  also 
consists  of  two  sections,  eastern  and  western. 

«  Walcott.  Charles  DooUttle,  Director  U.  8.  Geological  Survey;  bom  at  New  York  Mills,  N.  Y.,  March 
31,  1830;  educated  in  public  schoolH  of  Utica,  N.  Y.;  assistant  New  York  State  »mr\'ey,  1876-1879; 
assistant  geologist  U.  S.  Qeological  Survey,  1879-1888;  paleontologist  in  charge  invertebrate  paleon- 
tolog)',  1888-1891;  chief  paleontologist,  1891-1893;  geologist  in  charge  geology  and  paleontology,  1893- 
94,  and  since  1894  director  V.  8.  Geological  Snr\'ey ;  also  secretary  Carnegie  Institution  of  Wii^hington 
since  its  organization  in  1902;  member  National  Academy  of  Scienoos;  Fellow  American  Association 
for  the  Advancement  of  Science,  etc.;  d^rrees  from  Hamilton  College,  Tniversityof  Chicago,  Johns 
Hopkins  University,  and  University  of  Pennsylvania;  author  of  many  reports  and  papers  on  geology 
and  paleontology. 
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The  hydro-economic  divii^ioii  studies  the  quality  of  water  as  related 
to  its  uses  for  industrial  or  domestic  purposes.  Attempts  are  being 
made  to  devise  rapid  methods  of  field  examinations  of  waters  t*> 
supplant  as  far  as  possible  the  more  expensive  and  cumbersome 
analysis. 

The  hydrographer  in  charge  of  the  hydrographic  branch,  Mr.  F.  H. 
Newell,  is  also  chief  engineer  of  the  reclamation  service,  and  report^ 
to  the  Director  of  the  United  States  Geological  Survey,  who  in  turn 
reports  to  the  Secretary  of  the  Interior.  The  hydrographers  and 
engineers  of  the  hydrographic  branch  report  to  the  chief  engineer, 
directly  or  through  the  district  engineers. 

The  following  brief  outline  gives  the  form  of  organization  of  the 
hydrographic  bitmch. 

ORGANIZATION  OP  HYDROGRAPHIC  BRANCH. 
DIVISION   OF  HYDROGRAPHY. 

EASTERN   SECTION. 

Neiv  England. — N.  C.  Grover,  engineer,  Orono,  Me.,  hydrographer  in  charge, 
assisted  by  H.  K.  Barrows,  assistant  engineer,  and  F.  E.  Pressey,  engineering  aid. 

New  York. — Robert  E.  Horton,  hydrographer,  75  Arcade,  Utica,  N.  Y.,  hydnv 
rapher  in  charge,  assisted  by  Clermont  C.  Covert,  assistant  engineer,  F.  H.  Tilling- 
hast,  engineering  aid,  and  others. 

Peniw/lvania,  etc. — Edwin  G.  Paul,  engineer,  Washington,  D.  C,  hydrographer  in 
charge,  assisted  by  Wilbur  C.  Sawyer,  engineering  aid. 

Southeaalem  ^SVflte*. — B.  M.  Hall,  resident  hydrographer,  and  M.  R.  Hall,  hydrog- 
rapher. Temple  Court,  Atlanta,  Ga. ;  assisted  by  James  M.  Giles,  engineering  aid, 
and  W^arren  E.  Hall,  hydrographic  aid. 

Central  States. — Edward  Johnson,  jr.,  assistant  engineer,  263  Dearlwrn  street,  Chi- 
cago, 111.,  assisted  by  Frank  W.  Hamia  and  L.  R.  Stockman,  assistant  engineers. 

Texas. — Thomas  U.  Taylor,  resident  hydrographer,  Austin,  Tex. 

DIVISION   OF   HYDROLOGY. 

EASTERN    SECTION. 

M.  L.  Fuller,  geologist  in  charge;  assisted  by  A.  C.  Veat<'>h,  assistant  geologist. 

WESTERN   SECTION. 

N.  H.  DarUm,  ge<.)logi8t  in  charge;  assisted  by  W.  V.  Mendenhall,  geologist,  and 
Gec^rge  B.  Richardson,  assistant  geologist. 

DIVISION   OF   HYDRO-ECONOMICS. 

Marshall  O.  Leighton,  hydrographer,  Washington,  D.  C,  hydrographer  in  charge; 
ai^isted  by  R.  B.  Dole,  engineering  aid. 
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BECLAMATION   SERVICK. 

Created  by  law  of  June  17, 1902,  authorizing  the  survey  and  construction  of  irriga- 
tion works  for  reclaiming  arid  lands  in  Arizona,  California,  Colorado,  Idaho,  Kansas, 
Montana,  Nebraska,  Nevada,  New  Mexico,  North  Dakota,  Oklahoma,  Oregon,  South 
Dakota,  Utah,  Washington,  and  Wyoming  from  the  proceeds  arising  from  the  sale 
and  disposal  of  public  lands. 

CHIKF  ENGINEER. 

F.  H.  Newell,  U.  S.  Geological  Survey,  Washington,  D.  C. 

EXECUTIVE   AND  CONSULTING   STAFF   REPORTING   TO   THE   CHIEF   ENGINEER. 

Arthur  P.  Davis,  supervising  engineer  and  principal  assistant,  Livingstone,  Ariz.,  or 
Chamber  of  Commerce  Building,  Denver,  Colo. 

George  Y.  Wisner,  consulting  engineer,  34  West  Congress  street,  Detroit,  Mich. 

J.  B.  Uppincott,  supervising  engineer,  408  Byrne  Block,  Los  Angeles,  Cal. 

J.  H.  Qninton,  consulting  engineer,  1016  West  Eighth  street,  Los  Angeles,  Cal. 

Wm.  H.  Sanders,  consulting  engineer,  915  Grand  View  street,  Los  Angeles,  Cal. 

H.  N.  Savage,  consulting  engineer,  San  Diego,  Cal. 

Charles  H.  Fitch,  supervising  engineer,  Chamber  of  Commerce  Building,  Denver, 
Colo. 

H.  A.  Storrs,  electrical  expert,  Chamber  of  Commerce  Building,  Denver,  Colo. 

Morris  Bien,  engineer  (on  land  and  legal  matters),  Washington,  D.  C. 

£.  Duryee,  cement  expert,  Phoenix,  Ariz. 

A.  L.  Fellows,  district  engineer,  Chamber  of  Commerce  Building,  Denver,  Colo. 

D.  W.  Roes,  district  engineer,  Boise,  Idaho. 
L.  H.  Taylor,  district  engineer,  Reno,  Nev. 
N.  H.  Darton,  geologist,  Washington,  D.  C. 

Charles  S.  Slichter,  consulting  engineer,  Madison,  Wis. 
Cyrus  C.  Babb,  district  engineer,  Malta,  Mont. 
George  B.  Hollister,  executive  officer,  Washington,  D.  C. 
T.  A.  Noble,  district  engineer,  Seattle,  Wash. 
Geoige  L.  Swendsen,  district  engineer,  Logan,  Utah. 
John  T.  Whistler,  district  engineer,  Pendleton,  Oreg. 
Gerard  H.  Matthes,  district  engineer.  Law  ton,  Ok  la. 
Jeremiah  Ahem,  engineer  for  Shoshone  district,  Cody,  Wyo. 
John  E.  Field,  engineer  for  North  Platte  (Wyo.)  district,  Cliaml)er  of  Commerce 
Building,  Denver,  Colo. 
W.  M.  Reed,  engineer  in  charge  of  Pecos  surveys,  Roswell,  N.  Mex. 
Edwin  H.  Peery,  law  clerk,  Washington,  D.  C. 

E.  C.  Murphy,  inspector  of  hydrographic  methods,  Washington,  D.  C. 

DISTRICT  ENGINEERING   FORCE. 

Arizona. — Arthur  P.  Davis,  supervising  engineer  in  charge,  Livingstone  or  Phoenix, 
Ariz.,  and  Louis  C.  Hill,  engineer,  Livingstone,  Ariz.;  assisted  by  W.  A.  Farish, 
C.  R.  Olbeig,  Archie  L.  Harris,  Willard  G.  Steward,  and  R.  W.  Hawley,  assistant 
engineers;  O.  T.  Reedy,  Beauford  E.  Hayden,  Harry  T.  Holmes,  Oliver  T.  Reedy, 
Hugh  Redmond,  and  Isaac  Voorhees,  engineering  aids,  and  others. 

Ckdifomia. — ^J.  B.  Lippincott,  supervising  engineer  in  charge,  Room  408,  Byrne 
Block,  Los  Angeles,  and  Room  431,  Rialto  Building,  San  Francisco,  Cal.;  Homer 
Hamlin,  engineer  on  Salinas  Valley,  etc.,  408  Byrne  Block,  Los  Angeles,  Cal. ;  E.  T. 
Perkins,  engineer  on  Colorado  River,  Yuma,  Ariz. ;  H.  £.  Green,  engineer  on  Sacra- 
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mento  River,  Room  431,  Riaito  Building,  San  Franciiiiicx),  Cal.,  and  8.  G.  Bennt-tt, 
engineer  on  river  measurement,  431  Riaito  Building,  San  Frani'isc'o,  Cal. ;  assi^te*!  by 
W.  B.  Clapp,  Jacob  C.  Clausen,  and  Ralph  P.  Dillon,  assistant  engineers,  and  Lini> 
B.  Brainard,  Andrew  C.  Hansen,  O.  W.  Peterson,  and  Ralph  S.  Hawley,  engineer- 
ing aids. 

Colorado. — A.  L.  Fellows,  engineer  in  charge,  Chamber  of  Commerce  Building, 
Denver,  Colo. ;  Ira  W.  McConnell,  engineer,  Montrose,  Colo. ;  Robert  S.  Stofkton, 
engineer,  Meeker,  Colo.;  M.  C.  Hinderlider,  engineer.  Chamber  of  Commerce  BuiM- 
ing,  Denver,  Colo. ;  assisted  by  W.  P.  Edwards,  Edward  E.  Sands,  Andrew  Weiss, 
Fillmore  Cogswell,  Joseph  A.  Sargent,  and  Charles  R.  Steiner,  assistant  engineeiv; 
E.  C.  Bebb,  topographer;  Lavem  J.  Charles,  Oro  McDermith,  E.  R.  Childs,  Ralph 
I.  Meeker,  and  Roy  H.  Bolster,  engineering  aids,  and  others. 

Idaho. — D.  W.  Ross,  engineer  in  charge,  Boise,  Idaho;  assisted  by  John  T.  Burke, 
Charles  B.  Smith,  and  James  G.  Camp,  assistant  engineers;  G.  H.  Hogue,  I.<e<>n  U 
Gay,  H.  S.  Williams,  William  G.  Davies,  Chester  C.  Fisher,  Robert  J.  Newell,  John 
L.  Savage,  Fred  Stockton,  and  N.  S.  Dils,  engineering  aids. 

Kanms. — Charles  H.  Fitch,  su{^rvising  engineer.  Chamber  of  Commerce  Building, 
Denver,  Colo.;  W.  G.  Russell,  hydrographer,  Russell,  Kans. 

Montana. — Cyrus  C.  Babb,  engineer,  Malta,  Mont.;  assisted  by  S.  B.  R<)bl>in?», 
engineer,  C.  M.  Pritchett,  E.  W.  Myers,  Alden  M.  Sprigg,  Harry  T.  Paterson,  L.  E. 
Grauke,  Carlos  T.  Prall,  Josiah  L.  Rhead,  and  Goyne  Drummond,  assistant  engineers; 
Adolph  E.  Place,  Arch.  M.  Gilbert,  and  William  P.  Fiynn,  engineering  aids,  and 
Charles  E.  Slonaker,  observer. 

Nebraska. — John  E.  Field,  engineer  for  North  Platte  district,  assisted  by  A.  J. 
Parshall,  hydrographer;  J.  D.  Stannard,  L.  V.  Branch,  Charles  (t.  Carpenter,  an<i 
L.  M.  Lawson,  assistant  engineers;  Hugh  G.  Stokes,  Frank  C.  Magruder,  Francis  M. 
Madden,  Ray  Owen,  and  W.  R.  Saxton,  engineering  aids;  J.  M.  Heizer,  lield 
assistant. 

Nevada. — L.  H.  Taylor,  engineer  in  chaige,  Reno,  Nev.;  assisted  by  William  E, 
Swift,  consulting  engineer;  AU^ert  E.  Chandler,  engineer;  Augustus  V.  Saph,  hydn>g- 
rapher;  Fred  A.  Temple,  Alfred  C.  Lootz,  William  Sargeant,  D.  W.  Hays,  W^.  A. 
Keddie,  Burt  E.  Forties,  and  C.  V.  Taylor,  assistant  engineers;  L.  L.  Richard,  C.  H. 
South  worth,  Edwin  P.  Arnot,  John  D.  Camen>n,  Bertram  E.  Corlett,  I.  W.  Hufiaker, 
and  Aug.  H.  Schadler,  engineering  aids,  and  others. 

New  Mexico. — Arthur  P.  Davis,  supervising  engineer,  Phoenix,  Ariz.;  W.  M.  Recti, 
engineer  in  charge  of  Pecos  surveys,  Roswell,  N.  Mex.;  assisted  by  Hurd  C.  Kurd, 
assistant  engineer;  Ernest  L.  Robinson,  Otis  L.  Mclntyre,  Earl  G.  Marsh,  Sam  G. 
Porter,  Frank  S.  Dobson,  engineering  aids,  and  others. 

Also  J.  A.  French,  engineer  in  charge  of  surveys  on  the  Rio  Grande;  assisted  by 
George  E.  Stratton,  assistant  engineer;  Clarence  K.  Hosford,  Williard  R.  Ewing  and 
Ernest  D.  Hendricks,  engineering  aids,  and  others. 

North  Dakota. — Charles  H.  Fitch,  supervising  engineer.  Chamber  of  Commerce 
Building,  Denver,  Colo.;  Frank  E.  Weymouth,  assistant  engineer  in  charge;  a*«iste<l 
by  John  N.  Kerr  and  Elwyn  F.  Chandler,  assistant  engineers;  Frank  A,. Wilder  and 
others. 

Oklahoma. — Gerard  H.  Matthes,  engineer,  Lawton,  Okla.;  assisted  by  Ferdinand 
Bonstedt,  assistant  engineer,  on  reconaissance  of  reservoir  sites;  also  Charles  E. 
Gordon,  L.  M.  Holt,  Joseph  J.  Reamer,  and  Arville  C.  Redman,  assistant  engineers; 
George  L.  Warner,  engineering  aid;  John  E.  Fennerty,  field  assistant,  and  others. 

Oregon. — John  T.  Whistler,  engineer  in  charge,  Pendleton,  Oreg. ;  assisted  by 
W.  T.  Turner,  topographer;  Heri)ert  D.  Newell,  M.  D.  Williams,  an<l  T.  B.  White, 
assistant  engineers;  Edmund  I.  Davis,  Fred  W.  Huber,  John  H.  Lewis,  engineering 
aids;  F.  K.  Lowry,  field  assistant,  and  others. 
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Soulk  Dakota. — Charles  H.  Fitch,  Buperviaing  engineer,  (/hamber  of  Commerce 
Building,  Denver,  Colo. ;  Raymond  F.  Walter,  engineer.  Belle  Fourehe,  S.  Dak. 

Utah. — Geoi^*^  L.  Swendsen,  engineer,  P.  O.  box  S,  Salt  liake  City,  Utah  (D.  W. 
R068,  consulting  engineer,  Boise,  Idaho),  assisted  by  William  P.  llardesty,  William 
K.  Yoang,  and  Caleb  Tanner,  assistant  engineers;  and  Milo  H.  Brinkley,  Thomas  H. 
Humphreys,  Henry  S.  Kleinschmidt,  and  W.  W.  McLaughlin,  engineering  ai<ls. 
Howard  S.  Reed,  assistant  engineer,  in  chai^  of  stream  measurements  on  Uinta 
Indian  Reservation. 

Wfishington, — ^T.  A.  Noble,  engineer,  427  Peyton  Block,  8|x>kane,  Wash.,  assisted 
by  Christian  Anderson,  assistant  engineer;  W.  W.  Schlecht,  assistant  topographer; 
(George  H.  Bliss,  assistant  engineer;  Charles  E.  Hewitt,  Ernest  A.  Bailey,  Calvin 
Casteel,  Charles  B.  Cox,  Geoige  F.  Harley,  and  Olaf  Laurgaarcl,  engineering  aids. 

Wyoming, — Jeremiah  Ahem;  engineer  for  Shoshone  district,  Cody,  Wyo.,  assisted 
by  A.  H.  Horton,  assistant  engineer;  P.  M.  Churchill,  assistant  hydrographer;  E.  S. 
Ela,  assiatant  topographer;  H.  R.  Evans,  Austin  C.  Downey,  Thomas  J.  Stiickler, 
and  C.  P.  Bowie,  engineering  aids. 

ACC50UNT8  AND   PROPERTY. 

The  hydrc^raphers  and  engineers  named  in  the  following  list  are  authorized  to 
certify  accounts  for  approval  by  the  chief  engineer,  and  are  responsible  to  the  chief 
engineer  for  property  purchased  in  the  field. 

DIVISION   OF  HYDIUXiRAPHY. 

EaOem  sedion. — N.  C.  Grover,  R.  E.  Horton,  E.  G.  Paul,  M.  R.  Hall,  E.  Johnson,  jr. 

DIVISION  OF    HYDROLOGY. 

EaiAem  sedwti. — M.  L.  Fuller. 
Western  section. — N.  H.  Darton. 

DIVISION   OF   HYDRO-ECX>NOMICB. 

M.  O.  Leighton. 

RECLAMATION   SKRVICB   AND   WESTRRN  SBCTION   OF   HYDROGRAPHY. 

Arizona, — Arthur  P.  Davis. 

California. — ^J.  B.  Lippincott. 

Colorado. — A.  L.  Fellows. 

Idaho,— D.  W.  Ross. 

Kansas. — Charles  H.  Fitch. 

Montana. — Cyrus  C.  Babb. 

Nebraska. — J.  E.  Field. 

Nevada. — L.  H.  Taylor. 

New  Mexico,  Rio  Grande  district, — A.  P.  Davis. 

New  Mexico,  Pecos  district. — W.  M.  Reed. 

North  Doitoto.— Charles  H.  Fitch. 

Oklahoma. — Grerard  H.  Matthes. 

Oregon, — John  T.  Whistler. 

South  Dajfeoto.— Charles  H.  Fitch. 

Viah. — George  L.  Swendsen. 

Washington. — ^T.  A.  Noble. 

Wyoming. — Jeremiah  Ahem. 


REPORT  OF  THE  CONFERENCE. 


AI>I>RKSS  BY  THT5  CHIEF  KNOINKEB 

[At  8  a.  ni.  on  Tuesday,  September  15,  the  meeting  was  called  to 
order,  and  the  chief  engineer  made  an  informal  address  upon  the 
organization  of  work  of  the  reclamation  service,  questions  being 
invited  and  discussion  ensuing  on  varioas  topics  thus  brought  up. 
The  principal  points  covered  are  given  in  the  following  pages,  various 
details  being  amplified,  as  a  result  of  the  discussion.] 

PURPOSE  OP  THE  MEETING. 

The  principal  engineers  of  the  reclamation  service  have  been  here 
brought  together  in  this  first  general  meeting  for  the  purpose  of 
becoming  better  acquainted  with  each  other  and  with  the  work  of  the 
service,  and  of  exchanging  views  and  information  concerning  the 
work  in  hand  and  that  which  is  planned  for  the  future.  The  opera- 
tions which  have  been  authorized  b}'  the  reclamation  law  of  June  17, 
1902,  have  expanded  rapidly,  and  in  the  haste  of  pushing  forward 
the  organization  and  field  work  in  order  to  attain  important  results 
diverse  methods  have  arisen  and  important  questions  have  been  asked, 
the  answers  to  which  can  be  given  only  after  more  complete  knowl- 
edge is  gained  in  regard  to  the  work  in  progress  and  the  men  who  are 
executing  it. 

In  a  general  meeting  of  the  principal  members  of  the  reclamation 
service  it  is  possible  to  state  facts  and  discuss  matters  with  a  thor- 
oughness and  understanding  which  is  impossible  through  formal 
reports  or  correspondence.  Many  details  may  be  talked  over  here 
which  can  not  with  propriety  be  brought  up  elsewhere,  and  it  is  desired 
to  have  a  full  and  clear  understanding  of  points  that  may  be  a  source 
of  inquiry  or  doubt  to  the  men  in  the  field. 

The  reclamation  law  requires  surveys  and  examination  in  thirteen 
States  and  three  Territories.  To  carry  into  effect  the  objects  of  th  ' 
law,  an  engineering  corps  known  as  the  reclamation  service  has  been 
organized  by  the  Secretary  of  the  Interior  as  a  portion  of  the  hydro- 
graphic  branch  of  the  United  States  Geological  Survey,  in  order  to  get 
the  benefit  of  the  regulations  and  methods  of  that  Bureau. 
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The  engineers  of  the  reclamation  service  are,  in  effect,  the  advi^^^rs 
of  the  Secretarj"  of  the  Interior  in  the  great  work  of  reclaiming  the 
arid  lands  of  the  West.  They  are  to  obtain  facts  as  to  the  cost  and 
advisability  of  various  projects  and  to  submit  these  with  recommenda- 
tions for  the  construction  of  certain  selected  works.  The  attempt  has 
been  made  to  secure  the  best  engineering  experience  available  and  to 
bring  into  the  subordinate  positions  in  the  corps  3'oung,  well-trained 
men,  competent  to  carry  on  field  work  economically  and  rapidly.  The 
positions  are  filled  by  competitive  civil-sennce  examinations.  Eku!h 
district  engineer  prepares  plans  and  estimates  for  reclamation  work 
along  the  rivers  under  his  charge,  these  being  submitted  to  the  con- 
sulting engineers  for  examination  and  criticism.  If  approved,  the 
reports  are  forwarded  to  the  Secretary  of  the  Interior  with  recom- 
mendations for  immediate  construction. 

In  making  these  recommendations  to  the  Secretary,  the  relative 
importance  of  the  work  is  considered,  as  well  as  the  economy  of  con- 
struction, the  cost  of  reclamation,  the  character  of  the  land,  and  all 
other  facts  which  bear  upon  the  feasibility  and  probability  of  bringing 
about  the  settlement  and  thorough  cultivation  of  the  reclaimed  area. 
The  prime  requisite  is  tliat  prosperous  homes  may  be  made  upon  the 
irrigated  lands.  At  present  the  projects  are  all  large  and  expensive, 
as  most  of  the  smaller  reclamation  schemes  have  either  been  con- 
structed by  private  enterprise  or  can  be  so  constructed  if  left  for  this 
purpose. 

Actual  settlement  and  cultivation  of  the  reclaimed  lands  is  required 
by  the  terms  of  the  law,  and  there  is  little,  if  an}^  possibility  of  spec- 
ulation, since  the  individual  who  takes  up  the  land  must  live  on  it  five 
years  and  can  acquire  complete  title  only  after  all  payments  for  water 
are  made.  The  cost  of  the  works  is  ultimately  refunded,  and  the 
money  thus  returned  to  the  Treasury  can  be  used  over  again  for 
building  other  works. 

Of  the  various  projects  now  under  consideration,  one,  in  Nevada,  is 
actually  under  construction.  Others  are  at  a  point  where  the  specifica- 
tions and  form  of  contract  are  nearly  ready  for  submittal  to  the  Seci'e- 
tary.  Many  projects  have  been  examined  and  condemned  or  laid  aside 
for  future  action.  The  careful  survey  and  examination  necessary  to 
determine  the  feasibility  of  these  projects  necessarily  consume  time,  but 
all  friends  of  the  work  are  willing  and  desirous  that  ample  time  should 
be  til  ken  to  ascertain  all  the  facts  and  to  avoid  mistakes.  With  a  well- 
organized  engineering  corps  actively  in  the  field  at  work  and  con- 
struction closely  following  the  determination  of  the  e^ssential  facts, 
it  will  be  possible  to  bring  under  irrigation,  before  many  years, 
considerable  areas  of  lands  now  vacant  and  useless.  The  creation 
from  these  desert  tracts  of  homes  for  hundreds  of  families  will  make  a 


KEWELL-]  GENERAL    DITTIES    OF   ENOINEEB8.  28 

wondei-ful  change  in  the  western  part  of  our  country,  and  will  create 
in  it  a  higher  standard  of  living  and  of  citizenship. 

The  object  of  this  meeting,  and,  in  fact,  of  all  such  conferences  and 
all  inspections,  is  to  learn  how  to  do  things.  The  duty  of  an  engineer 
has  been  stated  to  be  that  of  accomplishing  for  one  dollar  what  the 
ordinary  man  does  for  two  or  more  or  does  not  do  at  all.  In  private 
affairs  this  doing  of  things  mpidly  and  accuratelj'^  is  difficult  in  itself, 
but  under  governmental  regulations  the  accomplishing  of  results 
economically  and  efficiently  requires  more  skill  and  forethought,  owing 
to  the  man}'  necessary  checks  and  requirements  of  law.  The  resources 
of  the  Government  offer  wonderful  opportunities,  but  these  magnificent 
facilities  for  work  on  a  large  scale  are  in  part  offset  by  exacting  and 
intricate  requirements.  In  our  work  we  must  have  not  merely  good 
engineers,  but  men  who  can  and  will  study  the  reasons  and  underlying 
principles  of  national  law,  and  who  can  skillfully  guide  and  direct 
affairs,  meeting  all  requirements  directly  and  accurately. 

It  must  be  borne  in  mind  that  the  success  of  the  reclamation  service 
depends  not  only  on  good  engineering  w^ork,  but  also  on  the  constant 
exercise  of  sound  judgment  and  of  tact  in  dealing  with  what  may  be 
called  the  human  or  social  problems.  The  physical  side  offers  great 
difficulties  to  the  engineer,  but  these  frequently  become  less  detri- 
mental to  ultimate  success  than  the  conditions  arising  from  human 
agencies. 

Everything  depends  on  unity  and  continuity  of  purpose  and  of  action 
and  the  creation  of  an  esprit  de  corps,  or  what  may  be  expressed  as 
the  holding  of  a  unity  of  ideals  by  the  entire  body  of  men  engaged  in 
the  work. 

The  supervising  and  district  engineers  and  chiefs  of  parties  should 
inculcate  in  the  younger  men  the  comprehension  that  success  is  depend- 
ent largely  upon  ability  to  carry  out  the  purpose  of  the  work  without 
minute  instructions.  Every  man  must  have  clearly  in  mind  the  object 
of  the  work,  and  be  prepared  to  exercise  good  judgment  in  producing 
the  desired  end.  The  abilit}'^  to  accept  responsibility  and  accomplish 
results  is  the  principal  factor  to  be  considered  in  advancing  each  man. 
At  the  same  time  there  must  be  a  proper  observance  of  rules  and 
regulations  in  order  to  conform  to  essential  requirements,  but  it  must 
be  remembered  that  the  strict  observance  of  rules  is  never  an  adequate 
substitute  for  good  judgment. 

In  this  geneml  discussion  it  is  desired  to  take  up  first  matters  relat- 
ing to  the  personnel  and  the  relation  of  the  men  to  one  another;  next 
the  organization,  its  strength  and  limitations;  then  the  appointment 
of  committees  and  other  matters;  next  the  work  by  committees;  then 
the  consideration  of  the  reclamation  hnv,  the  policy  which  has  been 
outlined,  and  the  relation  to  the  public  in  general. 
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PERSONNEL  OF  THE  SERVICE. 

In  the  work  authorized  by  the  reclamation  law,  opportunities  are 
offered  for  achieving  some  of  the  grandest  results  conceivable  by  the 
human  mind,  viz,  the  utilization  of  the  resources  of  nature  and  the 
creation  thereby  of  thousands  of  prosperous  homes  throughout  an 
arid  region.  It  is  not  necessary  to  dwell  upon  this  matter,  but  at  this 
time  it  is  sufficient  to  call  attention  to  the  fact  that  the  accomplish- 
ment of  this  great  work  necessitates  the  creation  and  organization  of 
a  thoroughly  well-equipped  body  of  men.  The  Secretary  has  thou^t 
fit  to  intrust  this  work  to  the  Director  of  the  Geological  Survey,  and 
he  in  turn  has  authorized  the  formation  of  a  corps  of  engineers  and 
experts  as  one  of  the  parts  of  the  hydrographic  branch  of  that 
Survey. 

The  rules  and  precedents  governing  the  Geological  Survey  are,  it  is 
believed,  among  the  best  of  those  of  any^  Government  bureau.  There 
is  an  elasticity  about  the  organization  which  enables  individual  devel- 
opment, and  there  is  a  constant  attempt  made  to  conduct  affairs  on 
purely  business  principles,  and  j-et  with  scientific  care  and  accurao}-. 
It  is  without  doubt  an  honor  to  be  a  member  of  the  Geological  Survey, 
and  it  is  hoped  that  the  high  standard  that  has  prevailed  in  that  corps 
of  scientific  workers  w^ill  be  maintained  and  advanced  in  the  reclama- 
tion service. 

Every  effort  should  he  made  to  attain  the  highest  possible  efficiency 
in  every  branch  of  the  work.  The  men  who  come  into  the  regular 
force  of  the  reclamation  service  do  so  through  competitive  civil-ser%'- 
ice  examination.  It  must  not  be  supposed,  however,  that  a  man  who 
passes  the  examination  and  is  appointed  has  met  the  only  requirement. 
This  is  but  the  beginning;  and  no  man  should  be  retained  in  the  serv- 
ice who  does  not  keep  up  to  the  standard  set.  It  has  been  found 
desirable,  from  time  to  time,  to  intimate  to  various  men  who  have 
civil-service  appointments  that  they  are  not  performing  their  duties 
in  the  best  manner  possible  and  that  imless  marked  improvement  ia 
seen  in  their  work  their  resignations  will  be  accepted.  This  hint  has 
generally  been  sufficient. 

It  should  be  })orne  in  mind  at  all  times  that  we  can  not  be  satisfied 
with  men  who  are  simply  "  good  enough."  If  a  man  is  mediocre  or 
takes  only  a  perfunctory  interest  in  his  work,  this  fact  should  be 
clearly  stated  and  he  should  be  induced  to  seek  employment  elsewhere. 
This  applies  particularly  to  the  younger  men  who  are  just  entering  the 
service.  It  is  sometimes  the  very  best  kindness  to  them,  as  well  as  a 
duty  to  the  organization,  to  show  them  that  employment  in  this  service 
means  efficiency  and  devotion  to  work. 

During  the  past  year  or  two  the  papers  of  sevei^al  hundred  men 
have  passed  through  mv  hands,  and  I  have  talked  with  many  of  these 
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or  have  had  correspondence  with  them.  A  ^reat  many  people  endeavor 
to  enter  the  Government  service,  and  some  of  them  have  extremely 
curious  notions  regarding  the  work  and  what  is  required  of  them.  It 
is  difficult  to  convince  some  of  these  people  that  the  Government  serv- 
ice demands  that  the  best  business  principles  must  be  followed,  and 
that  every  eflfort  is  being  made  to  find  out  the  ability  of  each  man  and 
^ve  him  recognition  according!}'.  Indorsements  or  importunities  from 
any  source  other  than  those  of  a  strictly  business  character  are  not 
needed,  and  ma}^  be  detrimental,  especially  if  employment  is  sought 
on  political  grounds.  No  considerations  of  sentiment,  religion,  or 
politics  should  have  any  weight,  but  each  mati  should  be  judged  solely 
by  his  character,  ability,  and  physique. 

There  is  a  special  provision  in  section  10  of  the  civil-service  law 
(approved  January  16,  1883),  regarding  recommendations  by  mem- 
bers of  Congress.  This  is  frequently  overlooked  by  persons  who 
have  the  mistaken  idea  that  they  may  be  appointed  or  advanced  by 
the  use  of  influence  from  this  direction.     It  reads  as  follows: 

That  no  recommendation  of  any  person  who  shall  apply  for  office  or  place  under 
the  provisions  of  this  act  which  may  be  given  hy  any  Senator  or  Meml)er  of  the 
House  of  Bepresentatives,  except  as  to  the  character  or  residence  of  the  applicant, 
shall  be  received  or  considered  hy  any  person  concerned  in  making  any  examination 
or  appointment  under  this  act. 

There  are  also  men  who  desire  a  position  on  the  reclamation  service 
for  the  advertising  it  may  bring  them  and  with  the  hope  of  obtaining 
through  it  occasional  outside  employment  as  specialists.  It  has  been 
found  wise  to  require  that  each  man  connected  with  the  Geological 
Survey  or  its  branches  shall  devote  all  of  his  energies  to  the  work  for 
which  he  is  engaged  and  to  abstain  from  any  other  occupation  for 
which  he  will  receive  remuneration.  In  short,  his  entire  time  and 
energies  should  be  devoted  to  advancing  the  work  on  which  he  is 
engaged. 

Great  care  must  be  taken  in  the  case  of  new  men  to  see  that  they  are 
physically  able  to  endure  the  work.  A  number  of  well-educated  and 
experienced  men  have  fallen  out  on  account  of  lack  of  physical  strength. 
In  one  or  two  instances  men  have  been  transferred  without  specific 
inquiry  into  this  matter,  and  considerable  exf)ense  and  annoyance  to 
the  service  and  to  the  friends  of  these  men  have  resulted,  as  they  have 
developed  sickness  when  far  away  from  medical  treatment  or  means  of 
transportation. 

The  opinion  seems  to  be  prevalent  that  if  a  sick  man  or  one  partly 
well  can  only  get  employment  in  a  Government  party  he  will  have 
opportunity  for  rest  and  recovery.  This  is  true  particularly  as  to 
persons  afflicted  with  consumption,  many  of  whom  have  sought  in 
every  possible  way  to  get  employment  in  the  arid  West.  In  a  few 
instances  such  men,  apparently  in  good  health,  have  become  attached 
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to  field  parties,  but  the  hardships  have  l)een  too  severe,  and  they  have 
succumbed.  While  we  have  pity  for  such  unfortunate  cases,  we  can 
not  encumber  the  field  work  by  employing  these  men,  nor  can  we  afford 
to  run  risks  of  injury  to  them  or  to  others. 

Great  care  must  also  be  exercised  concerning  men  of  another  class, 
who  are  trying  to  get  into  the  reclamation  service.  These  are  young 
college  students  or  graduates,  who  merely  desire  summer  occupation  or 
an  outing.  A  number  of  such  men  have  been  obtained  through  civil- 
service  certification,  and  after  they  had  been  transported  to  different 
points  they  have  stated  that  they  did  not  intend  to  continue  in  the 
work  and  have  gone  elsewhere.  Attempt  is  made  to  ascertain  in 
advance  whether  each  new  man  intends  to  remain  indefinitelv  with  the 
service;  but  if  men  who  are  restless  or  who  change  their  minds  are 
employed,  it  is  desirable  to  get  rid  of  them  as  soon  as  possible  in  order 
not  to  waste  money  on  their  education.  Much  of  the  investigation 
being  carried  on  has  high  educational  value,  and  the  men  who  are  thiL< 
trained  should  be  retained  as  far  as  possible  for  the  future  work  of  the 
service. 

Occasionally  a  man  has  been  found  to  be  good,  but  not  woith  the 
salary  paid.  In  such  a  case  recommendation  should  be  made  for  its 
reduction  to  the  amount  which  he  is  actually'  worth,  and  opportunity 
should  be  given  for  him  to  work  up  if  he  shows  capacity  and  energ}'. 
On  the  other  hand,  if  a  man  receiving  a  low  salary  shows  unmistakable 
evidence  of  skill  and  administrative  ability  his  promotion  sliould  be 
reconmicnded. 

Attempts  should  be  made  to  impress  upon  all  of  the  men  in  the  serv- 
ice not  only  the  necessity  of  goo<l  work,  economically  conducted,  Imt 
also  the  importance  of  keeping  up  appearances,  both  })ersonally  and 
as  to  the  camp.  A  field  suit  of  khaki  can  l)e  obt^iined  at  a  small  price, 
and  the  men  should  be  encoui'aged  to  wear  these  suits  whenever  piuc- 
ticable  and  to  avoid  a  slouch}',  i-agged,  or  untidy  appearance.  Simi- 
larly, the  camps  should  be  arranged  in  an  orderly  manner,  the  tents 
placed  symmetrically,  and  the  spac^es  between  the  tents  kept  in  a  neat 
condition.  It  requires  no  particular  outhi}'  of  time  and  money  to  piv- 
serve  good  appearances,  and  these  have  a  reflex  action  upon  the  work. 
Acc^uracy,  economy,  and  neatness  are  usually"  coordinate. 

It  must  be  remem})ered  that  the  general  public-  judge  largely  from 
outward  apjx^arances,  and  that  each  man  is,  to  a  certjiin  extent, 
responsible  for  tlie  others  and  carries  the  reputation  of  the  entire 
service  in  his  hands.  Many  things  which  he  might  properly  do  were 
he  working  for  himself  he  can  not  do  as  a  member  of  an  engineering 
corps;  he  must  at  all  times  remember  that  he  is  a  part  of  an  organi- 
zation of  which  the  whole  may  be  judged  by  that  part. 

A  phrase  has  l)een  suggested  here  which  is  peculiarly  applicable  — 
that  iri,  the  necessity  of  good  ''team  play.''     Each  man  is  one  of  the 
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team,  and  the  successful  play  can  be  made  only  by  every  man  perfonn- 
ing  quickly  and  accurately  his  especial  part  as  the  emergency  arises. 
No  one  is  sufficiently  independent  of  the  others  to  cany  on  the  play 
alone.  We  must  have  not  only  the  very  best  men,  but  these  must  be 
capable  of  working  together  coordinately  as  parts  of  the  whole.  Many 
men  have  been  found  who  are  good  in  themselves,  but  who  can  not 
saf elj"  form  an  integral  part  of  a  great  organization,  since  they  do  not 
have  the  fundamental  ideas  of  good  ^^  team  play.'^  Each  of  these  must 
be  the  captain  or  nothing,  and  their  talents  are  wasted,  as  far  as  the 
reclamation  service  is  concerned,  by  their  failure  to  coopei'ate  and 
assist  others. 

All  of  the  work  in  hand,  especially  that  of  reconnaissance  and  pre- 
liminary' surveys,  is,  to  a  certain  extent,  full  of  emergencies.  Coun- 
tries partly  explored  or  almost  unknown  ai'e  examined  and  unexpected 
contingencies  are  constantly  arising.  Weather  conditions  play  u  large 
part,  and  the  seasons  are  frequently  such  that  certain  classes  of  work 
are  impossible.  Opportunities  must  be  seized  and  personal  conven- 
ience must  not  be  regarded.  When  floods  occur  they  must  be  measured, 
and  when  the  sky  is  clear  signals  must  be  observed  even  at  personal 
sacrifice.  For  this  reason  heat  or  cold  and  times  or  hours  of  work 
can  not  be  considered,  and  if  any  man  in  the  regular  ser\'^ice  begins  to 
complain  of  irregularities  of  hours  of  employment  do  not  hesitate  to 
recommend  him  for  private  occupation. 

When  there  is  a  particularly  good  man  in  any  part  of  the  country, 
it  is,  of  course,  the  desire  of  the  part^'  or  district  chief  to  keep  him 
there,  and  it  is  often  more  convenient  to  retain  in  one  field  the  services 
of  such  a  man;  but,  on  the  other  hand,  some  consideration  must  be 
given  the  man  himself  in  order  to  develop  and  build  him  up.  For 
this  reason  it  is  desirable  to  recommend  the  occasional  shifting  of  men 
from  one  district  to  another  in  order  to  afford  them  opportunities  for 
wider  observation  and  for  the  development  of  judgment  in  engineering 
work.  Do  not  recommend  for  transfer  only  the  men  whom  you  may 
wish  to  get  rid  of,  but  also  bear  in  mind  the  desirabilit}^  of  giving  each 
man  broad  experience,  as  far  as  the  work  will  permit. 

OFFICERS  OR  REGULAR  APPOINTEES. 

There  are  two  claases  of  men  employed  on  the  reclamation  work — 
those  who  are  regularly  in  the  service  and  those  who  are  employed 
temporarily,  from  time  to  time,  as  occasion  may  require.  Those  who 
are  I'egularly  employed  hold  an  appointment  from  the  Secretary  of  the 
Interior,  and  have  been  selected,  after  competitive  examination,  from 
lists  funiished  bv  the  Civil  Service  Commission.  All  of  the  men  who 
have  been  thus  regularly  appointed  are  officially  designated  on  the 
Government  register  as  "  temporary,"  this  being  the  designation  of 
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those  persons  whose  office  is  not  specifically  created  by  act  of  Congress. 
No  positions  in  the  reclamation  service  were  thus  specifi(*ally  created, 
and  hence  all  of  the  men  are  officially  in  the  catej^ry  of  temporarv, 
though  regular,  employees.  This  designation  need  not  alarm  any 
one,  as  the  greater  portion  of  the  force  of  the  Geological  Survey  con- 
sists of  '^temporary"  appointees,  some  of  whom  have  been  twenty 
years  or  more  in  the  service  of  the  Government  and  intend  to  devote 
the  remainder  of  their  lives  to  the  work.  A  few  pei'sons  in  the 
Geological  Surve}^  are  not  '"tenipoi^ary,"  such,  for  example,  as  the 
director,  chief  clerk,  chief  disbursing  clerk,  a  few  messengers,  etc., 
but  most  of  the  geologists,  topographers,  hydrographers,  etc.,  are 
designated  as ''temporary,"  even  though  their  terms  of  service  may 
extend  oV^er  the  greater  part  of  a  generation. 

It  is,  in  one  way,  an  advantage  to  be  a  temporary  appointee,  since 
the  compensation  of  such  an  employee  is  not  fixed  rigidly  by  law,  and 
in  his  case  it  is  possible  to  pursue  the  methods  of  ordinary  commercial 
life — that  is,  his  compensation  may  be  increased  or  reduced  at  the  will 
of  the  Secretary  and  arranged  in  accordance  with  the  ability  of  the 
employee  and  the  character  of  the  duties  performed  by  him. 

The  regular  employees  of  the  reclamation  service  are  classified ,  in 
accordance  with  duties  and  compensation,  into  various  grades,  ranging 
from  the  aids,  at  $00  per  month  or  even  less,  up  to  the  consulting 
engineers  and  chief.  The  aids,  as  a  rule,  are  young  men,  fresh  from 
college  or  technical  school,  who  are  supposed  to  have  had  a  thorough 
education  in  civil,  hydraulic,  electrical,  or  mechanical  engineering. 
Their  compensation  is  usually  $60  or  $75  a  month  for  the  first  six 
months,  or  until  ability  has  been  shown  in  the  field.  As  a  rule,  attempt 
is  made  to  procure  young  men  at  a  nominal  compensation,  in  order 
to  give  them  a  trial  and  determine  what  they  are  worth. 

After  service  in  the  field  the  aids  are  promoted  from  $720  to  $900 
or  $1,000  per  annum,  and  after  one  or  two  years  of  service  promo- 
tion to  the  position  of  assistant  engineer  may  be  considered. 

When  this  grade  is  attained  the  appointees  are  considered  as  regular 
officers  of  the  reclamation  servi(^e,  while  all  l>elow  the  class  of  assistant 
engineer — that  is,  below  class  1  of  the  civil  service — are  habitually 
spoken  of  as  occasional  employees.  The  regular  officers  are  furnished 
with  an  identification  card  for  convenience  in  transacting  business. 

The  iissistiint  engineers  are  men  who  have  had  a  certain  amount  of 
experience  in  the  field,  and  who  have  been  found  competent  to  handle 
small  field  parties  and  suggest  or  initiate  minor  branches  of  the  work. 
As  tlie  organization  now  stands,  a  considerat)le  number  of  the  assistant 
engineers  are  men  who  have  come  in  from  private  pnu^tice  and  who 
have  had  considerable  experience  in  surveying  and  constructing  irri- 
gating ditches.     Not  all  of  the  men  are  graduates  of  colleges  or  tech- 
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nical  schools,  for  the  various  ^iu(le«  of  assi8tant  onj^iiieor  have  Iwen 
sometimes  filled  by  the  promotion  of  young  men  who  have  l)een 
educated  in  the  8er\'i<'e  as  engineering  aids.  Assistant  engineers  are 
paid  $1,200,  $1,400,  and  $1J)<K)  per  annum. 

OflScers  designated  as  engineers  receive  $1,8(M)  or  more  |)er  annum. 
They  are  required  to  have  sufficient  experience  and  ability  to  carry  on 
independent  work  and  to  direct  the  movements  of  several  field  parties. 
Advancement  is  made,  as  ability  is  demonstrated,  to  $2,(XM),  $2,200,  or 
$2,400,  and  ultimately,  as  the  value  of  the  judgment  of  the  men  is 
demonstrated,  they  may  become  consulting  engineers  at  $3,000  or  more. 

Entrance  into  the  regular  service  is  gained  as  above  stated,  through 
competitive  civil-service  examination,  and  by  selection,  under  cus- 
tomary rules,  from  the  lists  submitted  by  the  Civil  SiTvice  C\)nunis- 
sion.  It  is  proposed  each  year  to  have  two  examinations  one  of 
these  will  be  held  in  the  spring  (probably  in  April)  to  secure  young 
men  who  are  about  to  graduate  from  college,  and  the  other  will  )ye 
held  in  the  fall  (probably  in  October)  to  give  an  opportunity  to  more 
experienced  men.  In  the  latter  examination  experience  counts  largely 
and  book  learning  plays  a  less  essential  part. 

ORGANIZATION. 

Next  in  importance  to  the  character  of  the  men  themselves  is  the 
general  plan  of  organization,  and  to  this  nuich  time  and  thought  has 
lx»en  devoted  during  the  past  year.  With  the  rapid  growth  there  has 
Ijeen  and  will  continue  to  be  a  gradual  shifting,  ))ut  in  a  general  way 
it  may  be  said  that  the  organization  of  the  reclamation  service  is  now 
fairlv  well  outlined. 

DISTRKTI   ENGINEERS. 

The  grouping  together  of  the  various  grades  of  aids,  assistants, 
engineers,  and  consulting  engineers,  is  based  largely  on  geographic 
divisions.  In  each  of  the  thirteen  States  and  three  Territories  named 
in  the  reclamation  law,  there  are  one  or  more  district  engineers,  the 
district  being  the  basis  of  the  organization  and  embracing  an  impoiiant 
river  basin.  The  district,  for  convenience,  is  designated  by  the  name 
of  the  State  i-ather  than  by  that  of  the  river,  provided  there  is  only 
one  district  recognized  in  a  State. 

The  district  engineer  has  charge  of  all  of  the  work  in  his  district, 
and  matters  are  referred  to  him  for  report.  He  corresponds  directly 
with  the  chief  engineer,  prepares  quarterly  estimates  of  expenditures, 
approves  all  accounts,  and  is  responsible  for  all  Government  property. 
Each  district  may  be  regarded  as  the  unit  in  the  field  organization. 

There  are  assigned  to  the  district  engineer  other  engineers  to  take 
charge  of  various  parts  of  the  work,  and  under  these,  in  turn,  are 
assistant  engineers   and  aids  to  execute   the  details.     The  assistant 
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engineer,  as  a  rule,  hem  charge  of  a  small  party,  and  acts  as  principal 
instrument  man.  The  aids  act  as  recorders,  rodmen,  or  occasionally 
use  level  and  transit,  acquiring  experience  which  will  enable  recom- 
mendations to  be  made  for  their  future  promotion. 

The  district  engineer  receives  the  reports  of  the  assistant  engineers, 
arranges  and  digests  the  information,  and  elaborates  the  results  into  a 
definite  statement,  with  recommendations  concerning  the  feasibility'  of 
some  one  reclamation  project  or  another.  At  the  same  time  he  directs 
the  preliminary  surveys  and  examinations  that  are  conducted  in  various 
parts  of  his  districts,  and  keeps  all  matters  moving  forward  along  the 
lines  approved  by  the  chief  engineer. 

When  a  district  engineer  has  prepared  for  presentation  his  detailed 
report,  with  plans  and  estimates,  on  any  particular  reclamation  project, 
it  is  transmitted  to  the  chief  engineer  and  by  him  referred  to  a  board 
of  consulting  engineers  convened  for  the  purpose  and  instructed  to 
ascertain  all  the  facts,  to  verify  the  conclusions,  and  to  approve  or 
disapprove  the  recommendations. 

There  may  be  distinguished  three  stages  in  the  development  of  any 
great  project  of  reclamation:  First,  the  exploratory  and  location  sur- 
veys; second,  the  designing;  and  third,  the  execution. 

The  first  stage,  that  of  exploration  and  location,  is  carried  on  by 
the  district  engineer  and  his  assistants,  with  aid  from  a  supervising 
engineer.  His  conclusions  are  then  passed  upon  by  a  board  of  engi- 
neers, of  whom  the  supervising  engineer  is  one  of  the  members. 

The  second  stage,  that  of  designing,  is  next  taken  up  by  the  district 
engineer  with  the  assistance  of  specialists  in  the  particular  line  of  con- 
struction. The  results  are  again  passed  upon  by  the  same  or  another 
board  of  engineers,  and  if  the  results  are  approved  by  the  Secretary 
of  the  Interior  the  project  passes  to  the  third  stage,  that  of 
construction.  , 

When  a  project  reaches  the  construction  stage,  experienced  con- 
structing engineers  are  detailed  to  the  work,  these  men  being  taken 
as  needed  and  assigned  to  the  particular  work  in  hand  to  stay  with  it 
continuously  and  supervise  and  inspect  every  detail  of  construction. 
In  short,  in  all  stages  of  progress  the  attempt  is  made  to  provide  men 
specially  fitted  by  education  and  experience  to  carry  on  the  work  in 
hand.  At  the  same  time  the  number  of  men  is  kept  at  the  minimum 
and  the  force  increased  only  where  needed. 

With  this  fonn  of  organization,  it  is  expected  that  the  experienced 
men  in  the  field  will  initiate  ideas  and  make  suggestions  and  recommen- 
dations, to  be  passed  upon  by  the  chief  engineer  and  boards  of  consult- 
ing engineers.  These  ideas  may  l>e  modified  or  expanded,  but  the 
success  of  any  man  rests  largely  upon  his  intelligence  in  grasping  the 
general  situation,  and  his  ability  to  execute  readily  and  economically 
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the  conceptions  which,  originating  largely  with  himself  or  his  assistants, 
are  approved  before  being  put  into  effect. 

SUPERVISING   ENGINEERS. 

The  supervising  engineers  are  in  effect  deputies  of  the  chief  engi- 
neer and  possess  all  requisite  authority  to  execute  the  work  which  may 
)h*  delegated  to  them.  As  it  is  impracticable  for  any  one  man  to 
supervise  all  of  the  operations  of  planning  and  construction,  the  terri- 
tor\'  of  the  supervising  engineers  is  designated  in  general  terms  and 
is  being  in  each  case  gradually  narrowed,  additional  supervising  engi- 
neers being  designated  from  time  to  time  as  the  work  progresses. 
The  supervising  engineers  are  men  of  experience  in  engineering  affairs 
and  in  executive  work,  and  they  may  serve  as  consulting  engineers, 
but  it  is  assumed  that  the  greater  part  of  their  time  will  be  used  in 
the  ex(»cutive  work  pertaining  to  the  conduct  of  affairs  in  the  various 
districts  under  their  charge. 

CONSULTIN(J   ENCHNEERS. 

The  consulting  engineers  are  men  employed  continuously  to  giv^e 
advice  and  suggestions  concerning  various  details  of  the  engineering 
work.  They  have  few,  if  any,  executive  functions,  but  upon  them  is 
placed  the  responsibility  of  determining  engineering  details  and  poli- 
cies. They  are  not  limited  geographically  in  their  operations,  but 
their  sphere  of  activity  is  rather  in  specialization  of  operations.  That 
is  to  say,  the  consulting  engineer  of  most  experience  in  cement  work 
is  called  into  consultation  in  any  part  of  the  country  where  important 
questions  are  raised  concerning  the  use  of  cement  in  large  quantities. 

The  consulting  engineers  are  generalh'  organized  into  boards,  as  the 
problems  presented  in  any  one  lo<*ality  may  fall  into  various  depart- 
ments of  engineering.  They  travel  widely,  and  meet  accoixling  to 
prearranged  programme,  bringing  together  such  of  the  men  as  are 
believed  to  l)e  best  qualified  to  pass  upon  the  broad  problems  met  in 
each  project.  The  supervising  and  district  engineers  are  usually 
called  in  consultation  wherever  practicable,  but  the  main  features  are 
left  to  the  decision  of  the  engineers  employed  in  a  consulting  capacity. 

PLACING   OF   RESPONSIBILITY. 

In  the  organization  of  the  reclamation  service  great  care  has  been 
taken  to  preserve  and  place  direct  responsibility  upon  each  individual, 
so  that  he  appreciates  his  relation  to  the  work  and  is  stimulated  by 
the  fact  that  he  will  receive  recognition  or  disapproval  according  to 
his  actions  or  judgment. 

In  widely  diverse  and  broadly  scattered  work  of  this  kind  a  carefully 
graded  organization  is  needed  to  insure  the  complete  responsibility  of 
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individuals  and  to  have  the  burden  bear  upon  each  individual  precisely 
in  proportion  to  his  experience  and  opportunities. 

Primarily,  the  Secretary  of  the  Interior,  as  required  by  law,  i*  the 
responsible  officer.  He  in  turn  holds  responsible  the  Director  of  the 
Geological  Survey,  and  he  in  turn  the  chief  engineer  of  the  reclamation 
service.  Under  the  direction  of  the  latter  are  the  super\'ising  and 
consulting  engineers,  each  of  whom,  acting  individually  or  in  boards, 
submits  carefully  prepared  written  statements  and  recommendations 
covering  each  important  point.  Next  come  the  district  engineers, 
who  have  the  direct  and  immediate  responsibility  for  all  work  in  their 
districts,  and  under  these  are  the  designing  and  constructing  engineers, 
the  inspectors,  instrument  men,  etc.,  each  with  his  specified  line  of 
work. 

The  two  principal  ends  aimed  at  by  the  organization  of  the  reclamation 
engineers  as  outlined  are,  first,  the  fixing  of  responsibility  definitely 
upon  those  engineers  to  whom  the  execution  of  a  project  is  assigned: 
and,  second,  the  securing  of  such  elasticity  in  the  organization  that 
the  best  talent  possessed  by  the  corps  of  engineer  may  easih'  be  applied 
to  the  special  needs  of  the  service. 

In  order  to  attain  these  ends  the  execution  of  each  project  is  placed 
in  the  hands  of  a  limited  number  of  engineers,  preferably  three  —viz,  a 
resident  engineer,  a  district  engineer,  and  a  supervising,  directing,  or 
consulting  engineer,  whose  duties  are  as  follows: 

(a)  The  resident  engineer  is  directly  in  charge  of  the  construction 
work,  and  reports  to  the  district  engineer. 

(J)  The  district  engineer  has  general  supei'vision  of  the  execution  of 
the  project,  and  reports  to  the  chief  engineer. 

(c)  The  supervising,  directing,  or  consulting  engineer  is  definitely 
attached  to  the  given  project,  being  selected  and  assigned  to  that  duty 
by  the  chief  engineer,  and  he  reports  to  the  chief  engineer  only  in 
conjunction  with  the  district  ai)d  resident  engineers. 

These  three  engineers  constitute  what  may  be  termed  the  '*  project 
board"  for  a  particular  project.  They  are  individual!}'  and  jointly 
responsible  for  the  successful  carrying  out  of  the  approved  plans  cov- 
ering a  project,  and  for  all  expenditures  incurred  in  connec^tion  with 
the  execution  of  the  project. 

The  resident  engineer  devotes  himself  exclusively  to  a  particular 
project;  the  district  engineer  div'ides  his  attention  among  all  the  proj- 
ects, whether  contemplated  or  approved,  lying  within  his  district;  the 
supervising  engineer  divides  his  attention  among  all  the  projectij, 
regardless  of  districts  to  which  he  is  assigned. 

The  district  engineer  keeps  in  close  touch  with  the  details  of  the 
work  being  done  by  the  resident  engineer,  so  that  practicall}'^  nothing 
will  be  done  without  the  joint  knowledge  and  approval  of  these  two 
members  of  the  project  board. 
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All  reports,  estimates,  and  general  statementH  covering  expendi- 
tures are  made  out  or  approved  in  the  office  of  the  district  engineer 
for  transmittal  to  headquarters. 

The  supervising  engineer  gives  sufficient  study  to  the  project  to 
keep  himself  adequately  posted  regarding  the  progress  of  the  work, 
so  that  he  considers  himself  equally  responsible  with  the  other  mem- 
bers of  the  project  board  for  all  work  and  expenditures  involved  in 
the  execution  of  the  project.  To  this  end  he  visits  the  projecit  as 
often  as  he  or  the  district  engineer  deems  necessary,  and  receives  from 
the  district  engineer  such  reports  of  the  work  being  done  or  contem- 
plated as  will  enable  him  to  prevent  the  carrying  out  of  any  plans  or 
the  making  of  any  expenditures  of  which  he  does  not  approve  and  for 
which  he  is  not  willing  to  be  held  responsible. 

The  supervising  engineer,  at  the  request  of  the  chief  engineer  or 
the  district  engineer,  considers  and  definitely  reports  any  feature  of 
the  project'  upon  which  a  final  decision  is  required. 

The  second  object  aimed  at — viz,  elasticity  and  adaptability  as  regards 
the  character  and  qualifications  of  the  engineers  of  the  service  in 
relation  to  the  varying  demands  of  the  work — is  secured  by  means  of 
the  following  arrangement: 

All  the  supervising  engineers  are  members  of  and  constitute  the 
boai'd  of  supervising  engineers.  At  least  one  supervising  engineer  is 
usualh'^  present  in  the  Washington  office,  and  at  the  direction  of  the 
chief  engineer  fills  the  position  of  acting  or  deputy  chief  engineer. 
Whether  the  chief  engineer  is  present  or  absent,  the  supervising  engi- 
neer, who  is  designated  as  acting  chief  engineer  for  the  time  being, 
dispatcher  all  the  business  of  that  office  within  the  limits  of  his  author- 
ity and  ability. 

BOARDS  AND  COMMITTEES. 

While  the  reclamation  service,  for  effective  administration,  is  and 
must  be  a  one-man  organization,  in  the  sense  that  one  man  is  respon- 
sible at  each  stage  of  the  proceedings,  yet  at  the  same  time,  for 
consulting  and  advisory  purposes,  it  is  organized  into  a  number  of 
committees — that  is  to  say,  in  the  execution  of  the  work,  the 
chief  engineer,  or  the  district  engineer,  or  the  engineer  in  the  field, 
or  the  assistant,  etc.,  is  directly  responsible  for  certain  details,  and 
the  responsibility  is  rigidly  enforced — yet  in  matters  of  opinion  the 
advice  of  a  number  of  men  is  sought.  For  this  purpose  committees  are 
constituted  to  advise  the  chief  engineer.  These  committees  consist  of 
men  who  are  familiar  with  certain  details,  and  whose  knowledge  is 
needed  in  making  plans  for  the  future.  There  are  many  of  these  com- 
mittees; some  of  them  constituted  for  temporary  purposes  and  then 
discharged;  others  practically  continuous,  the  personnel  changing 
IRR  93—04 3 
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^adually.  The  chief  engineer  is  ex  officio  a  member  of  all  comiuit- 
tees,  even  though  not  mentioned  among  the  names.  A  list  of  comfnit- 
tees  appointed  at  the  Ogden  meeting  is  given  on  page  14. 

An  arbitrary  distinction  is  made  between  boards  and  committees  in 
that  the  term  "board"  is  used  to  include  occasional  organization  of 
engineers  in  the  field  for  consideration  of  specific  projects  for  con- 
struction and  to  take  up  special  points  of  engineering  practice.  Under 
the  term  '^ committee"  is  included  the  office  organizations  or  groups 
of  men  appointed  at  engineering  conferences  to  consider  methods  of 
transa<5tion  of  business,  coordination  of  the  various  part«  of  the 
reclamation  service,  legal  or  phj^sical  questions  which  pertain  to  the 
operations  of  the  service,  and  various  matters  of  this  kind  which  relate 
more  directly  to  administrative  operations. 

All  actions  of  boards  or  committees  should  be  unanimous,  if  possible, 
and  a  carefully  prepared  report  should  be  signed  by  all  meml>ers,  each 
becoming  individually  responsible  for  the  accura(*y  of  the  statements 
or  for  the  correctness  of  the  judgment.  These  reports  should  Ik> 
addressed  to  the  chief  engineer,  and  should  be  as  explicit  and  concise 
as  possible. 

COMMITTEE   ON  PERSONNEL. 

One  of  the  most  important  committees  is  that  on  personnel.  This 
is  constituted  of  persons  who  are  best  acquainted  with  the  men  and 
their  work,  and  who  visit  the  various  field  parties  and  form  an  opinion 
of  the  operations.  This  committee  makes  recommendations,  from 
time  to  time,  regarding  the  advancement  or  dropping  of  certain  men 
or  their  assignment  to  various  classes  of  work.  It  is  expected  that 
this  committee  will  make  such  recommendations  to  the  chief  engineer 
in  May  and  November,  and  that  these  recommendations  will  appW  to 
the  entire  list  of  regular  emplo^'^ees.  Each  district  engineer,  and  in 
some  cases  a  chief  of  field  party,  will  be  expected  to  state  to  the  tH>ni- 
mittee  confidentially  his  opinion  as  to  the  relative  ability  of  the  men 
working  under  his  direction.  Action  by  the  committee  is  to  be  based 
wholly  upon  the  ability  of  each  man  and  the  results  accomplished  b^^ 
him  in  his  line  of  work. 

Any  importunities  or  attempts  to  influence  the  judgment  of  the 
committee  or  of  the  chief  will  count  against  the  men  making  them. 
There  is,  unfortunately,  an  opinion  prevalent  in  certain  quarters  that 
in  Government  work  it  is  necessary  to  secure  the  endorsement  and 
continued  support  of  some  politician  who  will  act  as  a  sort  of  patron 
and  continually  urge  the  officers  of  the  Department  to  advance  his 
prot^g^.  This,  as  far  as  the  Geological  Survey  and  its  branches  are 
concerned,  is  wholly  untrue,  and  there  is  nothing  that  an  employee  can 
do  that  will  lower  him  more  in  the  estimation  of  his  fellow  members 
and  of  the  responsible  officers  of  the  Bureau  than  to  try  to  bring  such 
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influence  to  bear  in  bis  )jebalf.  An  attempt  made  by  any  man  in  the 
employ  of  this  Bureau  of  the  Government  to  procure  advancement  in 
other  ways  than  ])y  demonstrating  his  ability  to  accomplish  his  desig- 
nated work  is  regarded  as  a  sign  of  weakness  and  incapacity.  Such  a 
man  is  at  least  under  justifiable  suspicion. 

The  committee  on  personnel  should  consider,  as  part  of  a  man's 
qualifications  for  advancement,  not  merely  the  results  which  he  has 
accomplished,  but  his  fitness  for  larger  duties.  This  should  include 
his  tact  and  ability  to  get  along  well  with  men  and  to  manage  efficiently 
the  party  or  parties  that  may  be  pla<;ed  in  his  charge.  An  effort  is 
made  to  keep  careful  account  of  expenses  incurred  in  various  lines  of 
work,  and  a  man's  record  for  economy  is  an  essential  matter  for 
consideration. 

As  regards  those  younger  members  of  the  service  who  have  not  3'^et 
had  opportunity  to  show  their  ability  in  large  matters,  consideration 
should  be  had  of  the  neatness  and  accuracy  of  their  work  and  of  the 
impression  which  they  make.  It  is  not  desirable  to  advance  a  man 
who  is  habitually  careless  in  his  personal  appearance  and  address,  as 
it  is  presumable  that  he  is  weak  in  other  matters. 

There  are  also  suitable  committees  to  take  up  various  other  matters, 
such  as  the  consideration  of  the  water  laws  of  the  various  States,  the 
duty  of  water,  methods  of  reconnaissance  and  survey,  standard  plans 
and  specifications,  costs  and  results  of  survey  and  construction,  tests 
for  cement  and  use  of  concrete,  electrical  power  and  its  development 
and  use  in  pumping,  alkaline  drainage,  the  forms  of  association  of 
water  users,  methods  and  equipment  of  diamond  drilling,  the  protec- 
tion of  drainage  areas  by  forestry,  etc.  All  of  these  and  other 
important  points  should  be  considered  b}'^  qualified  men,  and  the 
results  should  be  discussed  by  all  of  the  engineers  of  the  service. 

CIVIL-SERVICE  REQUIREMENTS. 

The  operations  of  the  reclamation  service,  as  well  as  of  the  Geolog- 
ical Survey  in  general,  must  be  carried  on  in  conformity  with  laws 
governing  the  civil  service  and  the  rules  and  regulations  of  the  Civil 
Service  Commission.  These  laws  and  rules  have  been  drawn  mainly 
with  reference  to  the  systematic,  methodical  conduct  of  Government 
business  at  Washington  and  in  the  larger  offices  throughout  the 
country.  They  designate  how  persons  shall  bo  employed,  and  cover 
in  a  broad  way  the  usual  requirements  of  departmental  duties.  In 
the  Geological  Survey,  however,  and  particularly  in  the  reclamation 
service,  where  work  is  being  initiated  and  carried  on  in  unsettled  or 
almost  unexplored  regions,  the  regulations  that  cover  ordinary  office 
routine  are  not  always  applicable.  The  civil-service  laws  do  not 
distinctly  recognize  such  unusual  conditions,  but  provide  for  exigen- 
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cies  and  give  to  the  Civil  Service  Coniiuission  a  certain  amount  of 
discretion  in  enforcing  the  letter  of  the  law.  The  Commission,  recog- 
nizing the  unusual  nature  of  the  duties  of  the  Geological  Survey  and 
its  branches,  has  been  liberal  in  its  requirements  and  has  done  every- 
thing possible  to  facilitate  the  work  of  the  Bureau.  This  liberality  on 
the  part  of  the  Commission  must  Ije  respected,  and  every  attempt 
should  be  made  b}'^  men  in  the  field  to  live  up  to  the  letter  and  spirit 
of  the  law  and  preserve  the  confidence  of  the  Commission  that  the  law- 
will  be  observed  in  all  particulars. 

All  persons  regularly  employed  in  the  service  of  the  Govemiiient 
are  grouped  into  grades  and  classes.  In  any  given  grade  are  inchid^Hl 
all  persons  jM^rforming  certain  kinds  of  duty,  irrespective  of  I  heir 
compensation;  that  is  to  say,  the  engineer  grade  includes  all  men  who 
are  doing  engineering  work,  whether  they  are  paid  $1,0<K)  or  $2,(MH>  a 
year  or  more.  Promotion  within  a  gi^ade  can  take  place  without 
special  recjuirements  of  examination,  but  men  can  not  be  transferred 
from  one  grade  to  another  without  some  form  of  examination  or 
certification  as  to  ability  to  perform  the  duties  of  the  new  gi*ade. 

Within  each  grade  persons  are  divided  into  classes,  according  to  the 
amount  of  compensation  received.  The  term  *'grade,"  in  connection 
with  employees  or  positions,  refers  to  a  group  of  employees  or 
positions  in  the  classified  service  arranged  upon  the  basis  of  duties 
performed,  without  regard  to  salaries  received,  as  messenger  grade, 
clerk  grade,  engineer  grade;  while  the  term  "class"  refei's  to  a  group 
of  employees  or  positions  in  any  grade  arranged  upon  the  l)asi.>  of 
salaries  received,  in  pursuance  of  section  163  of  the  Revised  Statutes 
and  of  .section  6  of  the  civil-service  act.  A  person  regularly  serving 
in  any  class  in  a  given  grade  is  not  required  to  undergo  examination 
for  promotion  to  any  other  class  in  the  same  grade. 

Classes  1,  2,  3,  and  4  were  created  in  1853,  and  since  then  from  time 
to  time  other  classes  have  been  added  above  and  below  these,  until  at 
present  the  arrangement  is  as  follows: 

Class  A.  All  ])erson8  receiving  an  annual  salary  of  less  tlian  $720,  or  a  i-oniiMMisation 
at  the  rate  of  les^s  than  $720  piT  annum. 

Class  B.  All  persons  ret^eiving  an  annual  salary  of  $720  or  more,  or  a  roni|HMiKatiou 
at  the  rate  of  $720  or  more,  but  less  than  $840  jxjr  annum. 

Class  C.  All  persons  receiving  an  annual  salary  of  $840  or  more,  or  a  i*<>ni]x>nHation 
at  the  rate  of  $840  or  more,  but  less  than  $900  per  annum. 

Class  I).  All  persons  receiving  an  annual  salary  of  $900  or  more,  ora  comiiensation 
at  tlie  rate  of  $900  or  more,  but  less  than  $1,000  per  annum. 

Class  E.  All  i)er8ons  receiving  an  annual  salary  of  $1,000  or  more,  or  a  com])ensa- 
tion  at  the  rate  of  $1,000  or  more,  but  less  than  $1,200  per  annum. 

Class  1.  All  i)ersons  receiving  an  annual  salary  of  $1,200  or  more,  or  a  ix>mpen8a- 
tion  at  the  rate  of  $1,200  or  more,  hut  less  than  $1,400  per  annum. 

Class  2.  All  persons  receiving  an  annual  salary  of  $1,400  or  more,  or  a  compensa- 
tion at  the  rate  of  $1,400  or  more,  but  less  than  $1,600  per  annum. 


NEWELL.]  CTVIL-SERVIOE   RKQUIREMEKTS.  37 

C^bu«  3.  All  persons  receiving  an  annual  salary  of  f  1,600  or  more,  or  a  compensa- 
tion at  the  rate  of  $1,600  or  more,  but  less  than  $1,800  i)er  annum. 

ClasH  4.  All  pei^ns  rei'eiving  an  annual  salary  of  $1,800  or  more,  or  a  (roin^iensa- 
tion  at  the  rate  of  $1,800  or  more,  but  less  than  $2,000  per  annum. 

C\s8»  5.  All  persons  receiving  an  annual  salary  of  $2,000  or  more,  or  a  comi^ensa- 
tion  at  the  rate  of  $2,000  or  more,  but  less  than  $2,500  per  annum. 

Class  6.  All  persons  receiving  an  annual  salary  of  $2,500  or  more,  or  a  comi)ensa- 
lion  at  the  rate  of  $2,500  or  more  per  annum. 

This  classification  is  recognized  by  the  Department,  an<l  classes  1,  2,  3,  an<l  4  are 
recognized  by  the  Reviseci  Statutes. 

The  new  code  of  rules  of  the  Civil  Service  Commission,  brought 
up  to  September  1,  1903,  should  be  carefully  read  and  frequently 
consulted  bv  memlwrs  of  the  reclamation  service  in  order  that  its 
provisions  may  l)e  observed.  Eat*h  member  should  also  obtain  the 
annual  reports  of  the  Commission  by  application  to  the  Civil  Service 
Commission,  Washington,  D.  C,  in  order  to  keep  in  touch  with  the 
changes  in  the  rules  or  the  application  of  rules  to  specific  cases. 

In  attempting  to  apply  these  rules  to  the  work  of  the  reclamation, 
service  it  is  seen  at  once  that  a  certain  amount  of  interpretation  of 
general  statements  and  a  certain  degree  of  executive  discretion  is 
necessary.  As  a  rule  the  work  of  the  reclamation  service  is  primarily 
that  of  exploring  or  ascertaining  facts  in  advance  of  a  knowledge  of 
the  limiting  conditions.  Field  parties  must  l>e  equipped  and  organized 
in  new  regions  and  care  must  be  taken  so  to  arrange  and  proportion 
these  parties  that  work  will  be  carried  on  efficiently  and  economically. 
It  is  obviously  not  practicable  to  assemble  a  considerable  number  of 
men,  instruments,  animals,  and  supplies  at  remote  points,  sufficient  to 
cover  all  contingencies,  since  the  cost  will  \ye  practically  prohibitive. 
On  the  contrary'  a  few  well-equipped  men  must  l)e  employed  at  first 
and  additional  assistants  and  supplies  sent  to  these  men  quickly  and 
economically,  wherever  they  happen  to  be,  and  the  chief  of  party 
must  be  in  a  position  to  procure  necessary  assistants  without  delay. 
In  short,  a  chief  of  field  part}',  operating  50  or  100  miles  from  the 
Dearest  telegraph  station  can  not  be  expected  to  send  to  Washington 
for  men  or  material  to  supply  each  want  as  it  arises.  To  a  field  part}' 
costing  $40  to  $60  or  more  a  day,  any  dela}',  even  of  an  hour,  means 
considerable  loss,  and  the  exigencies  are  such  that  even  with  all  possi- 
ble foresight  and  oversight,  freedom  must  be  left  to  the  chief  of  party 
to  obtain  and  procure  needed  assistants. 

For  this  reason  departmental  practice  and  the  Civil  Service  Com- 
mission have  permitted  and  encouraged  the  exercise  of  judgment  in 
equipping  and  maintaining  field  parties.  It  is  usually  very  difficult  to 
procure  competent  men,  and  it  is  not  possible  to  wait  for  certification 
in  the  midst  of  a  short  field  season.  For  example,  in  the  case  of  cooks, 
while  for  an  Indian  school  or  Government  hospital  a  civil-service 
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examination  or  registration  might  be  desirable  since  it  is  extremely 
difficult  to  get  and  retain  any  competent  nian  in  this  position,  3'et  for 
a  field  party  examination  would  obviously  be  absurd. 

Progressing  from  such  extreme  cAses  upward,  there  comes  a  grade, 
however,  where  it  is  possible  to  foresee  and  expect  continuous  employ- 
ment, and  these  men,  who  are  responsible  assistants,  should  be  selected 
through  the  civil  service  and  provided  in  advance  of  work.  Each  chief 
of  a  field  j)arty  is  expected  to  ask  in  advance  for  men  or  to  take  such 
men  as  may  be  assigned  to  him  by  the  district  engineer  or  chief 
engineer,  and  in  organizing  the  work  to  employ  such  other  men  in  the 
field  as  may  be  needed  from  time  to  time.  Men  regularly  emplo3'ed 
season  after  season  are,  as  required  by  law,  in  the  classified  civil  serv- 
ice. The  other  men,  taken  for  occasional  or  job  work  or  needed  as 
exigencies  occur,  ar,e  employed  as  field  assistants  and  must  be  so  desig- 
nated on  the  vouchers,  the  word  "field"  being  used  to  distinguish  the 
men  from  others  of  similar  grade  in  the  classified  service.  For  example, 
if  an  assistant  engineer  becomes  sick,  or  his  place  must  be  temporarily 
filled,  or  if  an  additional  assistant  engineer  is  required  immediatelj', 
the  person  thus  employed  should  be  designated  as  "  field  assistant'^  or 
"field  engineer,"  not  as  assistant  engineer,  as  this  position  is  in  the 
classified  service.  The  employment  of  such  men  in  the  field  is  in  the 
nature  of  job  work,  for  a  specific  purpose,  and  is  not  regular  employ- 
ment in  positions  existing  or  created.  The  men  are  employed  not  to 
fill  a  definite  position,  but  to  perform  certain  acts  that  are  necessary 
to  carry  into  effect  the  provisions  of  law  concerning  work  authorized 
by  Congress. 

When,  however,  it  becomes  apparent  that  such  employment  may  Ik? 
permanent  in  character,  then  application  should  be  made  for  certifica- 
tion of  suitable  eligibles,  and  the  requirements  of  the  case  should  be 
stated  plainly  and  explicitly.  The  report  should  contain  the  following 
facts:  The  name,  age,  occupation,  and  experience  of  the  person  tem- 
porarily employed;  the  character  of  work  for  which  he  is  emploj'ed; 
the  probable  term  of  service;  and  if  the  work  will  probabl}'  l)e  of  a 
continuous  nature  a  request  should  be  made  for  the  appointment  of  a 
qualified  person  to  fill  this  place,  all  of  the  facts  in  the  case  and  the 
needs  of  the  work  being  plainh'  stated.  This  report  should  also  state 
the  rate  of  compensation,  the  fact  whether  subsistence  is  furnished  in 
camp,  and  whether  transportation  to  or  from  the  place  of  employment 
is  to  be  included,  as  well  as  all  other  mattei's  that  may  serve  to  aid  in 
the  selection  of  a  proper  man  to  be  sent  to  the  designated  point. 

Allowance  must  be  made  for  the  length  of  time  required  to  request 
such  appointment  through  the  ordinary  channels;  that  is  to  say,  a 
chief  of  party  in  the  field,  away  from  ordinary  lines  of  travel,  should, 
when  necessity  arises,  empl(\v  the  nearest  available  man  suitable  for 
the  purpose,  and  then  promptl}'  make  statement  of  the  fact,  and,  if 
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necessary,  request  the  designation  of  a  person  to  till  the  place.  This 
request  should  come  to  the  office  of  the  chief  engineer  for  indorse- 
ment; it  is  then  sent  to  the  executive  division  of  the  Geological 
Survey,  from  there  to  the  Secretary  of  the  Interior  and  to  the  appoint- 
ment division  of  his  office,  and  finally  to  the  Civil  Service  Commission. 
Here  the  records  will  be  searched,  names  certified,  and  papers  sent 
through  the  same  channel  and  forwarded,  if  necessary,  to  men  in  the 
field.  This  will  require,  from  the  time  inquiry  is  started,  a  minimum 
of  at  least  two  weeks,  and  may  require  a  month  or  six  weeks.  When 
the  names  are  before  the  chief  engineer,  or  the  engineer  in  the  field, 
he  must  take  up  correspondence  with  the  persons  certified  to  ascertain 
whether  they  are  then  available  and  whether  they  will  accept  work  at 
the  designated  point  and  position.  If,  for  example,  a  man  employed 
on  engineering  work  in  Massachusetts  is  certified  for  work  at  some 
remote  point  in  Arizona  he  will  generally  desire  to  correspond  about 
the  matter,  and  may  require  to  give  his  employer  a  month's  notice — 
thus  a  month  niay  be  consmned  in  correspondence  and  in  getting  ready 
to  start. 

Experience  has  shown  that  the  greater  part  of  the  field  season  is 
frequently  consumed  in  getting  the  right  men  through  the  ordinary 
routine,  and  great  patience  is  required,  as  well  as  strict  attention  to  all 
of  the  details  and  correspondence.  This  condition  must  be  borne  in 
mind  in  judging  of  the  exigency  of  any  particular  case,  and  good 
judgment  must  be  used  at  all  stages  in  endeavoring  to  comply  with 
the  law  and  at  the  same  time  in  pushing  forward  the  work  econom- 
ically and  rapidly. 

Difficulty  or  delay  in  procuring  the  certification  of  proper  persons 
will  not  be  accepted  as  an  excuse  for  delays  in  the  field,  as  everywhere 
the  field  party  and  district  engineer  must  bear  in  mind  the  fact  that 
the  duty  is  first  to  perform  the  work,  and,  secondarily  to  this,  to  carry 
it  on  in  compliance  with  official  rules  and  regulations.  Results  must 
be  had  economically  and  effectively,  and  no  excuse  of  so-called  ''  red 
tape"  can  be  considered. 

Taking  up  in  detail  the  grades  of  men  employed  in  the  field,  and 
beginning  with  river  observei-s,  it  is  to  be  remembered  that  these  are 
not  included  within  the  rules  of  the  civil  service,  even  though  employed 
year  after  year  indefinitely.  These  men  are  paid  usually  from  $3  to 
$5  a  month  and  in  some  cases  a  higher  i*ate,  as  where  they  are  located 
at  remote,  inaccessible  points.  It  would,  for  example,  be  obviously 
impossible  to  obtain  a  certification  for  an  observer  to  live  at  a  certain 
designated  point  or  ranch,  many  miles  from  other  habitations,  at  such 
a  salary.  In  such  cases  there  is  probably  only  one  man — the  occupant 
of  the  ranch— rwho  could  be  induced  to  make  river  observations. 

Cooks,  drivers,  packers,  and  laborers  in  general  do  not  come  under 
the  cognizance  of  the  civil-service  rules,  since  these  men  are  employed 
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odIj  for  certain  specified  work  for  a  few  days  or  a  few  months,  and 
are  hired  and  dropped  an  the  exigency  requires,  or,  more  frequently, 
as  they  can  be  obtained,  as  this  class  of  labor  in  the  West  is  ver^' 
uncertain  and  difficult  to  obtain. 

Various  technical  experts,  mechanics  or  mechanical  engineers,  elec- 
tricians, cement  experts,  etc.,  must  be  employed  from  time  to  time  to 
assist  in  planning  or  construction.  When  there  is  reason  to  believe 
that  the  services  of  such  men  will  be  required,  they  should  be  employe*! 
under  the  operations  of  the  rules.  When,  however,  an  exigency 
exists,  the  district  engineer  will  at  once  make  use  of  the  service  of  the 
best  available  man  and  report  the  fact  as  above  indicated. 

Young  men  to  act  as  rodmen,  station  assistants,  and  to  perform 
functions  more  or  less  technical  in  character,  fall  about  the  border  line 
of  the  civil-service  rules.  To  properly  organize  a  field  partv  several 
of  these  may  be  required,  and  as  far  as  possible  a  register  should  be 
established  of  these  men,  or  they  should  be  obtained  in  advance  from 
among  those  regularly  employed.  If,  however,  it  is  found  that  addi- 
tional help  is  required,  young  men  may,  under  existing  custom,  1>e 
employed  at  the  point  of  outfitting  and  retained  throughout  the  field 
season,  or  until  registered  or  classified  men  properly  qualified  may 
be  had. 

Coming  to  the  higher  grades  of  assistant  engineer,  engineer,  etc., 
these  men  should  all  be  within  the  classified  civil  service.  In  ca«e, 
however,  of  need  of  an  expert  man,  or  failure  of  an  assistant  i-egularlj- 
employed,  the  chief  of  the  party  or  division  engineer  must  suKstitute 
at  once  a  qualified  person  without  loss  of  time.  The  facts  of  the  case 
should  be  reported  as  above  designated  to  the  chief  engineer,  and  the 
place,  if  permanent,  filled  through  transfer  or  certification  from  the 
Civil  Service  Commission. 

Summing  up  the  condition  as  regards  laws  and  regulations  relating 
to  the  civil  service,  the  employees  of  the  reclamation  service  may  be 
considered  in  four  schedules,  as  follows: 

1.  Laborers  not  in  the  classified  civil  service  and  not  appointed. 

2.  Occasional  or  job  employees  not  in  the  classified  civil  service  and 
to  whom  appointments  are  not  given. 

3.  SiU'veyors  and  mechanics  who  may  be  taken  from  a  registered 
list  prepared,  without  educational  tests,  by  a  civil-service  board. 

4.  Engineers,  a^ssistants,  and  aids,  appointed  after  competitive  edu- 
cational oxamination  and  duly  certified  b)'^  the  Civil  Service  Commission. 

It  is  not  practicable  to  classify  these  men  by  compensation,  for,  in 
the  parts  of  the  country  where  the  work  of  the  reclamation  service  is 
being  carried  on,  the  compensation  paid  must  vary  with  the  conditions 
and  needs  of  men;  that  is  to  say,  men  who  under  ordinary  circum- 
stances in  or  near  a  city  should  be  paid  $2  a  day  may  receive  $i  per 
day  in  remote  district ts. 
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Laborers. — Under  this  heading  are  included  all  unskilled  laborers 
and  tho8e  employed  as  axmen,  chainnien,  boatmen,  cooks,  derrick  or 
drill  hands^  drivers,  packers,  and  general  assistants  about  a  camp  or 
construction  outfit.    ^ 

Ocetunmial  employeen. — Under  this  classification  are  included  all  per- 
sons above  unskilled  laliorers  in  rank,  who  are  not  appointed,  but  who 
are  occasionally  employed,  and  whose  occupation  is  such  that  it  is  not 
possible  to  establish  a  register  for  them,  either  because  of  the  charac- 
ter of  the  work  or  because  it  is  only  temporary  and  of  the  nature  of  a 
job.  Under  this  head  there  are  also  included  temporary  assistants, 
men  taken-  in  an  emergency  to  fill  a  need  when  it  is  impracticable  to 
procure  competent  assistants  from  the  register  or  by  certification 
from  the  Civil  Service  Commission.  Various  techni(*al  experts  are 
also  included,  their  work  being  of  the  nature  of  a  job  to  be  per- 
formed. 

SurveyoTfi  or  mechanics, — Under  this  designation  are  included  all 
skilled  assistants  whose  work  is  of  such  character  that  an  educational 
test  is  not  desirable  or  necessary,  and  who  may  be  employed  in  cases 
where  skill  is  a  prime  essential.  In  each  district  a  register  of  capable 
men  should  be  established  at  the  earliest  practicable  date,  and  selections 
made  from  this  register  in  accordance  with  civil-service  rules.  The 
register  is  to  be  established  by  a  local  board,  acting  as  the  agent  of  the 
Civil  Service  Commission  and  reporting  directly  to  that  Commission. 
In  this  schedule  are  included  inspectors,  overseers  or  foremen,  master 
laborers,  master  carpenters,  recorders,  transitmen,  levelraen,  rodmen, 
timekeepers,  cement  testers,  gage  readers  or  observers  receiving  over 
$50  a  month,  telephone  linemen,  and  similar  employees. 

Engineers. — In  this  schedule  are  included  all  engineers,  assistant 
engineers,  engineering  aids,  and  all  employees  filling  similar  technical 
positions,  constituting  what  is  known  as  the  regular  force  of  the  rec- 
lamation service.  All  of  these  positions  are  filled  by  competitive 
educational  examination,  and,  as  far  as  practicable,  assignments  to 
responsible  positions  are  made  from  the  various  classes  of  engineering 
aids  and  assistants.  The  civil  service  rules  are  particularly  applicable 
to  all  persons  included  in  this  schedule,  and  great  care  must  be  taken 
to  observe  all  of  the  requirements  of  law  or  of  regulations  pertaining 
to  this  regular  force  of  employees. 

Local  hoards. — Under  authority  of  the  Civil  Service  Commission  a 
local  board  of  examiners  may  be  designated  in  each  of  the  reclamation 
districts.  This  board  consists  of  a  secretary,  vice-secretary,  and  one 
or  more  additional  members.  It  is  the  duty  of  each  of  these  boards 
of  examiners,  through  the  secretaries,  to  supply  the  Commission  with 
information  in  reference  to  the  needs  of  the  service,  to  give  out  appli- 
cation blanks  and  circulars  of  information  to  applicants,  to  receive 
applications  for  positions  for  which  no  educational  examination  is 
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required,  to  grade  the  papers,  to  establish  registers  of  eligibles,  and 
to  do  such  other  work  as  the  Commission  may  direct. 

Applications  for  positions  requiring  an  educational  test  should  be 
made  to  the  Civil  Service  Commission  at  Washington,  but  applications 
for  positions  not  requiring  an  educational  test  may  be  made  to  a  local 
board  of  examiners,  by  whom  the  applicants  will  be  graded  according 
to  age,  intelligence  and  experience,  character  as  workmen,  and  phys- 
ical qualifications,  in  accordance  with  the  usual  regulations.  All  marks 
are  given  on  a  ratio  of  100,  but  different  weights  are  attached  to  the 
classifications,  greater  weight  usually  being  given  to  experience  tlian 
to  other  elements.  The  principal  facts  to  be  considered  are  age, 
quality  of  work,  rapidity  of  work,  industry,  experience,  physical 
condition,  and  general  intelligence  or  disposition. 

Applications  fm^  field  employment. — ^The  applications  for  employ- 
ment in  the  reclamation  service  have  become  so  numerous  that  a 
printed  circular  has  been  issued  governing  the  matter,  dated  Maj'  7, 
1903.     This  is  quoted  as  follows: 

ALL  POSITIONS   UNDER  CLASSIFIED   SERVICE. 

Positions  requiring  skilled  or  technical  service,  such  as  engineers,  assistant  engi- 
neers, transitmen,  levelmen,  plane-table  men,  and  their  prmcipal  assistants,  are  under 
the  classified  civil  service,  and  appointments  to  them  are  made  after  certification  by 
the  Civil  Service  Commission.  Examinations  have  been  held  and  several  lai^ 
eligible  lists  established  from  which  selection  must  be  made.  Similar  examinations 
will  be  held  from  time  to  tioie;  inquiries  regarding  examinations  should  be  addressed 
to  the  Civil  Service  Commission,  Washington,  D.  C. 

Appeals  to  prominent  men  for  assistance  in  securing  appointment  are  useless,  as 
selections  from  the  civil  service  list  must  be  made  without  reference  to  sentiment, 
charity,  politico,  or  religion,  and  attempts  to  influence  the  at^tion  of  appointing  officers 
in  any  such  way  must  necessarily  prove  unavailing. 

FEW    ADDITIONAL   MEN   DESIRED. 

When  the  reclamation  law  went  into  effect  experienced  engineers  in  the  employ 
of  the  Geological  Survey  were  detailed  to  this  work.  From  time  to  time  the  fon*e 
has  been  increa8e<l  by  adding  experienced  and  qualified  men  obtained  through  civil- 
service  examination.  The  surveying  and  engineering  parties  are  practically  complete, 
and  only -a  few  additional  engineers  and  assistants  will  be  needed,  from  time  to  time, 
to  fill  vacancies  caused  by  resignations  or  by  gradual  expansion  of  the  operations. 

NO  TEMPORARY   EMPLOYMENT. 

No  college  students  or  other  young  men  are  needed  for  temporary  or  simimer 
employment.  There  is  a  large  eligible  list  of  young  college  men  who  have  l)een 
graduated  or  are  about  to  be  graduated,  and  all  young  engineers  needed  as  aids  or 
assistants  are  being  select-ed  from  this  list,  prepared  by  the  Civil  Service  Commission. 

UNSKILLED   LABORERS. 

Teamsters,  cooks,  and  unskilled  laborers  are  employed  by  the  chiefs  of  field  par- 
ties, and  applications  for  such  positions  should  be  addressed  to  them  and  not  to 
officials  at  Washington.  The  <!hief  of  each  field  party  is  held  resiwnsible  for  his 
men.     As  a  rule  each  chief  of  party  has  a  large  list  of  names  from  which  to  select. 
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All  the  employees  last  mentioned  will,  when  practicable,  be  engaged  in  or  near 
the  areas  under  survey,  and  they  must  present  themselves  at  the  field  outfitting 
point  of  the  party  to  which  they  are  attached  and  will  be  discharged  at  the  end  of 
the  field  season.  No  traveling  expenses  to  and  from  the  field  will  l>e  allowed.  Pref- 
erence will  be  given  to  applicants  from  States  in  which  the  work  is  to  be  done. 

CORRESPONDENCE. 

^11  official  correspondence  of  the  reclamation  service  should  be  con- 
ducted according  to  the  ordinary  rules  of  business,  but  it  is  in  addition 
important  to  observe  certain  proprieties  or  courtesies  that  tend  to 
facilitate  the  accomplishment  of  results.  In  any  large  organization 
there  are  certain  requirements  that  are  due  to  the  necessity  of  keeping 
various  persons  informed  of  the  details  of  operations. 

The  chief  engineer  is  the  responsible  head  of  the  reclamation  service, 
under  the  Director  of  the  Geological  Survey  and  of  the  Secretary  of 
the  Interior.  As  far  as  possible  all  communications  should  pass 
through  his  office,  in  order  that  he  may  keep  hinLself  informed  con- 
cerning details  of  the  work.  All  letters  from  men  in  the  field  should 
pa.ss  through  the  chief  of  party  or  district  engineer  to  the  chief  engi- 
neer, in  order  that  the  various  men  responsible  for  details  may  be  kept 
fully  informed  on  all  points. 

All  letters  from  the  chief  engineer  are  addressed  to  the  consulting, 
.supervising,  or  district  engineer,  or  through  chiefs  to  the  individ- 
uals, if  necessary  to  communicate  directly  with  them.  As  a  rule,  direct 
correspondence  with  the  chief  engineer  is  limited  to  a  relatively  few 
responsible  men  in  the  field. 

Persons  connected  with  the  reclamation  service  should  not  corre- 
spond directly  with  other  offices  or  bi'anches  of  the  Government  nor 
with  the  higher  officials  of  the  Department  of  the  Interior.  Official 
rules  provide  regular  channels  for  the  tmnsaction  of  business,  and  con- 
fusion rasults  if  these  channels  are  not  followed.  No  correspondence 
should  be  had  concerning  official  plans  or  duties  with  public  men  or 
memlKjrs  of  Congress.  All  letters  received  that  relate  to  the  general 
pK)licy  or  the  larger  features  of  the  reclamation  service  will  be  referred 
to  the  Direx*,tor  of  the  (xeological  Survey,  and  through  him  to  the 
Secretary  of  the  Interior. 

Each  official  letter  should  relate  to  one  subject  only,  and  that  subject 
should  be  stated  briefly  at  the  top  of  the  letter. 

For  convenience  of  tiling  and  reference,  all  letters  and  ordinary 
memoranda  should  be  written  upon  letter  paper  of  the  size  furnished 
by  the  Department  of  the  Interior,  this  being  8  inches  wide  and  lOJ 
inches  long. 

Letters  originating  from  the  Washington  office  are  initialed  accord- 
ing to  prescribed  rules,  the  initials  of  the  person  dictating  the  letter 
and  of  the  stenographer  being  placed  in  the  upper  right-hand  conier. 
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Other  initials  may  be  placed  on  the  letter  indicating  that  the  matter 
has  been  considered  by  other  persons. 

Every  letter  covering  inclosures  should  distinctly^  specify  each  paper 
inclosed  and  note  such  as  are  duplicates,  and  everj^  inclosure  should  be 
so  marked  as  clearly  to  indicate  its  nature  and  substance  and  its  rela- 
tion to  the  letter  of  transmittal.  The  number  of  inclosures  should  be 
plainly  stated  at  the  foot  of  the  letter. 

Frequently,  brief  letters  of  inquiry  are  sent  out  from  the  office  of 
the  chief  engineer  to  which  a  few  words  of  answer  only  are  necessarv. 
In  such  cases  the  reply  should  be  written  (with  signature  and  date) 
upon  the  blank  space  below  the  letter,  which  should  be  returned  at  once 
to  the  chief  engineer's  office.  If  the  reply  can  not  be  given  on  the 
lower  part  of  the  letter  sheet,  as  many  additional  sheets  should  be 
attached  as  may  be  necessary.  In  this  way  the  original  inquir\^  and 
reply  will  be  kept  together. 

Telegrams  should  be  sent  on  the  official  blank  provided  by  the  Geo- 
logical Survey  for  this  purpose,  and  plainly  marked  "Official  busine^^s. 
Government  rates."  Those  addressed  to  Washington  should  not  l»e 
prepaid,  and  those  going  from  Washington  should  be  received  without 
payment,  as  all  charges  are  settled  at  the  Washington  office. 

Telegrams  addressed  to  the  chief  engineer  should  be  addressed,  not 
by  name  nor  to  Chief  Engineer,  but  "  Hydrographer,  Geological  Sur- 
vey." If  addressed  to  him  by  name,  they  may  be  delivered  at  his 
residence  and  not  at  the  office. 

Telegrams  between  officers  in  the  field,  if  sent  from  the  larger  tele- 
graph offices,  can  be  charged  to  the  Government  and  the  account  set- 
tled at  Washington.  To  guard  and  facilitate  such  charges,  both  the 
Western  Union  and  Postal  Telegraph  companies  have  issued  cards  to 
the  principal  engineers  to  the  effect  that  telegrams  signed  by  the  per- 
sons to  whom  these  cards  are  issued,  and  answers  thereto,  when 
indorsed  ''Government  business,"  will  be  transmitted  on  the  lines  of 
the  companies  at  Government -rates  on  account  of  the  United  States. 
Payment  for  telegrams  handled  in  accordance  with  the  cards  will  not 
be  required  of  the  sender. 

It  is  sometimes  difficult  to  convince  the  operators  at  smaller  stations 
of  the  propriety  of  this  course  of  procedure,  and  if  the  telegrams  will 
not  be  received  in  this  way  it  is  preferable  to  prepay  them  at  Govern- 
ment rates  rather  than  subject  the  recipient  to  the  trouble  of  making 
payment  or  running  the  risk  of  delay. 

REQUISITIONS. 

Requisitions  for  instruments  and  supplies  should  be  made  upon  sepa- 
rate sheets  from  other  communications,  and  should  not  be  included 
with  correspondence  relating  to  other  subjects. 
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Bequisitions  should  be  classified  according  to  material;  instruments, 
for  example,  should  be  grouped  together  in  one  request,  and  blanks, 
notebooks,  and  similar  supplies  in  another,  so  that  the  separate 
requisitions  ma}^  be  forwarded  to  the  separate  divisions  that  will  sup- 
ply the  material. 

Kach  person  filling  a  requisition  is  required  to  indicate  b}"^  initials 
or  otherwise  the  fact  that  the  requisition  is  filled,  and  to  mark  the 
package  with  his  initials,  so  that  if  it  is  received  in  bad  order  the 
responsibility  can  be  placed.  Persons  in  the  field  receiving  material 
not  in  good  condition  should  immediately  report  the  fact  to  the  chief 
engineer. 

Requisitions  for  instruments  should  state  the  nature  of  the  work  to 
he  performed  and  the  character  and  quality  of  the  instruments  desired, 
in  order  that  the  person  in  charge  of  supplies  and  equipment  may 
ascertain  whether  instruments  suitable  for  the  purpose  can  be  fur- 
nished from  the  supplies  on  hand  or  available. 

If  requisitions  are  not  promptly  filled  or  acknowledged,  the  atten- 
tion of  the  chief  engineer  should  be  called  to  the  niatter  by  a  statement 
that  a  requisition  for  certain  material  was  sent  on  a  certain  date. 
C^re  should  be  taken  to  prevent  duplication  and  to  indicate  that  the 
second  request  refers  to  a  requisition  previously  sent. 

REPORTS. 

Frequent  and  definite  reports  concerning  the  field  work  must  be 
made  to  the  chief  engineer  by  district  engineers  and  by  men  in  the 
field,  especially  by  chiefs  of  parties  and  men  acting  independently. 
Intelligent  control  and  direction  of  work  is  possible  only  through  the 
definite  information  obtained  by  means  of  such  reports,  and  men  in 
the  field  must  show  from  time  to  time  what  has  been  accomplished  for 
the  expenditures  made.  But  it  must  be  remembered  that  while  on  the 
one  hand  the  field  work  can  be  better  understood  and  greatly  facili- 
tated if  concise,  definite  statements  are  periodically  made,  yet  it  is,  on 
the  other  hand,  desirable  to  avoid  delaying  field  work  by  the  prepara- 
tion of  reports  more  elaborate  than  absolutely  necessary. 

Information  to  the  public  should  be  given  out  only  through  official 
channels.  On  this  point  the  following  circular  has  been  issued,  dated 
July  1,  1903: 

The  attention  of  engineers  and  assistants  in  the  reclamation  service,  and  of  all 

other  persons  concemecl,  is  called  to  the  provisions  of  section  2  of  the  law  of  June  17, 

1902  (Stat.  L.,  vol.  32,  p.  388),  which  reads  as  follows: 

That  the  Secretary  of  the  Interior  is  hereby  authorized  and  directed  to  make  ezaminationB  and 
Bunreys  for,  and  to  locat«  and  constmct  as  herein  provided,  irrigation  works  for  the  storage,  diver- 
doD,  and  development  of  watexs,  including  artesian  wells,  and  to  report  to  Congress  at  the  beginning 
of  each  regular  session  as  to  the  results  of  such  examinations  and  surveys,  giving  estimates  of  cost  of 
all  contemplated  works,  the  quantity  and  location  of  the  lands  which  can  be  irrigated  therefrom, 
and  all  facts  relative  to  the  practicability  of  each  irrigation  project;  also  the  cost  of  works  in  process 
of  ponstraction  as  well  as  of  those  which  have  been  completed. 
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This  section  indicates  clearly  the  manner  in  which  information  concerning  these 
surveys  and  examinations  is  to  be  given  U)  the  public.  All  persons  desiring  infor- 
mation on  the  subject  should  be  referred  to  the  annual  report  printed  by  authijrity 
of  Congress  or  to  the  Secretary  of  the  Interior.  The  necessity  for  exercising  prud«*in^ 
in  this  matter  arises  from  the  fact  that  the  Secretary  of  the  Interior,  in  carrj'ing  out  the 
purpose  of  the  law,  must  fix>m  time  to  time  secure  certain  lands  or  privileges  e^^peiitial 
to  the  construction  of  the  reclamation  works.  In  order  to  obtain  these  lan<b«  an*! 
rights  at  reasonable  market  rates  it  is  necessary  to  mature  plans  quietly  and  to  nuikt* 
arrangements  with  the  owners  upon  a  fair  and  ecjuitable  basis.  If  a  report  is  nj^n-std 
that  enormous  sums  are  to  l3e  expended  in  a  given  locality,  prices  are  advance*!  t*>  a 
point  where  it  is  impossible  to  deal  with  the  owners  without  condemnation  i)roft^^i- 
ings.  It  is  intended  that  facets  shall  be  obtained  for  the  information  of  the  Sei'retar\' 
only.  These  will  be  passed  upon  by  ex^)erts,  who  will  consider  them  from  \*arioU!» 
standpoints  and  without  jxirsonal  prejudice  or  sentiment.  The  results,  t*>gelher  with 
recommendations,  will  be  brought  to  the  attention  of  the  Secretary,  and  individuals 
should  not  discuss  the  policy  nor  anticipate  the  action  of  the  Secretary  by  announcing 
plans  or  stating  what  may  be  done  in  the  future. 

If  the  Secretary  believes  that  he  can  properly  give  to  the  public  the  result**  of 
examinations  and  surveys  he  will  do  so  upon  rer|uest. 

Reports  are  required  at  different  period.s  for  different  puipo.ses;  as 
weekly,  monthly,  quarterly,  and  annually. 

Weekly  repi/rtH. — A  weekly  report,  covering  the  opeiutions  for  each 
day,  should  be  submitted  to  the  district  engineer  by  the  thief  of  each 
field  party,  and  by  each  man  working  alone.  This  reiwrt  should  l>e 
concise,  and  should  state  for  each  day  the  essential  fact*?  as  to  the 
character  and  progress  of  the  work.  Such  statements  as  ''engaginl  in 
computation,"  or  "measuring  streams,''  or  "running  level  lines,^'  are 
not  suflScient;  a  few  additional  words  must  be  added,  specifj'ing  where 
and  for  what  purpose  the  particular  work  is  being  done,  so  that  the 
district  or  supervising  officer  may  obtain  at  a  glance  a  comprehensive 
idea  of  the  work  in  hand  without  the  necessity  of  referring  to  letters  or 
correspondence.  The  report  should  conclude  with  a  few  wonls  as  to 
the  probable  operations  of  the  next  week,  and  should  lie  mailed  as 
promptly  as  may  be  practicable,  consistent  with  the  demands  of 
the  work. 

Monthly  reports, — The  monthly  report  should  give  a  resume  of  the 
work  accomplished  during  the  month  by  each  part}-,  or  in  each  dis- 
trict, the  facts  being  assembled  in  concise  order  for  (juick  reference, 
so  that  it  may  be  perfectly  plain  what  work  is  being  carried  on  and 
where.  This  report  should  show  the  rate  of  progress,  the  present 
conditions,  and  the  plans  for  the  coming  month.  The  monthly  report 
should  be  forwarded  with  vouchers,  or  a  statement  of  chussified  expend- 
itures, to  the  office  of  the  chief  engineer  for  his  information.  It 
should  be  accompanied  by  the  weekly  reports  of  field  parties,  if  these 
have  not  been  abstracted  in  the  report. 

A  duplicate  or  carbon  copy  of  the  monthly  report  should  be  for- 
warded to  the  supervising  engineer  for  his  information.  The  original 
report  sent  to  the  office  of  the  chief  engineer  may  be  accompanied  by 
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reports  of  the  various  chiefs  of  parties,  construction  engineers,  etc., 
and  these  can  be  marked  for  return  to  the  district  office  if  it  is  not 
considered  desirable  to  retain  a  copy.  Care  should  be  taken  to  avoid 
unnecessary  copying  and  to  forward  papers  for  examination  and  return 
where  such  duplication  may  lead  Uy  unnecessary  delay  or  expense. 

Equal  care  must  be  exercised  to  forward  full  information  of  value 
for  preservation.  It  has  been  found  that  valuable  data  collected  by 
various  hydrographers  and  engineers  have  been  lost  or  overlooked  or 
have  not  been  made  sufficiently  prominent  in  general  correspondence. 
£ach  man  should  be  held  responsible  for  transmitting  facts  which 
may  come  under  his  observation  even  though  these  are  negative  in 
character,  namely,  that  certain  streams  were  found  to  be  dry  or  that 
surveys  have  not  been  completed  in  certain  areas. 

All  vouchers  for  the  pay  of  occasional  employees  and  men  not 
attached  to  field  parties  should  be  accompanied  by  the  daily  statement, 
on  Form  9-245,  showing  the  fact  that  work  has  actually  been  per- 
formed on  these  days  and  indicating  the  character  of  the  work.  This 
statement  must  be  brief  yet  explicit;  for  example,  it  should  state  not 
simply  ''computing,"  but  should  indicate  the  chai'acter  and  purpose  of 
the  computations. 

Quarterlj/  reports, — The  quarterly  reports  are  largely  administrative 
in  <rharacter,  the  quarter  having  been  selected  as  the  most  convenient 
unit  for  accounting  for  property  and  discussing  finances.  They  should 
comprise  a  r^sum^  of  expenditures  incurred,  a  statement  of  the  charac- 
ter of  these,  and  a  report  of  the  results  accomplished,  in  units  of  miles 
of  level  or  transit  line,  square  miles  of  topography,  yards  of  construc- 
tion, or  other  definite,  intelligible  units. 

The  quarterly  statements  and  accounts  are  of  first  importance  from 
the  administrative  standpoint.  They  consist  primarily  of  two  parts, 
the  first  for  transmittal  by  the  chief  engineer,  through  the  Director  to 
the  Department,  and  the  second  the  portion  for  the  information  of 
the  chief  engineer  and  for  the  records  of  his  office.  The  first  part  of 
this  quarterly  statement  and  estimate  consists  of  descriptive  matter  in 
somewhat  stereotyped  form,  giving  under  each  project  or  principal 
heading  one  or  more  paragraphs  devoted  to  each  of  the  following  sub- 
headings: 

Location. 
Past  operations. 
Present  conditions. 
Future  work. 
Expenditures. 
Under  the  head  of  '^ Location"  should  be  given  a  brief  description 
of  the  location  of  the  work,  such  that  a  stranger  taking  the  material 
can  gain  some  idea  of  how  the  work  is  being  carried  on. 
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^'Past  operations"  should  include  the  work  performed,  its  extent, 

scale,  and  the  results  accomplished. 

''Present  conditions"  should  recite  the  character  of  the  work  in 

hand  during  the  current  quarter  in  which  the  report  is  prepared. 

"Future  work"  should  cover" the  operations  proposed  for  the  next 
quarter,  or  those  for  which  authority  to  continue  the  work  ig  desired. 

"Expenditures"  should  recite  briefly  the  total  expense  incurred  up 
to  the  end  of  the  preceding  quarter;  also  the  probable  expenditures  for 
the  current  quarter  and  the  amount  which  should  be  set  aside  to  cover 
the  future  work  for  the  ensuing  quarter. 

This  first  part  should  be  sent  in  promptly,  so  as  to  reach  the  c*hief 
engineer  on  or  before  the  15th  day  of  March,  June,  September,  ami 
December.  It  should  be  prepared  in  the  form  in  which  it  is  to  go  to 
the  Department,  so  that  it  can  be  assembled  quickly  and  copied  without 
the  necessity  of  editing  or  extensive  revision. 

There  should  also  be  prepared,  if  possible  before  the  above  descrip- 
tive material,  an  estimate  showing  the  cost  of  the  work  done  during 
the  quarter,  the  units  of  miles  surveyed  or  yards  of  construction  com- 
pleted, the  i*ations  issued,  and  the  cost  of  other  important  items.  The 
information  thus  set  forth  is  to  be  forwarded  to  the  chief  engineer  for 
the  records  of  his  oflSce,  and  the  results  should  be  briefly  summed  up 
in  the  material  which  is  to  go  forward  to  the  Department. 

Another  important  quarterly  operation  is  in  connection  with  the 
property  returns.  Every  reasonable  eSort  should  be  made  to  dis- 
pose of  material  not  in  use,  and  to  keep  the  property  returns  explicit- 
All  property  should  be  inventoried  and  accounted  for,  all  worn-out 
and  useless  articles  being  condemned  or  sold  after  the  necessarj' 
authority  has  been  obtained.  At  the  end  of  the  calendar  year 
especial  attention  should  be  given  to  cleaning  up  the  property  returns, 
no  unnecessary  articles  being  kept;  at  the  same  time  an  account  should 
be  rendered  for  all  material  obtained  or  on  hand. 

Anniuil  reports, — Four  printed  annual  reports  are  required  by  law 
and  by  custom,  and  the  material  for  these  must  l)e  prepared  prompth' 
and  transmitted  to  the  chief  engineer  on  the  days  specified  below. 

1.  The  Director  of  the  Geological  Survey  reports  to  the  Secretary 
of  the  Interior  at  the  end  of  the  fiscal  j^ear  all  of  the  operations  of  tlie 
Survey  from  July  1  to  June  30.  The  portion  of  his  report  relating  to 
the  reclamation  service  contains  from  5,000  to  10,000  words,  and  the 
work  done  during  the  fiscal  year  on  each  project  or  survey  should  l>e 
described  in  from  200  to  500  words.  These  descriptions  should  be 
sent  to  the  chief  engineer  on  or  before  June  1,  so  that  they  xx^y  be 
available  for  use  before  June  15. 

2.  The  Secretary  of  the  Interior  also  makes  an  annual  report  at  the 
close  of  the  fiscal  year,  and  in  this  report  reference  to  the  reclamation 
service  is  restricted  to  less  than  1,000  words.     Reference  to  work  in 
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each  State  or  Territory  should  therefore  be  confined  to  100  words  or 
less.  The  material  for  this  report  should  be  sent  to  the  chief  engineer 
on  or  before  July  15. 

3.  Under  the  terms  of  the  reclamation  law,  the  Secretary  must  also 
make  a  specific  report  to  Congress  at  the  beginning  of  each  regular 
session,  on  the  first  Monday  in  December.  This  report  must  l)e  full 
and  complete,  as  required  by  law,  and  must  state  every  detail  of  cost 
and  results.  It  must  l>e  prepared  during  the  latter  part  of  the  field 
season  and  must  state  concisely  what  has  been  accomplished  during 
that  season.  The  material  for  this  report — the  annual  report  of  the 
reclamation  service — must  be  derived  from  full  reports  made  by  the 
district  and  other  engfineers,  and  these  reports  should  be  sent  to  the 
chief  engineer  on  or  before  October  15. 

The  manuscripts  of  these  reports  should  be  accompanied  by  illustra- 
tions sufScient  to  make  clear  all  important  points.  A  table  of  con- 
tents should  accompany  each  manuscript  or  portion  of  report,  as  well 
as  a  list  of  illustrations,  giving  the  title  of  each  illustration  and  num- 
ber of  the  manuscript  page  at  which  it  should  appear.  The  illustra- 
tions may  consist  of  photographs  or  drawings.  Upon  each  photograph 
or  drawing  should  be  written  a  descriptive  title  and  the  number  of 
page  of  the  manuscript  where  it  is  to  be  used.  All  drawings  to  be 
used  for  illustrations  should  be  clearly  made  with  a  good  quality  of 
India  ink  on  white  paper;  tracings  should  be  avoided  if  possible.  No 
lettering  should  be  made  in  ink;  words  and  figures  should  be  plainly 
written  in  pencil  at  the  proper  places.  Titles  should  be  written  on  the 
margin  in  pencil  or  ink.  These  should  be  explicit  and  should  give  the 
number  of  page  of  the  manuscript  where  the  drawing  is  to  be  placed. 
Drawings  for  illustrative  purposes  should  be  simple;  all  detail  or 
elaboration  which  is  not  absolutely  necessary  should  be  avoided. 
Elaborate  lettering  is  worse  than  useless,  for  many  drawings  are 
reproduced  by  processes  that  require  the  removal  of  the  original  let- 
tering and  the  substitution  of  another  form.  Tracings  can  be  utilized, 
but  are  not  so  desirable  as  good,  clear  drawings  on  white  paper. 
Tinted  papers  should  be  avoided,  especially  those  having  a  yellowish 
tinge.  In  this  connection,  attention  is  called  to  the  book  of  Instruc- 
tions, page  100. 

Each  manuscript  for  the  annual  report  of  the  reclamation  service 
should  be  accompanied  by  a  short  abstract,  to  be  used  by  the  chief 
engineer  in  his  introduction.  This  absti*act  should  be  concise  and 
should  cover  in  a  few  pages  the  essential  features  and  conclusions  of 
the  more  detailed  report.  In  this  report  it  is  essential  to  give  especial 
attention  to  the  financial  statement — to  show  the  amounts  expended  or 
Uabilities  incurred,  the  results  accomplished,  and  the  amount  of  funds 
probably  necessary  for  the  work  of  the  ensuing  year;  also  all  other 
facts  essential  to  a  clear  comprehension  of  the  costs  and  benefits. 
IKK  93—04 i 


50  FIRST   BECLAMATION   SERVICE   CONFERENCE.  (s^o-a 

4.  In  addition  to  the  reclamation  report  it  is  customary  to  publish 
at  the  end  of  each  year  all  matter  pertaining  to  the  operations  of  the 
hydrographers,  hx'drologists,  and  others,  in  separate  volumes  that  pre- 
sent all  of  the  data  accumulated  during  the  calendar  year.  District 
engineers  are  expected  to  see  that  all  data  of  this  kind  are  assembled 
and  presented  promptly  to  the  chief  engineer  as  soon  as  possible  after 
January  1  of  each  year,  so  as  to  reach  him  by  January  15. 

BOOKKEEPING. 

The  system  of  bookkeeping  for  the  reclamation  fund  has  been  given 
considerable  thought,  and  an  attempt  is  made  to  devise  methods  of 
allotment  of  expenditures  in  the  most  rapid  and  economical  manner 
possible.  Each  voucher,  before  transmittal  in  duplicate  for  paynient. 
must  be  certified  by  a  responsible  oflScer  having  full  knowledge  of  the 
expenditure.  He  should  require  his  assistants  to  previously  check 
the  items  and  initial  the  papers,  thus  attesting  their  accuracy. 

The  voucher,  if  payable  at  the  Washington  office,  should  be  for- 
warded to  the  chief  engineer,  with  a  charge  sheet  or  letter  of  trans- 
mittal (form  9-272).  If  payable  by  a  local  disbursing  officer,  the 
charge  sheet  should  be  sent  at  once  to  the  office  of  the  chief  engineer 
at  Washington.  These  sheets  form  the  basis  for  bookkeeping  and 
should  be  filled  out  to  give  the  essential  facts  on  which  the  allotment 
of  the  various  items  may  be  based,  thus  serving  as  pages  of  a  day  book. 

The  original  voucher  goes  to  the  Treasury  and  the  duplicate  is 
retained  by  the  disbursing  clerk;  the  charge  sheet  alone  remains  in  the 
office  of  the  chief  engineer,  and,  although  the  original  or  duplicate 
voucher  mav  be  consulted,  this  is  attended  with  some  difficult  v  and 
loss  of  time.  The  charge  sheet  should  therefore  contain  all  the  infor- 
mation essential  for  proper  bookkeeping  entries. 

The  object  of  bookkeeping  is  to  enable  a  statement  to  be  made  at 
any  time  of  exactly  how  much  money  has  been  expended  for  various 
objects  and  in  different  kinds  of  work.  There  are  at  least  three  distinct 
degrees  to  which  the  bookkeeping  may  be  carried,  and  these,  for  con- 
venience, may  l>e  designated  as  primary,  secondary,  and  tertiary. 

The  primary  classification  of  accounts  covers  the  larger  allotments, 
such  as  to  States,  to  distinct  projects,  or  to  reconnaissance  surveys. 
It  is  of  first  importance  to  know  the  total  amount  expended  under 
these  primary  headings. 

The  secondary  distribution  of  accounts  is  for  the  purpose  of  ascer- 
taining how  much  has  been  expended  in  each  State  or  in  each  locality 
for  diffierent  classes  of  work.  The  principal  items  are  the  cost  of  pre- 
liminary surveys,  topographic  surveys,  testing  for  foundations,  location 
surveys,  subdivision  of  land,  designing,  construction,  etc. 
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The  tertiary  classification  again  subdivides  tliese  features  into  the 
various  ways  of  expenditure.  The^e  consist  of  services,  traveling 
expenses,  subsistence,  equipment,  etc.  A  wide  latitude  of  judgment 
may  be  exercised  in  this  tertiary  classification,  and  the  engineer 
approving  the  accounts  must  be  guided  by  general  principles  rather 
than  by  specific  instructions. 

The  following  lists  give  the  principal  headings  provisionally  deter- 
mined upon  for  the  priniary,  secondary,  and  tertiary  classifications. 
Suitable  blanks  are  being  provided  for  convenience  in  stating  these 
items,  and  it  is  believed  that,  with  reasonable  care,  the  engineer,  in 
certif^'ing  atrcounts,  can  apportion  the  items  without  notable  delay  or 
difficulty. 

Primary  classijicatum. — The  following  are  the  principal  headings 
in  the  ledger  of  the  Washington  office.  The  charge  sheet  for  each 
voucher  should  have  one  of  these  headings  prominently  given,  and  as 
far  as  practicable,  no  voucher  should  be  assigned  to  more  than  one  of 
these  principal  items: 


Washington  oHice: 

Supervision. 

Correspondence. 

Bookkeeping. 

Disbursing. 

Legal  expenses. 

Computing. 

Drafting  and  photoji^aphy. 

Lithographing. 

Stationery. 

Instruments  and  supplies. 

Express  and  telegraph. 

Furniture. 

Messenger. 
Arizona: 

8«ilt  River. 

San  Carlos. 

YUma.     (See  California.) 

Reconnaissance,  et(*. 
California: 

Sacramento  Valley. 

Owens  Vallev. 

Yuma. 

Reconnaissance,  etc. 

General. 

Cement  pipe. 
Colorado: 

Unctompahgre. 

White  River. 

Grand. 

Reconnaissance,  etc. 

General. 


Idaho: 

Minidoka. 

Duhois. 

Payettei  Boise. 

Reconnaissance,  et<\ 
Kansas: 

Recoiinaissance,  et**. 
Montana: 

Milk  River. 

St.  Mary. 

Marias. 

Sun  River. 

Reconnaissance,  etc. 
Nebraska: 

Pathfinder. 

Goshen  Hole. 

Gering. 

Reconnaissance,  etc. 
Nevada: 

Truckee-Carson . 

Reconnaissance,  et(\ 
New  Mexico: 

Hondo. 

Urton. 

Rio  Grande. 

Reconnaissance,  etc. 
North  Dakota: 

Fort  Buford. 

Reconnais8an(!o,  etc. 
Oregon: 

Umatilla. 

Malheur. 
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Reconnaissance,  etc. 
Washington: 

Big  Bend. 

Okanogan. 

Reconnaiagance,  eU\ 
Wyoming: 

Cody. 

De  Smet. 

North  Platte. 

Reconnaissance,  etr. 


O  regon — Con  ti  nue<  I . 

Harney. 

Recon  naigtgance. 

General. 
Oklahoma: 

ReconnaissaiK'e,  etc. 
South  Dakota: 

Belle  Foiirche. 

Reconnaissance,  et<'. 
Utah: 

Utah  Lake. 

Bear  Lake. 

Secondary  clasuljicatiAni,—  In  the  lower  part  of  the  charge  sheet  are 

to  be  inserted  the  amounts  of  the  secondary  allotment  or  distribution 

of  vouchers,  this  consisting  of  the  items  given  below.    A  separate  page 

of  the  ledger  should  be  assigned  to  each  secondary  item,  the  tertiary 

classification  being  extended  in  columns  across  the  page. 

I*reliminary  survey. 
Topographic  survey. 
Testing  or  boring. 
Location  survey. 
Sulxii vision  of  land. 
Designing. 

Construction.  ' 

Executive. 

Tertiary  claaslJica^Um, — The  tertiary  suWi vision  or  character  of 
expenditures  is  shown  under  each  of  the  secondary  headings.  The.se 
suMivisions  arc  recognized  as  being  approximate  in  character,  and  it 
is  not  desirable  to  make  the  subdivision  too  minutelv. 

The  principal  items  of  the  tertiary  division  are  services,  ti-aveling 
expenses,  subsistence,  equipment,  office  expenses,  supplies,  storage, 
etc.  It  is  desirable  not  to  have  any  items  of  miscellaneous  expendi- 
ture if  these  can  be  avoided,  as  it  is  assumed  that  all  items  can  l)e 
assigned  to  one  or  another  of  these  headings. 

DISBURSEMENTS. 

The  next  important  matter  to  be  considered  is  the  relation  of  the 
men  to  the  Government  in  the  matter  of  accounts.  Good  financiering 
is  the  foundation  of  success,  and  although  no  profit  is  here  to  be  con- 
sidered, yet  it  is  important  that  all  work  done  should  be  worth  what 
it  costs,  and  that  the  interests  of  the  Gov^ernment  should  be  protected 
in  every  way.  On  the  other  hand,  the  men  who  are  doing  the  work 
must  be  promptly  and  fully  provided  with  funds,  as  all  delay's  or 
difficulties  in  this  matter  are  sources  of  expense  and  trouble  both  to 
the  workmen  and  to  the  work. 

At  this  time  it  is  not  desirable  to  discuss  the  question  of  costs  and 
benefits  of  the  surveys  and  the  subsequent  construction,  but  it  is 
important  to  consider  now  some  of  the  features  of  rendering  accounts 
and  of  so  arranging  these  that  they  will  be  quickly  audited.     The  situ- 
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ation  as  regards  the  roclamatioii  service  is  in  one  sense  peculiar.  All  of 
the  work  is  being  performed  in  remote  localities  and  under  difficulties, 
and  is  now  carried  on  by  men  who  have  had  very  littl«»  previous  expe- 
rience with  Government  methods.  During  the  past  season  there  have 
l)een  unusual  and  vexatious  delays  and  difficulties  in  securing  settle- 
ment of  accounts;  each  man  in  the  field  has  a  nimiber  of  grievances 
und  in  his  opinion  injustice  has  })een  frecpiently  done  to  him. 

In  order  to  put  the  matter  of  accounts  somewhat  more  clearly  before 
the  new  men  it  is  desirable  to  state  a  few  elementarv  facts  or  princi- 
ples which  should  1x3  known  by  everyone,  but  which  as  a  matter  of  fact 
are  clearly  understood  by  few.  Theoreticall}'  every  man  is  supposexl 
to  know  the  law,  but  practically  few  men  do  know  the  law  conct^rning 
most  of  the  details  of  Gov^ernment  transactions. 

An  attempt  has  been  made  in  the  regulations  of  the  Survey— a 
manual  that  has  now  passed  through  three  editions,  the  last  of  which 
wa.s  approved  to   take  effect  Januar>'  1,  1903  —and  in  the  Survey's 
Instructions  (approved  to  take  effect  May  1,  1008)  to  outline  some  of 
the  more  important  facts  and  requirements  concerning  Government 
accounts.     It  is  impossible,  however,  in  any  book  of  moderate  size  to 
discuss  or  consider  all  of  the  details  that  may  come  up  in  current  prac- 
tice, for,  as  above  stated,  each  man  has  iiift'erent  experiences,  and  the 
difficulties  that  one  man  has  encountered  may  not  be  met  l)y  another. 
Especial  attention  should  l>e  called  to  the  statements  })eginning  on 
page  26  of  the  regulations,  in  which  an  attempt  is  made  to  present  a 
few  instructions  covering  the  more  important  points.     The  great  dif- 
ficulty with  regard  to  Government  accounts  lies  in  the  fact  that  on 
the  one  hand  general  laws  are  enacted  by  Congress,  and  on  the  other, 
rulings  are  made  b\^  the  officials  of  the  Treasurv  Deimrtment  upon 
various  legal  or  other  points  that  may  arise.     In  the  attempt  to  apply 
these  general  laws  and  Department  rulings  to  specific  «ises  it  is  f  re- 
(pientl}^  found  that  they  are  in  apparent  conflict  or  are  not  applicable 
to  the  conditions.     Since  the  general  laws  do  not  fit  the  exact  condi- 
tions, it  is  often  necessar}'  to  state  an  account  in  such  a  way  that  while 
it  will  not  run  counter  to  some  general  law,  it  will  at  the  same  time 
present  the  salient  facts   necessjiry  to   o})tain   its   settlement.     The 
auditing  officers  of  the  Treasury  have  little  to  do  with  the  equity  or 
justice  of  a  claim  or  an  account;  they  simply  pass  upon  its  legality 
in  the  light  of  the  facts  presented.     They  may  sometimes  ignore  a 
legal  technicality  in  the  interest  of  justice  or  in   conformity  with 
common  practice,  but  they  can  not  be  expec^ted  to  do  so  often. 

The  general  authorization  to  carry  on  work  covers  with  it  the  pur- 
chase of  ordinary  equipment  and  necessities  of  field  parties,  such  as 
horses,  wagons,  tents,  cooking  utensils,  and  articles  covered  by  the 
i*ation  list  of  the  Geological  Surve^^;  also  a  small  amount  of  cus- 
tomary remedies  or  medicines  needed  by  men  and  animals  working 
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at  a  distance  from  medical  attendance.  In  this  connection  care  mast 
be  taken  to  explain  fully  the  need  of  any  unusual  article  of  this  kind, 
such  as  medical  supplies,  and  to  keep  these  to  the  minimum  of  actual 
requirements,  «ince  medical  attendance  is  not  furnished  employee^ 
where  it  can  be  had  in  the  customary  manner. 

The  theory  upon  which  the  present  system  of  accounts  of  the  Geo- 
logical Survey  is  based  is  one  that  can  be  understood  only  after  a  little 
explanation.  The  systiem  has  gradually  grown  up  through  nearly  a 
generation  of  practice,  and  under  it  millions  of  dollai-s  have  lieen 
disbursed. 

Under  a  strict  construction  of  law  it  is  held  that  no  mone}^  can  in 
any  way  be  advanced  on  behalf  of  the  Government.  Each  purchase 
or  expenditure  should  be  made  by  a  bonded  disbursing  officer  or  agent. 
For  opemtions  outside  of  the  city  of  Washington  nearly  every  Gov- 
ernment bureau,  except  the  Geological  Survey,  has  such  a  bonded 
disbursing  officer  with  each  part}'^  or  body  of  men  under  its  direction. 
In  this  survey,  however,  the  number  of  disbursing  officers  has  l>een 
gradually  reduced,  until  now  pi*actically  all  disbursements  are  inaile 
from  Washington,  field  men  sending  all  acxjounts  to  one  or  two  bonded 
clerks  at  tha£  city. 

This  system,  as  above  stated,  is  apparentl}^  the  outgrowth  of  custom, 
having  received  the  approval  and  tacnt  acquiescence  of  D(»partment 
officials  throughout  many  ^^ears. 

Theoretically  the  disbursing  officer  pays  for  everything,  and  no 
Government  employee  need  have  money,  as  his  expenses  are  provided 
for  by  the  disburaing  clerk.  Practically,  however,  the  reverse  is  the 
case  under  the  present  system.  The  field  men  must  have  on  hand  an 
ample  supply  of  private  funds  in  order  to  carry  on  the  Government's 
work,  which  they  do  at  their  own  expense,  seeking  reimbursement 
immediately  after  the  end  of  each  month. 

The  principal  exception  to  this  rule  is  where  men  in  the  field  purchase 
supplies,  animals,  wagons,  etc.,  and  arrange  with  the  seller  to  send 
signed  vouchers  to  the  disbursing  clerk  at  Washington.  This  can  lie 
done  with  business  men  who  are  accustomed  to  such  matters,  but  fre- 
quently the  seller  is  suspicious  and  will  not  sign  vouchers  in  advance 
of  payment,  or  does  so  only  after  obtaining  the  guarant}'  of  the  field 
man  that  he  will  be  personally  responsible  for  the  payment  of  the 
accounts. 

It  thus  happens,  as  above  noted,  that  the  men  in  responsible  charge 
of  field  parties  nmst  have  considerable  sums  of  money  to  meet  current 
expenses,  and  each  man  may  thus  have  tied  up  in  Government  work 
from  $800  to  $500  a  month,  or  even  more;  in  some  cases  several 
thousand. 
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Some  of  the  men  are  not  able  to  do  this  without  considerable  sacri- 
fice, and  during  the  past  year  a  few  of  them  have  paid  as  high  as  1  per 
cent  a  month  to  procure  funds  to  be  used  for  Government  purposes. 
In<iuirv  has  been  made  as  to  whether  these  men  can  not  be  reimbursed 
for  this  outlay,  but  from  the  interpretation  of  the  law,  as  above  stated, 
it  is  obvious  tliat  this  is  impossible.     Relief  from  this  large  outlay  by 
employees  can  be  had  only  by  following  more  closely  the  provisions  of 
law  by  appointing  lK)nded  disbursing  agents  for  each  of  the  large 
parties.     Gradual  changes  in  this  direction  are  being  made,  and  it  is 
planned  to  have  a  disbursing  agent  in  each  district  to  perform  ordinary 
clerical  work  in  connection  with  his  disbursements,  and  to  make  him- 
self generally  useful  to  the  district  engineers.     It  is  desirable,  wherev^er 
possible,  that  this  clerk  should  be  also  a  stenographer  in  order  that  he 
may  be  of  greater  assistance. 

The  fact  that  men  are  compelled  to  advance  their  own  money  for 
Government  work  makes  it  very  important  to  secure  prompt  settle- 
meat  of  their  accounts.  The  delays  of  the  past  summer  have  been 
due  to  two  causes:  First,  most  of  the  men  making  the  accounts  were 
inexperienced  in  this  work;  and  second,  the  force  in  the  Washington 
office  employed  to  examine  and  revise  the  accounts  and  present  them 
for  payment  has  been  inadequate.  Both  of  these  causes  of  delay  have 
l)een  obviated  in  part;  the  men  have  gained  larger  experience  and  the 
office  force  has  been  increased. 

At  the  present  stage  of  the  reclamation  service,  as  above  noted,  all 
matters  are  in  a  condition  of  transition  or  evolution.  The  necessity 
of  having  competent  disbursing  officers  at  each  important  locality 
where  work  is  being  carried  on  is  now  apparent,  both  for  economy 
and  for  full  compliance  with  the  spirit  of  the  law.  In  view  of  such 
changes,  attention  is  called  to  certain  general  requirements: 

The  chief  engineer  supervises  all  disbursements  by  officers  of  the 
reclamation  service.  His  approval  of  their  accounts,  as  to  the  necessity 
or  expediency'  of  the  expenditure  and  the  prices  paid,  and  his  certifi- 
cate that  the  mode  of  expenditure  adopted  was  the  most  economical 
and  advantageous  to  the  Government  are  requisite.  If  the  district  or 
disbursing  officer  certifies  that  the  mode  of  expenditure  adopted  was 
the  most  economical  and  advantageous  to  the  Government,  the  certifi- 
cate of  the  chief  engineer  to  that  effect  may  be  omitted. 

As  has  been  already  stated,  the  chief  engineer  presents  to  the  Secre- 
tary of  the  Interior,  through  the  Director  of  the  Geological  Survey, 
on  or  before  the  last  day  of  each  quarter  a  report  of  the  operations  of 
the  reclamation  service,  with  such  suggestions  relative  to  its  affairs  as 
he  may  deem  expedient,  accompanied  by  an  estimate  of  funds  required 
for  the  service  during  the  ensuing  three  months. 

An  officer  or  agent  who  may  supervise  the  disbursement  of  monej'^ 
for  any  work  of  construction  or  survey  in  his  charge,  or  any  operations 
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involving  expenditures,  must  furnish  to  the  chief  engineer  an  estimate 
of  the  probable  expenditures  for  the  coming  quarter  and  a  plan 
showing  the  manner  in  which  it  is  proposed  to  apply  the  money. 

All  officers,  agente,  or  other  persons  who  are  charge<l  with  the  safe-keeping,  tmitf- 
fer,  or  disbarsement  of  the  public  moneys,  shall  keep  an  a<x;urate  entry  of  eat'h  sun\ 
received  and  of  each  payment  or  transfer,  and  shall  render  distinct  accouiit4«  of  the 
application  thereof  according  to  the  appropriation  under  which  the  moneys  may 
hav^e  been  advanced  to  them.  Every  officer  or  agent  who,  having  receive<l  puhlic 
money  which  he  is  not  authorized  tf)  retain  as  salary,  pay,  or  emolument,  fail^  t(» 
render  his  accounts  for  the  same  shall  be  deemed  guilty  of  eml)ezzlement,  and  shall 
be  fined  in  a  sum  equal  to  the  amount  of  the  money  embezzled,  and  shall  be  imprij*- 
oned  not  less  than  six  months  nor  more  than  ten  years. 

Every  officer  or  agent  of  the  United  States  who  receives  public  money  which  he  in 
not  authorized  to  retain  as  salary,  pay,  or  emolument,  shall  ren<ler  his  accoant^ 
monthly    *    *    *     {Rev,  Stat.,  3622.) 

The  law  requires  that  a  sepaiute  account  be  kept  with  each  appro- 
priation disbursed.  The  usual  forms  of  account  current  and  a])stra(*tv-; 
prepared  for  this  purpose  and  approved  by  the  Comptroller  of  the 
Treasury  should  be  used  by  disbursing  officers.  Ac(»ounts  current 
should  be  made  in  triplicate.  Two  copies,  accompanied  by  two  sets  of 
abstracts  and  one  set  of  vouchers  complete,  should  be  forwaixied  to 
the  chief  engineer.  The  other  copy,  also  accompanied  by  abstracts 
and  vouchers,  should  be  retained  by  the  officer. 

An  error  made  in  an  account  must  be  corrected  in  the  next  account 
current  of  the  officer  after  he  is  informed  of  the  error,  and  reference 
should  be  made  therein  to  the  particular  voucher  in  which  the  error 
occurred. 

In  notifying  officers  of  remittances  the  chief  engineer  will  infonn 
them  of  the  amount  remitted  under  each  head  of  appropriation.  All 
officers  who  make  transfers  of  public  funds  will  pursue  a  similar 
course,  stating  in  the  invoices  and  receipts  the  amount  transferred 
from  each  appropriation.  In  the  letters  notifying  officers  of  requests 
for  remittances  the  chief  engineer,  in  addition  to  the  amount  of  each 
appropriation,  will  give  the  titles  of  appropriations  to  be  used  in 
accounts  current,  abstracts,  and  vouchers. 

Disbursing  officers  will  promptly,  at  the  close  of  business  at  the  end 
of  each  month,  make  and  forward  statements  showing  explicitly  where 
their  funds  are  deposited.  Officers  will  include  in  the  sums  claimed 
to  be  on  deiK)sit  onl}'  such  as  have  been  officially  credited  to  them,  and 
of  which  credit  they  have  been  duly  informed  by  the  depositary. 

When  an  officer  is  relieved  from  duty  on  any  work  he  should  certif}' 
the  outstanding  debts  to  his  successor,  and  transmit  an  account  of 
them  to  the  chief  engineer.  Unless  otherwise  ordered,  he  will  turn 
over  to  his  successor  the  public  money  and  property  and  the  lKX>ks 
and  papers  appertaining  to  the  service  from  which  he  is  relieved. 
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Oisbursing  officers,  when  they  have  the  money,  shall  pa}'  cash,  and 
not  open  an  account. 

When  disbursin^jf  officers  dmw  checks  in  payment  of  accounts  on 
funds  placed  to  their  credit  with  assistant  treasurers  or  other  deposi- 
taries of  the  United  States,  they  should  note  upon  the  receipt  taken 
for  suc^h  payment  the  number,  date,  and  amount  of  the  check  given 
in  payment,  and  designate  the  assistant  treasurer  or  depositar}'  upon 
whom  it  is  drawn;  and  when  an  account  is  paid  in  part  by  currency, 
the  amount  of  the  same  should  be  stated. 

Persons  employed  in  the  reclamation  service  ma}^  be  allowed  actual 
traveling  expenses  for  travel  on  duty  under  orders,  to  bo  paid  from 
the  allotment  applicable  to  the  works  upon  which  such  persons  are 
employed.  The  affidavit  of  the  person  should  be  made  in  the  pre- 
j'CinlK>d  form. 

Vouchers  for  purchases  made  should  specify  the  quantity  and  price 
of  each  article  l>ought,  the  name  and  Inisiness  plat»eof  the  person  from 
whom  it  is  procured,  and  the  date  and  manner  of  purchase.  Vouchers 
for  services  rendered  should  state  the  nature  and  period  of  service,  the 
rate  of  pay  per  diem  or  month,  etc.  Vouchers  for  emergency  pur- 
chjises  or  services  should  state  that  the  price  paid  was  the  lowest 
market  rate,  and  that  the  mode  of  expenditure  adopted  was  the  most 
economical  and  advantageous  to  the  Government. 

When  original  vouchers  can  not  be  furnished  with  accounts,  copies 
duly  certified  as  true  by  a  disinterested  officer  may  be  accepted. 
If  no  other  officer  than  the  pa3''or  or  pa3'eeis  at  the  locality  when  pay- 
ment is  made,  both  must  certify  to  that  fact  and  also  to  the  correctness 
of  the  cop3'. 

When  vouchers  are  not  sent  with  the  account  to  which  they  belong, 
an  explanation  must  be  made  as  to  wh}'  they  were  not  produced  with 
and  included  in  the  proper  account. 

At  the  time  vouchers  are  transmitted  by  an  officer  with  his  accounts 
if  any  of  the  artii^les  purchased  as  noted  thereon  have  been  "  expended 
and  applied  to  the  pui-pose  for  which  purchased,"  a  certificate  to  that 
effect  mav  l)e  made,  and  when  so  made  the  articles  referred  to  need 
not  be  taken  up  on  abstracts  of  property  or  on  property  returns. 

Requests  for  the  admission  free  of  duties  and  charges  of  articles 
imported  for  the  use  of  the  Government  of  the  United  States,  must  be 
accompanied  with  a  list  of  the  articles  to  ))e  forwarded  to  the  collector 
of  customs  for  his  information  and  guidance  and  for  the  permanent 
files  of  his  office. 

DISALLOWANCES  AND  SUSPENSIONS. 

One  of  the  most  important  duties  of  an  officer  of  the  Government 
is  to  learn  how  to  make  acceptable  at^counts.     Much  experience  is 
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required  to  do  this,  and  much  application  of  constructive  energj'.  It 
is  our  business  to  learn  to  do  this  clerical  work  rapidly  and  econom- 
icalh'.  The  Treasury  officials  at  Washington  are,  in  one  sense,  not 
constructive  as  regards  such  rfiatters.  Their  rulings  are  mainly  pro- 
hibitions— this  or  that  thing  should  not  be  done.  On  the  other  hand, 
there  are  few  persons  whose  business  it  is  to  tell  the  field  man  how  to 
do  things.  It  becomes,  therefore,  one  of  the  important  duties  of  the 
more  experienced  field  men  to  give  to  others  the  benefit  of  their 
experience  and  to  show  them  how  Government  accounts  can  be  ren- 
dered acceptably,  accurately,  so  that  the}^  may  stand  every  test  of 
scrutin}'  or  of  searching  investigation. 

Occasiorialh'  mistakes  are  made  by  new  men,  and  disallowances  of 
just  claims  result;  but  with  care  and  forethought  it  is  usualh^  possible 
to  avoid  such  difficulties.  During  the  past  season  each  man  Ims  been 
perplexed  by  his  accounts  and  has  suffered  financially,  but  as  a  rule 
the  losses  have  been  comparatively  trivial  by  reason  of  the  fact  that 
every  effort  is  made  at  the  Washington  office  to  assist  in  rectifyin<r 
blunders  and  supplying  omissions.  The  accounts  tliat  the  men  make 
in  the  field  go  at  first  to  the  office  of  the  chief  engineer  in  \Vashingt4>n, 
and  are  there  carefully  scrutinized  for  mistakes  and  informalities  by 
clerks  who  have  spent  years  in  this  particular  work  and  who  an* 
guided  by  the  monthly  statement  of  suspensions  and  disallowance^ 
made  by  the  Auditor's  office. 

A  number  of  questions  have  been  asked  concerning  disallowances  on 
accounts.  As  a  rule  an  attempt  is  made  to  notify  men  in  the  field  of 
the  reason  for  a  disallowance,  but  in  some  cases  the  reason  is  so  obvi- 
ous that  it  should  not  be  necessarv  to  write  a  letter. 

As  far  as  practicable  all  mistakes  and  clerical  errors  are  detected 
during  the  examination  of  accounts  in  the  office  of  the  chief  engineer. 
These  are  briefly  pointed  out  or  explained  to  the  men  in  the  field. 
From  this  office  the  accounts  go  to  the  disbursing  clerks  of  the  (u*«)- 
logical  Survey,  who  also  examine  them  and  if  the}"  are  satisfactory 
make  payment  by  checks.  It  is  assumed  that  if  errors  are  discovennl 
later,  in  the  Treasury  Department,  and  disallowances  made  for  any 
items,  the  men  in  the  field  will  reimburse  the  disbursing  clerk  for  the 
amounts  covering  items  disallowed.  Thus  it  frequently  happens  that 
after  an  account  is  paid  the  disbursing  clerk  will  call  upon  the  field 
man  to  refund  a  small  amount  which  has  been  suspended  or  disallowed 
by  the  accounting  officers  of  the  Treasury  Department  because  of  an 
error  discovered  by  them.  Sometimes  satisfactory  explanation  can  l)e 
made  by  the  man  in  the  field,  and  it  will  not  then  })e  necessary  to 
refund  the  money,  but  if  he  can  not  give  such  explanation  he  should 
immediately  forward  the  money  to  the  disbursing  clerk;  otherwise,  it 
will  be  necessary  for  the  certifying  officer  to  pay  this  amount  out  of 
his  own  pocket. 
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Disallowances  are  of  two  kinds;  those  made  by  the  disbursing  clerk 
before  the  aceount  is  paid  and  those  made  by  oflScers  of  the  Treasury 
I>epartment  after  the  account  has  been  paid  by  the  disbursing  clerk. 
Ill  the  first  case  the  deduction  is  made  by  the  disbursing  clerk  and  a 
check  is  sent  for  the  remainder  of  the  account.  In  the  second  case  the 
money  must  be  refunded  to  the  Treasury  Department  by  the  field  man 
through  the  disbursing  clerk.  A  careful  record  is  kept  of  these  mat- 
ter's and  a  definite  system  is  followed. 

The  accounts  of  the  disbursing  clerks  or  agents  are  sent  to  the 
Trea.sury  Department  and  are  there  examined  carefully  for  errors. 
These  examinations  may  not  be  made  for  several  weeks  or  months. 
Hence,  an  account  for  January,  which  may  be  paid  in  February,  will 
proljably  not  be  heartl  from  until  May  or  June.  At  that  time  the 
disbursing  clerk  will  receive  from  the  Treasury  Department  a 
letter  allowing  most  of  the  items  in  his  account,  but  suspending  or 
disallowing  certain  other  items.  An  example  of  these  suspensions  is 
given  in  the  following  paragraphs,  extracted  from  one  of  the  Auditor's 
lettei-s  relating  to  accounts  for  December,  1902.  In  these  the  names 
of  the  persons  (concerned  have  been  omitted. 

SAMPLES  OF   SUSPENSIONS  OR   DISALLOWANCES  MADE    BY  THE    AUDITOR 

IN   A(XX)UNTS  OF  A    DISBURSING   CLERK. 

Vou.  40,  sub  voucher  12,  includes  charge  for  supper,  Novembers,  1902,  50  cents. 

Suspended,  as  8up|)er  for  same  date  is  charged  per  voucher  20 fO.  50 

Vou.  41,  subvoucher  1,  AV.  T^.  Telegraph  Co.,  message  of  57  words  from  Raw-    ^ 

Una,  Wyo.,  to  Los  Angeles,  Cai.,  75  cente.     Should  be  71  cents.     Suspended.       .  04 

Vou.  49,  subvoucher  7,  for  $3.00;  receipt  Iq  for  $1.50  only.     Suspended 1.50 

Vou.  85,  notary  fee,  50  centi^.  I^iegal  rate  for  Idaho,  25  cents.  Suspended  ...  .25 
Vou.  103,  Huh)voucher  15  of  WeJln,  Fargo  &  Co.,  expresH,  $5.16.     Receipted  for 

$5.1.5.    Su«i)ended 01 

Vou.  104,  subvoucher  2,  Ixiard  bill  at  Denver,  Colo.,  $2.50.     Suspended,  as 

travel  order  dc >en  not  authorize  stop-over  at  Denver 2. 50 

Vou.  119,  Hubvoucher  10, ,  services  sa  ccH)k  from  November  1  to  6, 

1902,  $9.     Sut<j)endt»<l,  bm  he  was  j>aid  for  month  of  November,  per  voucher 

189  of  thin  ac<'ount 9.00 

Vou.  2S2,  subvoucher  15,  lunch ,  Dec.  10,  charged 

10  ct8,     SiL«!i)endt*d,  as  dinner  and  supper  for  .same  date  are  also  charged  per 

Hiibvom-hers  16  and  17 10 

Vou.  56, ,  first  item,  50  lbs.  flour,  at  IJ  eta.  j)er  lb.,  $1.25;  should  be 

(V.i  ris.     Sus|)ende<l 62 

Vou.  68,  Decemljer  2, 1902,  8leej)er,  Reno  to  San  Francisco,  $2.    Correct  charge, 

$1 .50.     Suspende^d 50 

Vou.  69, ,  Nov.  25,  1902,  railroad  fare,  Roseville  to  Sacramento 

and  return,  $1. 10.     Disallowed,  travel  being  over  bond-aided  line 1. 10 

Vou.  156, ,  p.  1,  lin^  3,  two  frj'  pans,  at  20  cts.,  80  cts.;  should  be 

40  cti?.     Sasi^ended 40 

Vou.  178, ,  subvoucher  6,  breajcfast,  Dec.  8,  charged  19  cents. 

Suspended,  as  breakfast  for  same  date  is  also  charged  for  subvoucher  24, 

Janoar}'  voucher  134 19 

Vou.  68,  January  6,  1903,  porter's  fee,  75  eta.;  shotild  be  25  cts.    Suspended. .      . 50 
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In  some  of  the  cases  above  given  the  apparent  error  can  l>e  explained 
and  the  suspension  will  be  removed;  in  other  cases,  especially  those 
involving  a  slight  diflFerence  in  car  fare,  it  is  preferable  to  remit  tho 
few  cents,  and  let  the  amount  be  disallowed.  It  must  be  rememljered 
that  some  one  refunds  this  money  to  the  Treasury — either  the  man  in 
the  field,  who,  presumably,  made  the  mistake,  or  the  certifying  officer, 

auditor's  CIRCUIaAR. 

The  following  paragraphs  regarding  disallowances  and  suspensions 
are  taken  from  a  Treasury  Department  circular  dated  April  is,  1J«>2. 
and  signed  by  R.  S.  Person,  Auditor  for  the  Interior  Department: 

Disbursing  officers,  disbursing  clerks,  and  disbursing  agents  of  the  Department  of 
the  Interior,  and  special  agents  employed  ])y  the  Secretary  of  the  Interior  fhar^pt**! 
with  the  disbursement  of  public  moneys  are  instructed  to  observe  strictly  the  f<»l- 
lowing  regulations  in  making  explanations  to  statements  of  differences  made  in  the 
examination  and  settlement  of  their  accounts  in  the  Treasury  Department: 

DISALLOWANCES. 

Explanations  to  items  disallowed  by  the  Auditor  on  examination  and  settlement  of 
an  account  can  be  considered  only  by  the  Comptroller  of  the  Treasury  on  revi?i<»n 
of  the  account.  Requests  for  revision  of  accounts  shouhl  l)e  ma<ie  directly  to  \\w 
Comptroller  of  the  Treasury,  and  in  all  cases  within  one  year  from  the  date  of 
settlement. 

SUSPENSIONS. 

1.  All  explanations  of  items  suspended  by  the  Auditor  on  examination  and  settle- 
ment of  an  account  must  be  made  directly  to  the  Auditor  for  the  Irdcrior  DepartmnU. 
(Treasury  Department  circular  87,  issued  by  the  Comptroller  of  the  Treasiry  ami 
approved  by  the  Secretary  of  the  Treasury,  April  25,  1895. ) 

2.  Explanations  should  be  made  promptly.  They  should  reach  the  Auditor,  if 
possible,  not  later  than  thirty  days  from  date  of  settlement. 

3.  Different  accounts  must  l)e  explained  in  separate  communications,  so  that  the 
explanations  may  be  filed  with  the  certificate  of  settlement  in  which  final  at^tion  ii» 
had. 

4.  Refer  to  accounts  by  period  covered,  and  Auditor's  certificate  number.  It  will 
facilitate  the  handling  of  your  explanation  if  you  will  begin  it  in  the  following 
manner: 

Herewith  are  submitt-ed  explanations  to  items  suspended  in  my  account  as 

for  the  quarter  ended ,  190 — ,  stated  per  Auditor's  certifi(*ate  No. . 

Follow  this  with  the  explanation  to  each  item  separately  and  in  regular  onler, 
referring  to  voucher  number,  and  giving  amount  claimed  under  each  item. 

5.  Explanations  should  answer  fully  and  specifically  all  questions  asked  by  the 
Auditor,  and  objections  raised  to  the  allowance  of  any  item.  All  the  items  sus{»ende<l 
in  an  account  must  l)o  explained  at  the  same  time,  so  far  as  possible. 

6.  Items  to  which  you  desire  to  make  no  explanation  should  be  indicated  in  your 
communication  as  ''conceded." 

7.  Where  explanations  are  not  received  within  a  period  of  six  months  from  date 
of  settlement,  and  no  satisfactory  reason  appears  for  the  delay,  it  will  be  assunieti 
that  the  disbursing  officer  has  no  sufficient  explanation  to  make,  and  the  item  will 
be  disallowe<l. 

The  attention  of  field  men  is  called  to  the  fact  that  the  Govenmient 
spares  no  expense  to  correct  trivial  errors.      All  bills  are  rigidlj- 
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checked,  and  if  errons  arc  found  much  correspondence  U  required  to 
correct  theui.  The  Government  may  incur  an  cxpenne  of  ten  dollars, 
or  a  hundred  dollai's,  in  clerical  services,  correspondence,  etc.,  to  cor- 
rect an  error  of  a  few  cents  in  a  voucher.  For  this  reason  it  is  extremely 
important  that  anyone  initiating  an  account  should  see  that  it  is  cor- 
rect in  the  first  instance.  Errors  may  not  be  detected  for  months  or 
even  years,  but  when  detected  the  men  in  the  field  are  called  upon  for 
explanation.  Thus  it  is  to  the  interest  of  all  concerned  to  use  every 
possible  precaution  to  avoid  the  necessity  of  taking  up  these  trivial 
matters  a  second  time. 

EXPRESS  CHARGES. 

Engineers  and  hydrographers  arc  requested  to  give  especial  atten- 
tion to  matters  pertaining  to  shipment  of  material  by  express.  The 
experience  of  the  past  summer  has  shown  that  it  is  costing  the  Gov- 
ernment more  to  get  satisfactory  vouchers  than  the  expressage  itself 
amounts  to.  This  is  due  to  the  fact  that  the  regulations  are  very 
exacting  and  require  certain  information  which  it  is  extremely  difficult 
to  obtain  without  large  outlay  of  time  and  money  in  clerical  labor  and 
in  visiting  the  offices  of  express  companies. 

The  first  rule  to  be  observed  is  that  material  should  not  be  sent  by 
express  if  it  can  be  sent  by  mail  or  freight.  In  this  connection  the 
rule  regarding  the  use  of  the  official  frank,  contained  on  page  19  of 
the  Begulations,  should  be  noted.  Material  too  bulky  to  be  sent  by 
mail  should  be  sent  by  freight  if  time  permits.  On  this  point  the 
Regulations,  page  51,  section  68^  and  Instructions,  page  84,  section 
12,  should  be  consulted. 

Annoyance  arising  from  defective  vouchers  can  be  avoided  by  util- 
izing the  survey  bill  of  lading  (Form  9-060),  both  for  express  and  for 
freight.  The  principal  express  and  freight  companies  have  instructed 
their  agents  to  accept  this  form,  but  trouble  will  usually  be  found 
with  agents  at  out-of-the-way  stations.  Some  of  these  men  refuse  to 
accept  this  bill  of  lading,  and  occasional  instances  have  arisen  where 
agents  have  insisted  upon  cash  payments  in  addition  to  the  bill.  When 
the  survey  bill  of  lading  is  used  payment  should  not  be  made.  If  the 
agent  refuses  to  accept  the  bill  of  lading,  the  facts  should  be  briefly 
reported  to  this  office  by  telegram  and  instructions  should  be  asked 
if  the  place  is  near  a  telegraph  office.  If  it  is  not  near  a  telegraph  or 
post-office,  payment  should  be  made  under  protest,  and  the  facts 
should  be  stated  upon  the  voucher. 

When  express  matter  is  received  gi*eat  care  must  be  taken  to  have 
the  voucher  properly  filled  out.  This  is  a  comparatively  small  matter 
if  it  is  possible  to  visit  the  express  office  and  present  the  vouchers  in 
person,  but  where,  as  is  frequently^  the  case,  the  vouchers  must  be  sent 
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and  obtained  through  the  service  of  a  messenger,  a  teamster,  or  an 
uneducated  person,  care  must  be  exercised  in  writing  out  full  instruc- 
tions as  to  how  the  vouchers  should  be  filled.  The  rules  require  for 
the  ordinary  field  account  two  distinct  receipts,  one  of  these  being  in 
duplicate,  making  three  signatures  in  all.  These  signatures  must  W 
in  ink,  not  in  pencil,  nor  in  the  so-called  indelible  pencil  commonly 
used  by  express  messengers.  The  signature  must  be  clear  and  legible, 
and  not  merely  a  hasty  scrawl,  as  is  frequently  the  case. 

The  first  voucher  required  is  the  ordinary  slip  receipt  supplied  by 
the  express  company.  This  must  contain  all  of  the  facts  furnished 
by  the  company.  In  addition  to  this  ordinar}'^  slip  receipt  it  is  neces- 
sary to  obtain  duplicate  subvouchers  on  the  usual  form.  These  sub- 
vouchers  must  state  distinctly  the  facts  called  for  in  the  regulations 
and  instructions,  and  also  certain  additional  facts  recently  required, 
particularly  the  rate  per  hundred.  Express  shipments  are  not  com- 
puted directly  on  the  weight  of  the  article,  but  upon  a  basis  of  so 
much  per  hundred  pounds  between  certain  points.  For  example,  if 
payment  on  a  7-pound  package  is  35  cents,  the  rate  is  not  5  cent**  per 
pound,  but  some  undeterminable  rate  per  hundred,  which  can  be 
ascertained  only  from  the  express  company. 

The  principal  facts  required  to  be  stated  upon  an  expre^ss  sub- 
voucher  are  as  follows: 

Point  from  which  material  is  shipped. 

Point  to  which  material  is  shipped. 

Name  of  express  company  first  receiving  goods. 

Name  of  express  company  delivering  goods. 

General  statement  as  to  contents  of  package. 

Statement  as  to  value.  (This  should  not  exceed  $50,  even  though 
value  is  several  hundred  dollars.) 

Condition  in  which  received — whether  good  or  bad. 

Rate  per  hundredweight. 

It  has  recentlv^  been  de(M'ded  that  when  express  is  paid  in  connec- 
tion with  traveling  expenses  it  is  not  necessary  to  secure  subvouchers 
on  the  Geological  Survey  form.  A  single  receipt  from  the  express 
company  giving  the  above  facts,  on  its  ordinary  fomi,  will  suflSce. 
This  will  greatly  simplify  the  labor  and  expense  of  procuring  the  nec- 
essary vouchers,  and  it  is  hoped  that  this  rule  will  prove  operative  in 
the  future. 

In  order  to  avoid  making  mistakes,  it  is  essential  that  the  men  in  the 
field  should  know  something  about  the  methods  of  express  companies. 
There  are  a  number  of  thefte  companies — Adams,  American,  Denver 
and  Rio  Grande,  Northern  Pacific,  Pacific,  Southern,  United  States, 
Wells-Fargo,  etc.  Most  of  these  have  adopted  a  uniform  method  of 
classification  and  uniform  tables  of  graduated  charges  per  hundred- 
weight (see  pp.  64, 66). 
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In  brief,  it  amy  be  said  that  when  the  rate  per  hundredweight  is  less 
than  $2,  the  charge  increases  gradually  by  units  of  5  pounds^  but  not 
in  exact  proportion  to  the  weight.  For  example,  a  1-pound  package 
will  be  25  cents,  whatever  the  rate;  2  pounds  may  be  25  or  30  cents; 
8  i>ounds  from  25  to  40  cents;  5  pounds  will  run  from  30  to  55  cents, 
and  50  pounds  from  40  cents  to  ^1.10. 

When  the  rate  is  above  $2  per  hundredweight  a  pound  rate  is  made 
for  50  pounds  and  over.  For  packages  under  50  pounds  in  weight  the 
g^raduated  charge  is  sometimes  greater  than  the  proportional  weight 
w'ould  indicate. 

Two  packages  sent  by  the  same  person  to  the  same  destination  are 
not  charged  on  a  basis  of  their  united  weight,  but  are  each  charged 
separately,  if  under  20  pounds  each.  It  is  important  therefore,  for 
economy,  to  make  one  package  of  material  as  far  as  practicable. 

Graduated  charges,  as  above  described,  apply  to  matter  weighing 
less  than  100  pounds  when  the  rate  is  under  $2  per  hundred  pounds; 
also  to  matter  less  than  50  pounds  when  the  rate  is  $2  or  more  per 
hundred  pounds.  For  example,  between  points  where  the  rate  per 
hundred  pounds  is  $1.50,  a  box  weighing  03  pounds  must  be  charged 
at  the  graduated  rate  under  the  heading  *''$1.50,"  or  at  $1.25.  Pack- 
ages exceeding  7  pounds,  carried  by  more  than  one  compan}^  have  a 
graduated  charge  for  each  company. 

When  the  rate  per  hundred  pounds  is  $2  or  more  the  pound  rate  is 
charged  for  50  pounds  or  over.  The  charge  for  less  than  50  pounds 
is  made  by  the  graduated  scale  and  must  not  exceed  the  charge  for 
50  pounds. 

When  the  through  charge  can  not  be  accurately  ascertained,  the 
charge  to  the  transfer  point  only  should  be  obtained  and  the  consignee 
notified  of  this  fact. 

In  making  out  vouchers,  if  the  rate  per  hundred  pounds  can  not  be 
ascertained  from  the  express  company,  it  should  be  computed  from 
the  accompanying  table,  and  the  error,  if  any,  should  appear  to  be  in 
favor  of  the  Government,  for  the  reason  that  errors  which  appear  to 
favor  the  Government  are  not  corrected  by  the  accounting  officers, 
while  errors  resulting  in  an  apparent  overcharge  to  the  Government, 
however  trivial,  are  sought  out,  and  if  discovered  refund  is  demanded. 

The  express  business  is  comparatively  simple  when  it  is  handled  by 
a  single  company,  but  difficulties  arise  when  express  matter  is  sent 
over  two  or  more  lines.  The  attempt  is  made  by  the  company  receiv- 
ing the  matter  to  send  it  as  far  as  possible  over  its  own  line,  and  it 
may  thus  be  sent  by  a  route  which  is  not  the  quickest  or  the  cheapest. 
Care  should  therefore  be  taken  to  see  that,  whenever  practicable, 
express  matter  is  sent  by  a  route  involving  the  least  possible  charge, 
as  the  officials  of  the  Treasury  Department  will  suspend  express  bills 
on  packages  that  are  not  sent  by  the  cheapest  route. 
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All  express  matter  sent  from  Washington  is  preiwiid,  and  all  expn'?vs 
matter  sent  to  Washington  should  be  sent  ^'collect,''  so  that  diffi- 
culties concerning  shipments  to  and  fi^om  this  point  arc  avoided.  The 
chief  annoyances  relate  to  express  packages  sent  from  one  party  in  the 
field  to  another.  When  express  matter  is  shipped  a  receipt  should  W 
taken  and  forwarded  at  once  by  mail  to  the  person  to  whom  the  jjack- 
age  is  directed.  The  principal  f  act«  as  to  the  route  and  charges  should 
be  learned,  and  the  consignee  should  be  notified  of  these  so  that  he 
will  have  no  difficulty  in  making  out  his  accounts. 

An  extra  charge  is  made  for  the  shipment  of  merchandise  that  is 
valued  on  a  bill  of  lading  at  more  than  $50.  As  a  rule,  mo8t  of  the 
packages  of  instruments,  maps,  etc.,  exceed  this  in  value,  but  ac*cord- 
ing  to  the  insti-uctions  it  is  not  allowable  to  pay  excess  express  charges, 
and  therefore  the  valuation  should  l)e  given  as  •*'  not  exceeding  $5<»." 

PRINTING. 

The  Assistant  Comptroller  of  the  Treasury,  on  October  21,  11W»3, 
decided  that  the  Secretary  of  the  Interior  is  authorized  under  section 
10  of  the  act  of  June  17,  1002  (32  Stat.,  390),  known  as  the  reclama- 
tion act,  to  make  rules  and  regulations  to  govern  the  manner  in  which 
the  printing  necessary^  to  carry  into  effect  the  provisions  of  this  act 
shall  be  done,  subject  to  the  limitations  of  the  act  of  January  12,  181*5, 
and  that  if  he  should  prescribe  by  rule  and  regulation  that  an  officiT 
doing  field  work  should  procure  for  his  use  the  printing  of  notices  and 
specifications  outside  of  the  (tovcrnment  Printing  Office,  as  the  exi- 
gencies of  the  service  required  them,  the  printing  so  done  would  not 
come  within  the  provisions  of  the  act  of  January  12,  1895,  as  applied 
to  printing  done  for  an  Executive  Depu,rtment.  If  printing  for  such 
pui'pose  can  be  held  to  be  for  an  Executive  Department  within  the 
meaning  of  the  act  of  January  12,  1895,  such  action  of  the  Secretary 
of  the  Interior  w^ould  place  it  in  the  class  of  printing  ''otherwise  pro- 
vided for  by  law."     (4  Comp.,  274.)     The  decision  concludes: 

I  am  of  the  opinion,  therefore,  that  you  are  authorized  to  prescribe  by  rule  an*! 
regulation  the  manner  in  which  the  ))rinting  described  in  your  coinnmnication  nhall 
be  procured,  and  that  the  i)rinting  so  provided  for  can  be  paid  for  out  of  the  **  recla- 
mation fund.'* 

The  usual  or  routine  printing  for  the  reclamation  service  is  done  at 
Washington  on  requisition  through  Departmental  channels.  When  it 
is  apparent  that  on  account  of  an  exigency  printing  should  be  done  in 
the  field,  a  request  must  be  made  to  the  chief  engineer  for  suitable 
authority  to  be  had  for  the  general  or  specific  purpose.  Requests  for 
such  authority  should  state  clearly  the  character  of  the  printing, 
number  of  copies,  character  and  extent  of  the  work,  and  the  estimated 
cost.  No  printing  should  be  undert^iken  until  such  authorization  is 
obtained. 
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LAWS  COVERING  PURCHASES. 

As  work  progresses  from  preliminary  reconnaissances  to  detailed 
surveys  and  examinations,  a  larger  and  larger  number  of  articles  must 
Ik>  purchased  and  a  greater  variety  of  machinery  and  appliances 
obtained,  such  as  diamond  drills  and  other  tools  of  various  kinds. 
The  regulations  and  instructions  of  the  Geologicjil  Survey  and  the 
cuHtoms  growing  out  of  a  quarter  of  a  century  of  field  work  govern 
the  usual  expenditures  for  surveys  and  examinations,  but  the  addi- 
tional duties  of  the  reclamation  servic^e  pass  somewhat  beyond  the 
precedents  established,  and  for  this  reason  especial  attention  must  l)e 
paid  to  the  laws  governing  purchases  in  general  and  care  must  be 
taken  to  observe  all  such  laws. 

The  following  quotations  from  the  Revised  Statutes  contain  some  of 
the  most  important  provisions  of  law  regarding  purchases: 

Skc.  3709.  All  purchases  and  contrat^ta  for  supplies  or  Hervicea  iu  any  of  the 
(lepartmente  of  the  Government,  except  for  i)ersonal  services,  shall  Ix?  made  by 
advertising  a  sufficient  time  previously  for  proposals  respecting  the  same  when  the 
public  exigencies  do  not  require  the  immediate  delivery  of  tfie  articles  or  jxjrform- 
ance  of  the  service.  When  immediate  delivery  or  performance  is  required  by  the 
public  exigency  the  articles  or  service  required  may  1x3  procured  by  open  purchase 
or  contract  at  the  places  and  in  the  manner  in  which  such  articles  are  usually  bought 
and  sold,  or  such  services  engageil,  between  individuals. 

Sec.  3710.  Whenever  pro[M)8als  for  supplies  have  been  solicited  the  parties 
responding  to  such  solicitation  shall  be  duly  notified  of  the  time  and  place  of  opening 
the  bids  and  be  permitted  to  be  present  either  in  i)er8on  or  by  attorney,  and  a  record 
of  each  bid  shall  then  and  there  be  made. 

Sec.  3737.  No  contract  or  order  or  any  interest  therein  shall  be  transferred  by  the 
party  to  whom  such  contract  or  order  is  given  to  any  other  party,  and  any  such 
transfer  shall  cause  the  annulment  of  the  contract  or  order  transferred  so  far  as  the 
United  States  are  concerned.  All  rights  of  action,  however,  for  any  breach  of  such 
contract  by  the  contractile  parties  are  reserveil  to  the  United  States. 

Sec.  3739.  No  Member  of  or  Delegate  to  Congress  shall  directly  or  indirectly, 
himself  or  by  any  other  person  in  trust  for  him,  or  for  hia  use  or  benefit,  or  on  his 
account,  undertake,  execute,  hold,  or  enjoy,  in  whole  or  in  part,  any  contract  or 
agreement  made  or  entered  into  in  behalf  of  the  United  States  by  any  officer  or 
person  authorized  to  make  contracts  on  behalf  of  the  United  States.  Every  i)er8on 
who  violates  this  section  shall  be  deemed  guilty  of  a  mis^tlemeanor  and  shall  l>e  fiue<i 
three  thousand  dollars.  All  contracts  or  agreements  made  in  violation  of  this  section 
shall  be  void;  and  whenever  any  sum  of  money  is  advanced  on  the  part  of  the 
United  States  in  consideration  of  any  such  contract  or  agreement,  it  shall  Im  forth- 
with repaid;  and  in  caee  of  refusal  or  delay  to  repay  the  same,  when  demanded,  by 
the  proper  officer  of  the  Department  under  whose  authority  such  contract  or  agree- 
ment shall  have  been  made  or  entered  into,  every  person  so  refusing  or  delaying, 
together  with  his  surety  or  sureties,  shall  be  forthwith  prosecuted  at  law  for  the 
recovery  of  any  ^ch  sum  of  money  so  advanced. 

Ssc.  3740.  Nothing  contained  in  the  preceding  section  shall  extend,  or  be  construed 
to  extend,  to  an^  contract  or  agreement  made  or  entered  into  or  accepted  by  any 
incorporated  company,  where  such  contract  or  agreement  is  made  for  the  general 
benefit  of  such  incorporation  or  company,  nor  to  the  purchase  or  sale  of  bills  of 
exchange  or  othet  property  by  any  Member  of  (or  Delegate  to)  Congress  where  the 
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same  are  ready  for  delivery  and  payment  therefor  in  made  at  the  tuue  of  mokifig  or 
entering  into  the  contract  or  agreement. 

Sec.  3741.  In  every  such  contract  or  agreement  to  he  made  or  entered  into,  or 
accepted  by  or  on  behalf  of  the  United  vStates,  there  shall  be  inserted  an  express  con- 
dition that  no  Member  of  (or  Delegate  to)  Congress  shall  be  admitted  to  any  &hai« 
or  paTt  of  such  contract  or  agreement  or  to  any  benefit  to  arise  thereupon. 

Sec.  3742.  Every  officer  who,  on  behalf  of  the  United  States,  directly  or  indirec-tly 
makes  or  enters  into  any  contract,  bargain,  or  agreement  in  writing  or  otherwise, 
other  than  such  as  are  hereinbefore  excepted,  with  any  Member  of  (or  Delegate  to) 
Congress,  shall  be  deemed  guilty  of  a  misdemeanor  and  shall  be  fined  three  thou- 
sand dollars. 

Sec.  3743.  All  contracts  to  be  made,  by  virtue  of  any  law,  and  requiring  the 
advance  of  money,  or  in  any  manner  connected  with  the  settlement  of  public  aocoonte, 
shall  be  deposited  promptly  in  the  offices  of  the  auditors  of  the  Treaaary  according 
to  the  nature  of  the  contracts:  Provided,  That  this  section  shall  not  apply  to  the 
existing  laws  in  regard  to  the  contingent  funds  of  Congress  (as  amended  July  31, 
1894). 

Sec.  3744.  It  shall  be  the  duty  of  the  Secretary  of  War,  of  the  Secretary  of  the 
Navy,  and  of  the  Secretary  of  the  Interior  to  cause  and  require  every  contract  made 
by  them  severally  on  behalf  of  the  Government,  or  by  their  officers  under  them 
appomted  to  make  such  contracts,  to  be  reduced  to  writing  and  signed  by  the  con- 
tracting parties,  with  their  names  at  the  end  thereof,  a  copy  of  wiiich  sliall  be  filt^l 
by  the  officer  making  and  signing  the  contract  in  the  returns  office  of  the  Depailment 
of  the  Interior  as  soon  after  the  contract  is  made  as  possible  and  within  thirty-six 
days,  together  with  all  bids,  offers,  and  proposals  to  him  made  by  persons  to  obt^n 
the  same,  and  with  a  copy  of  any  advertisement  he  may  have  published  inviting 
bids,  offers,  or  proposals  for  the  same.  All  the  copies  and  papers  in  relation  to  ea<-h 
contract  shall  be  attached  together  by  a  ribbon  and  seal  and  marked  by  numbers  in 
regular  order,  according  to  the  number  of  papers  composing  the  whole  return. 

Sec.  3745.  It  shall  be  the  further  duty  of  the  officer,  before  making  his  return 
according  to  the  preceding  section,  to  affix  to  the  same  his  affidavit,  in  the  following 
form,  sworn  to  before  some  magistrate  having  authority  to  administer  oaths:  "I  do 
solemnly  swear  (or  affirm)  that  the  copy  of  contract  hereto  annexed  is  an  exact  a>py 
of  a  contract  made  by  me  personally  with ;  that  I  made  the  same  fairly,  with- 
out any  benefit  or  advantage  to  myself,  or  allowing  any  such  benefit  or  advantage 

corniptly  to  the  said  — = ,  or  any  other  person;  and  that  the  papers  accompanying 

include  all  those  relating  to  the  said  contract,  as  required  by  the  statute  in  such  ca»e 
made  and  provided." 

Se(?.  3746.  Every  officer  who  makes  any  contract,  and  fails  or  neglects  to  make 
return  of  the  same,  according  to  the  provisions  of  the  two  precetling  sections,  unless 
from  unavoidable  accident  or  causes  not  within  his  control,  shall  be  deemed  guilty 
of  a  misdemeanor,  and  shall  be  fined,  not  less  than  one  hundred  dollars  nor  more 
than  five  hundred,  and  imprisoned  not  more  than  six  months. 

Sec.  3747.  It  shall  be  the  duty  of  the  Secretary  of  War,  of  the  Secretary  of  the 
Navy,  and  of  the  Secretary  of  the  Interior  to  furnish  every  officer  appointed  by 
them  with  authority  to  make  contracts  on  behalf  of  the  Government  witii  a  printed 
letter  of  instructions,  setting  forth  the  duties  of  such  officer,  under  the  two  preceding 
sections,  and  also  to  furnish  therewith  forms,  printed  in  blank,  of  contracts  to  be 
made,  and  the  affidavit  of  returns  required  to  be  affixed  thereto,  so  that  all  the 
instruments  may  be  as  nearly  uniform  as  possible. 
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PURCHASES  IN  OPEN  MARKET. 

The  most  important  feature  as  regards  the  current  operations  of  the 
reclamation  service  is  that  contained  in  section  3709  (given  on  p.  67), 
to  the  effect  that  when  immediate  delivery  or  performance  is  required 
by  the  public  exigency,  the  articles  or  services  required  may  be  secured 
by  open  purchase  or  contract  at  the  place  and  in  the  manner  in  which 
such  articles  are  usually  bought  and  sold  or  services  engaged  between 
individuals. 

As  a  rule,  at  present  the  operations  of  the  reclamation  service  are 
what  may  properly  be  termed  a  series  of  exigencies,  as  distinguished 
Ijetween  the  ordinary  routine  of  Departmental  pi'actice.  The  law  evi- 
dently contemplates  the  purchase  of  supplies  and  material  for  well- 
ei$tablished  bureaus  which  are  carrying  on  year  after  year  operations 
which  have  been  defined  by  law  or  by  custom  and  are  of  such  character 
that  it  is  possible  to  anticipate  months  in  advance  what  material  may 
be  needed. 

The  work  of  the  reclamation  service  is,  and  must  be  for  several 
J' ears,  largely  devoid  of  routine  features;  the  requirements  are  novel 
and  future  conditions  unknown.  The  work  leading  up  to  tiie  building 
of  large  irrigation  works  is  a  chain  of  events,  one  linked  with  the  other 
in  such  a  way  that  it  must  be  finished  before  the  next  can  be  Jouched. 
It  is  impossible  to  look  far  into  the  future,  and  the  completion  of 
one  detail  reveals  entirely  unanticipated  conditions  in  the  next.  If 
it  were  required  for  each  step  of  the  proceeding  that  the  material 
needed  must  be  obtained  by  advertisement  and  competitive  bidding, 
months  would  be  required  to  perfonn  some  of  the  opei'ations  which, 
under  ordinary  business  pittctice,  can  be  accomplished  in  a  few  days 
or  weeks.  It  is  obvious  that  the  letter  and  spirit  of  the  law  do  not 
compel  any  dilatory  practice. 

Under  the  existing  regulations  and  customs  of  the  Geological  Sur- 
vey, which  govern  also  the  reclamation  service,  necessary  supplies 
and  material  may  be  purchased  in  the  field.  In  the  conduct  of  sun'e3^s 
and  examinations  in  unsettled  regions,  where  exigencies  are  continually 
arising,  such  procedure  is  essential,  but  as  the  work  advances  to  the 
stage  of  construction  and  large  purchases  nuist  be  made,  these  should 
be  fully  and  carefully  guarded. 

A  somewhat  arbitrary  line  must  be  drawn  between  preliminary  sur- 
veys and  examinations  and  work  that  partakes  of  the  nature  of  con- 
struction. In  all  expenditures  for  such  surveys  and  examinations,  the 
general  authority  granted  in  advance  and  the  approval  of  plans  conveys 
authority  for  making  purchase  of  animals,  tents,  instruments,  cooking 
utensils,  and  other  material  which  can  not  be  obtained  upon  requisition. 

As  soon  as  the  examinations  have  proceeded  to  a  point  where  recom- 
mendations can  be  made  for  preliminary  or  final  construction,  the 
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results  arc  presented  to  the  Secretary  of  the  Interior  with  recom- 
mendations. His  approval  contains  or  carries  with  it  specific  or  gen- 
eral authority  for  making  such  other  purchases  as  may  be  necessat}', 
the  articles  to  be  obtained  either  by  advertisement  or  purchased  in 
open  market,  according  to  the  nature  of  the  material  and  the  exigen- 
cies existing. 

The  district  or  local  engineer,  in  making  his  plans  for  field  work  or 
for  construction,  should  anticipate  as  far  as  possible  not  only  the  num- 
ber of  men  that  it  may  be  necessary  to  procure  through  eivil-«ervic*» 
rules,  })ut  also  the  character  and  amount  of  purchases  to  be  made. 
The  plans  comprising  these  and  all  other  items  should  be  prepared.and 
su])mitted  so  far  in  advance  of  the  need  that  they  can  be  approved  in 
ample  time  to  enable  advertisement  to  be  made  for  material,  which 
should  l)e  procured  through  competitive  bids;  or  authority  should  Im* 
had  covering  the  purchases  that  must  be  made  in  open  market. 

Even  with  the  exercise  of  all  reasonable  foresight  contingencies 
will  arise  where  articles  must  be  had  without  waiting  to  obtain  author- 
ity, and  it  is  expected  that  these  articles  will  be  purchased  in  open 
market  and  that  the  exigency  will  be  plainly  stated. 

Responsible  officers  in  the  field  must  bear  in  mind  the  conditions 
existing  and  must  guard  on  the  one  hand  against  the  appearance  of 
reckless  or  thoughtless  expenditure  and  o/i  the  other  against  delays 
consequent  upon  requests  made  for  authority  in  minor  or  unimportant 
mjitters.  Work  should  l)e  pushed  forward  rapidly  and  economicallj'  and 
at  the  same  time  every  effort  should  be  made  to  comply  with  the  letter 
and  spirit  of  the  law  regarding  purchases  made  by  the  Government. 

Purchases  ma}^  be  made  in  open  market  without  advertising  at  the 
places  where  such  articles  as  may  be  wanted  are  usually  lK)ught  and 
sold,  and  in  the  mode  in  which  such  purchases  are  ordinarih'  made. 
All  purchases  of  subsistence  supplies  must  be  limited  to  articles  com- 
prising the  established  survey  ration. 

In  unusual  open-market  purchases  I)}'  an  agent  of  the  reclamation 
service  involving  any  considerable  expenditure  of  money,  informal 
proposals  should  be  invit(  d  from  the  principal  dealers  in  the  articles* 
needed  who  may  be  within  his  reach.  All  such  proposals  must  be  for- 
warded to  the  chief  engineer  as  evidence  that  the  prices  paid  were  the 
lowest  and  the  terms  and  conditions  the  most  favorable  that  could  be 
o])tained. 

Specific  ftuthorit}'  from  tlie  chief  engineer  must  be  obtained  for  pur- 
chases of  an  uiuisual  chai*acter  before  purchase  is  made,  except  in 
cases  of  special  exigency,  when  the  absolute  necessities  of  the  service 
will  not  permit  the  delay  incident  to  obblining  such  authority.  In 
su(*h  cases  purchases  may  be  made  before  authority  is  obtained,  but 
only  to  the  extent  of  relieving  the  immediate  necessity. 
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District  engineers  are  not  the  sole  judges  of  the  exigency  spoken  of 
in  the  preceding  section;  a  full  report  of  the  facts  attending  purchases 
made  without  authority,  accompanied  by  an  itemized  list  showing 
articles  purchased  and  prices  paid,  must  be  immediately  submitted  for 
the  consideration  of  the  chief  engineer.  With  proper  care  and  fore- 
sight such  exigencies  will  seldom  arise.  Engineers  making  such  pur- 
chases without  previous  authority  do  so  at  their  own  risk.  If  such 
purchases  do  not  meet  with  approval  the  person  making  them  will  l)e 
compelled  to  pay  for  the  articles  out  of  his  own  private  funds. 

In  submitting  requests  for  authority  to  purchase,  engineers  must 
state  explicitly  whether  or  not  the  prices  quoted  include  the  cost  of 
transporting  the  articles  required  to  the  place  where  they  are  required. 
If  not,  the  estimated  cost  of  such  transportation  must  be  stated. 

Requests  for  authority  to  make  purchases  or  for  other  purposes 
should,  in  all  possible  cases,  be  made  by  letter  and  not  by  telegram. 

Engineers  and  bonded  oflBcers  are  reminded  that  the  law  does  not 
regard  open- market  purchases  with  favor,  but  permits  such  purchases 
to  be  made  only  because  of  conditions  and  emergencies  which  inevi- 
tablv  arise  in  the  service  and  which  can  not  be  foreseen. 

A  requisition  for  authority  to  make  purchases  in  open  market  should, 
regardless  of  the  aggregate  cost,  cover  all  the  actual  requirements  of 
the  service  for  the  ensuing  season  or  year  as  far  as  it  may  be  practi- 
cable for  intelligent  business  foresight  to  anticipate  them. 

RULES  GOVERNING  CONTRACTS. 

The  following  rules,  somewhat  modified  from  those  in  use  b}'  other 
bureaus  of  the  Department  of  the  Interior,  are  presented  for  the 
information  and  guidance  of  the  officers  of  the  reclamation  service. 
After  full  consideration  and  test  of  their  applicability  they  will  be 
presented  to  the  Secretary  for  his  final  approval. 

1.  All  contracts  for  supplies  or  services  shall  be  made  only  after 
due  public  advertising  for  proposals,  except  in  the  case  of: 

{a)  Personal  services. 

(i)  Supplies  not  exceeding  $1,000  in  value  at  any  one  time. 

(r)  Goods  and  supplies  to  be  purchased  in  open  market. 

(ff)  Funds  allotted  for  construction  of  ditches  and  other  works  for 
irri<^ating,  which  may  be  expended  in  open  market,  under  general 
authority  from  the  Se<Tetary  of  the  Interior. 

{d)  Purchases  from  Indians. 

(y*)  Exigency,  when,  in  the  discretion  of  the  Secretary  of  the 
Interior,  he  ma}'  direct  that  purchases  may  be  made  in  open  market. 

2.  Advertisements  for  bids  or  proposals  for  construction  or  supplies 
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shall  be  published  either  in  one  or  more  papers  of  the  largest  circula- 
tion in  the  localities  most  favorable  for  securing  the  services  or  pur- 
chasing the  articles  required,  or  such  advertisement  may  be  by  sending 
out  (circular  letters  and  by  a  public  posting  of  such  circular  letter  in 
the  same  localities.  Authority  for  advertising  in  either  form  must  be 
obtained  through  the  chief  engineer. 

3.  Information  in  detail  in  regard  to  supplies  or  construction  for 
which  proposals  have  been  invited  should  be  furnished  to  all  persons 
desiring  it  who  may  make  application  to  the  source  designated  in  the 
advertisement. 

4.  Proposals  should  be  made  in  strict  accordance  with  the  terms  of 
the  advertisement  or  circular  of  instructions. 

5.  Proposals  for  supplies  should  be  so  framed  that  each  article  or 
item  may  be  considered  separately. 

6.  Specifications  need  not  be  incorporated  in  the  body  of  the  pro- 
posal; their  attachment  to  the  proposal  and  the  declaration  that  they 
form  a  part  of  it  will  be  sufficient. 

7.  Each  bid  must  contain  the  names  of  all  parties  to  it  or  that  may 
be  interested  in  it,  and  must  be  signed  by  the  bidder  submitting  the 
same  with  his  usual  signature  in  full 

8.  Bidders  must  designate  their  places  of  business  and  post-office 
addresses. 

9.  A  copy  of  the  advertisement  inviting  the  proposal  must  be 
attached  to  each  bid. 

10.  Proposals  must  be  inclosed  in  envelopes,  sealed  and  indorsed, 
and  addressed  as  required  by  the  advertisement,  and  must  be  received 
by  the  officer  to  whom  they  are  addressed  before  the  time  appointed 
for  the  opening. 

11.  All  proposals  received  prior  to  the  advertised  time  of  opening 
must  be  securely  kept  by  the  officer  to  whom  addressed,  and  must  not 
be  opened  nor  read  until  the  time  appointed. 

12.  Bids  shall  be  opened  and  read  aloud  at  the  time  and  place  desig- 
nated, in  the  presence  of  bidders  and  others  who  may  wish  to  attend, 
and  the  contracts  shall  be  awarded  to  the  lowest  responsible  bidder  if 
such  award  shall  appear  to  be  for  the  best  interests  of  the  service;  but 
no  work  shall  be  performed  in  pursuance  of  such  award,  nor  shall  any 
supplies  be  received  under  it,  until  after  the  contract  shall  have  been 
approved  by  the  chief  engineer  and  then  by  the  Secretary  of  the 
Interior. 

13.  The  contracting  officer  is  at  liberty  to  reject  a  bid  from  any 
person  who  has  in  any  respect  defaulted  in  any  previous  bid  or  contract. 

14.  Any  or  all  bids,  or  any  part  of  any  bid,  may  be  rejected  if  such 
rejection  is  deemed  best  for  the  interests  of  the  Government. 

16.  Where  samples  accompany  the  bids,  and  because  of  the  superi- 
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ority  of  the  samples,  or  for  other  good  cause,  the  contract  is  awarded 
to  a  bidder  not  the  lowest,  the  reason  for  such  award  must  be  fully 
and  clearly  stated. 

16.  Whenever  bids  for  air^r  article  contain  conditions  detrimental  to 
the  Government,  they  may,T)e  rejected,  and  the  articles  specified  in 
such  bids  may  be  purchased  in  open  market,  at  prices  not  to  exceed 
those  of  the  lowest  bidder  and  not  to  exceed  the  market  price  of  the 
articles,  until  such  time  as  satisfactory  bids  can  be  obtained,  for  which 
immediate  advertisement  shall  be  made.  Authority  for  such  open- 
market  purchase  should  be  asked  for,  if  desired,  when  all  the  bids  are 
recommended  for  rejection. 

17.  Bids  for  goods  to  be  furnished  or  work  to  be  performed  must 
be  accompanied  by  a  certified  check  or  draft  for  6  per  cent  of  the 
amount  of  the  bid,  payable  to  the  order  of  the  Secretary  of  the  Interior. 

18.  In  case  a  bidder  to  whom  a  contract  is  awarded  fails  to  execute 
a  written  contract,  the  amount  deposited  by  him  shall  be  forfeited  and 
paid  into  the  Treasury  of  the  United  States. 

19.  After  a  contract  is  duly  executed  the  amount  deposited  by  the 
bidder  will  be  returned  to  him. 

20.  Bidders  for  goods  and  supplies  will  be  required  to  furnish  sam- 
ples of  the  articles  bid  for  in  all  cases,  except  such  as  lumber,  building 
material,  machines,  engines,  and  like  bulky  articles,  in  which  case  the 
kind,  size,  capacity,  and  quality  proposed  to  be  furnished  must  be  f  ullj'^ 
stated,  the  Department  reserving  the  right  to  call  for  samples  if  that 
course  shall  be  deemed  to  be  for  the  best  interests  of  the  service. 

21.  When  samples  are  required,  they  should  be  delivered  at  the 
place  and  before  the  time  of  opening  bids,  so  marked  that  they  may 
be  identified  at  any  time. 

22.  Samples  must  not  be  opened  until  after  all  bids  have  been  pub- 
licly read. 

23.  As  soon  as  practicable  after  the  reading  of  the  bids  the  samples 
oflfered  should  be  examined  and  passed  upon  either  l)y  the  contracting 
oflBcer  himself  or  by  some  competent,  disinterested  person  or  persons 
to  be  selected  by  him. 

24.  In  making  awards  under  bids  or  proposals  for  furnishing  goods 
and  supplies  the  right  will  be  reserved  to  increase  or  diminish  to  any 
extent  the  quantity  of  any  of  the  articles  specified  in  any  bid,  and  the 
further  right  to  increase  or  decrease  the  quantities  specified  in  any 
contract  to  an  extent  to  be  specified  in  the  contract.  Parties  desiring 
to  limit  the  quantity  of  any  article  or  material  offered  must  state  in 
their  bids  the  quantity  proposed  to  be  furnished,  which  should  be 
followed  by  the  word  "only,"  and  the  right  will  be  reserved  to  accept 
any  part  thereof,  not  exceeding  the  amount  designated. 

25.  As  soon  as  practicable  after  proposals  shall  have  been  opened 


74  FIRST    RECLAMATION   SERVICE    CONFERENCE.  [noaa 

and  read  an  abstract  of  them  shall  be  made,  upon  which  shall  \te 
entered  every  proposal  received,  the  entry  to  compriije  the  namess  of 
the  bidders,  the  items  covered  by  the  bids,  and  the  prices  at  which  it 
is  proposed  to  supply  the  material  or  labor  specified.  The  accepted 
bid,  with  the  quantity  and  price  of  the  materials  or  labor  to  be  fur- 
nished thereunder,  shall  also  be  noted  on  the  abstract. 

26.  An  abstract  of  the  proposals  must  accompany  the  draft  of  the 
contract,  and  this  should  Ije  sent  to  the  chief  engineer  with  all  other 
papers  including  the  envelopes  in  which  the  bids  were  received,  prop- 
erly marked  for  identification. 

27.  When  bids  are  opened,  and  it  is  contemplated  to  enter  into 
formal  written  contract,  with  bonds,  the  abstracts  of  the  bids,  except 
in  cases  of  emergency  contracts,  will  be  forwarded  to  the  office  of  the 
chief  engineer  with  recommendation  for  action  in  regard  to  accepting 
or  rejecting  the  bid  or  bids  received,  and  no  such  bid  should  be 
accepted  or  rejected  by  the  officer  in  charge  of  work  in  ad^^nce  of 
approval  by  the  chief  engineer. 

28.  In  case  a  contiuct  is  made  by  an  agent  or  officer  of  the  reclama- 
tion service  the  abstract  of  proposals  must  be  duly  certified  to  by  such 
agent  and  forwarded  to  the  office  of  the  chief  engineer,  with  the  orig- 
inal of  the  contract  and  all  the  papers  relating  to  the  bids. 

29.  All  contracts  made  b}-  officers  of  the  reclamation  service  or 
agents  in  charge  of  works,  as  well  as  all  papers  connected  with  con- 
tracts, will  be  prepared  in  accordance  with  the  printed  forms  pre- 
scribed by  the  Secretary  of  the  Interior;  and  these  forms  and  other 
printed  forms  to  be  used  will  be  furnished  from  the  office  of  the  chief 
engineer  when  required. 

ADVERTISING. 

When  it  is  intended  to  have  any  work  performed,  or  purchase  made, 
by  contract,  the  specifications,  except  in  case  of  an  exigency  contract, 
must  be  previously  submitted,  through  the  chief  engineer,  to  the  Sec- 
retary of  the  Interior  for  his  approval. 

In  advertising  for  proposals  for  contnict  work  to  be  done  under  the 
direction  of  the  chief  engineer,  officers  and  agents  of  the  reclamation 
service  will  state  in  the  specifications  what  proportion  of  the  total 
consideration  of  the  contract  will  determine  the  amount  of  the  bond 
to  be  required  of  the  contractor.  The  Department  usually  requires  a 
bond  of  50  per  cent  of  the  contmct  price. 

The  law  governing  advertising  is  specific,  and  should  be  carefully 
observed.  The  following  paragi*aphs  give  the  principjil  features  of 
the  law  and  the  current  practice*,  of  the  Department: 

No  advertisement,  notice,  or  projxisal  for  any  Kxeciitive  Department  of  the  Gov- 
ernment, or  for  any  Bureau  thereof,  or  for  any  office  therewith  connected,  shall  be 
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pablished  in  any  newspaper  whatever,  except  in  pursuance  of  a  written  authority 
for  such  publication  from  the  head  of  such  Department;  and  no  bill  for  any  such 
advertising,  or  publication,  shall  be  paid,  imless  there  be  presented  with  such  bill 
a  copy  of  such  written  authority.     (Section  3828,  Revisetl  Statutes,  United  States. ) 

That  hereafter  all  advertisements,  notices,  proposals  for  contracts,  and  all  forms  of 
advertising  required  by  law  for  the  several  Departments  of  the  (lovernment,  may  be 
paid  for  at  a  price  not  to  exceed  the  commercial  rate  charged  to  private  individuals, 
with  the  usual  discounts;  such  rates  to  he  ascertained  from  the  sworn  statements  to 
be  faraished  by  the  proprietors  or  publishers  of  the  newspaiiers  proposing  so  to 
advertise.     ( Act  June  20,  1 878. ) 

Blanks  upon  which  to  render  the  sworn  .statements  required  b}'  the 
above  law  are  furnished  by  the  Departments  upon  application. 

Newspapere  publishing  advertisements  pertaining  to  the  Executive 
Departments  are  required  to  forward  to  the  Department  from  which 
the  advertisements  emanate  a  sworn  statement  of  the  commercial  rates 
charged  by  them  to  private  individuals,  with  their  usual  discounts. 
Changes  in  advertising  i*ates  take  elQfect  from  the  date  upon  which  the 
sworn  statement  thereof  is  received  at  the  Depailment,  unless  a  sub- 
sequent date  is  fixed  therein  by  the  publishers.  These  statements 
will  give  the  size  of  type  used  in  the  advertisements  and  the  line  rate 
for  the  first  and  subsequent  insertions. 

The  Departments  insist  upon  the  lh)e  ratefi^  as  they  furnish  fewer 
opportunities  for  mistakes  and  misunderstandings  in  the  settlement  of 
bills  than  do  rates  based  upon  the  square,  inch,  or  folio.  If  the  com- 
mercial rates  of  a  paper  are  by  the  square,  inch,  or  folio,  the  Govem- 
ment  line  rate  should  be  relatively  the  same,  or  less,  because,  under 
the  law,  rates  in  excess  of  the  commercial  rates  charged  to  private 
individuals  can  not  be  allowed  by  the  Government. 

The  sworn  statement  of  i-ates  must  be  accompanied  by  a  copy  of  the 
printed  card  rates  charged  to  private  individuals. 

"Special,"  "local,"  or  "reading"  rates  can  not  be  allowed,  and  in 
auditing  bills  no  allowance  will  be  made  for  displayed  or  haded  adver- 
tisements ov  prominent  headings.  The  matter  must  bo  set  up  solid.^ 
without  paragraphing,  and  should  be  in  the  type  specified  in  tlie  svyam 
siateTfient  of  rates  on  file  in  the  Departments.  If  other  type  be  used, 
no  allowance  will  be  made  for  additional  space  on  that  account.  The 
number  of  solid  lines  only  in  advertisements,  by  actual  count,  will  be 
allowed.  All  abbreviations  in  copy  must  be  strictly  followed.  The 
particular  column  or  page  of  the  paper  in  which  advertisements 
appear  is  left  entirely  to  the  option  of  the  publisher. 

The  filing  of  a  statement  of  rates  in  one  Executive  Department  can 
not  be  construed  as  a  notice  to  another  Department  that  mtes  have 
I>een  filed.  Such  statement  must  be  furnished  to  eac»h  Department 
advertising. 
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The  following  is  a  sample  of  advertisement  set  up  in  aocordance 
with  the  Government  requirements: 

DEPARTMENT  OF  THE  INTERIOR, 
United  States  Geological  Survey,  Wash- 
ington, D.  C,  October  9,  1903.  Sealed  pro- 
posals, in  daplicate,  will  be  received  until  2 
o'clock  p.  m.,  Tuesdav,  November  3, 1903,  at 
the  office  of  the  Reclamation  Service,  Den- 
ver, Colorado,  and  will  then  be  opened  in  the 
presence  of  such  bidders  as  may  attend,  for 
the  construction  and  equipment  of  a  metallic- 
circuit  telephone  line  from  the  Arizona  dam 
on  Salt  River  to  a  point  on  that  stream  near 
Livingston,  Arizona,  via  Mormon  Flat  and 
Fish  Creek,  a  distance  of  about  56  miles. 
Specifications  and  particulars  may  be  ob- 
tained on  application  to  H.  A.  Storrs,  Cham- 
ber of  Commerce,  Denver,  Colorado,  or 
Arthur  P.  Davis,  Phoenix,  Arizona,  at  whose 
offices  the  plans  may  be  inspected.  Each 
bid  must  be  accompanied  by  a  certified  check 
payable  to  the  order  of  the  Secretary  of  the 
Interior  for  6  per  cent  of  the  aggr^ate 
amount  thereof  as  a  guaranty  that  thebidder 
will,  if  successful,  promptly  execute  a  satis- 
factory contract  and  fumisli  bond  in  the  sum 
of  50  per  cent  of  the  contract  price  for  toe 
foithful  performance  of  the  work.  The  ri^^ht 
is  reserved  to  reject  any  and  all  bids,  to  waive 
technical  defects,  and  to  accept  any  part  of 
any  bid  and  reject  the  other  part,  if  the 
interests  of  the  Government  require  it.  Pro- 
posals should  be  addressed  to  H.  A.  Storrs, 
Chamber  of  Commerce,  Denver,  Colorado. 

H.  C.  RizBR,  Acting  Director. 

An  advertisement  must  appear  in  the  language  of  the  paper  in  which 
it  is  inserted,  i.  e.,  if  inserted  in  a  German  paper,  it  must  be  in 
Gennan. 

In  no  case  must  an  advertisement  extend  beyond  the  morning  of  the 
date  therein  named  for  the  opening  of  the  bids,  sale  of  material,  pub- 
lic hearings,  etc. ;  and  unless  the  authority  given  should  specifically 
include  insertion  in  the  Sunday  edition,  publication  in  that  edition 
must  not  be  made. 

Changes  in  rates  or  ownership  of  newspapers  should  promptly  be 
reported  to  the  Departments. 

Ail  accounts  for  official  advertising  pertaining  to  the  Executive 
Departments  must  be  audited  in  strict  conformity  to  the  foregoing 
provisions,  and  all  amounts  charged  in  excess  of  those  allowable  under 
those  provisions  will  be  disallowed. 

Every  voucher  for  official  advertising  must  be  rendered  upon  the 
Government  official  form,  and  be  accompanied  by  the  letter  of  authority 
to  publish  and  a  copy  of  each  issue  of  the  paper  in  which  the  adver- 
tisement appeared. 

The  permanency  of  the  records  of  the  Executive  Departments  of 
the  Government  being  of  the  first  importance,  no  deleble  or  fugitive 
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inks,  pencils,  or  stamps  are  permitted  to  be  used  in  making  them  up. 
Therefore  all  vmtchers  for  adx^erti^ing  viust  he  made  out  and  receipted 
if7itA  durable  ink. 

The  letter  of  application  for  authority  to  advertise  for  proposals 
should  l>e  forwarded  through  the  office  of  the  chief  engineer;  and  with 
it  should  be  transmitted  a  copy  of  the  proposed  specifications  with  the 
proposed  form  of  advertisement  prefixed. 

The  notices  to  the  newspapers  are  signed  by  the  Secretary  and  sent 
out  by  the  Department  in  the  following  form: 

To  the  Publisher  of  '*The 


Sir:  You  are  hereby  authorized  to  publish  the  inclo8e<l  advertisement  for  pro- 
posals for 

to  be  set  solid  without  any  display  in  the  heading,  in  the edition 

of  your  paper, times, 

provided  your  chaiiges  for  the  same  do  not  exceed  the  sworn  rates  on  file  or  to  be 
file<l  in  this  Dei)artment,  and  such  rates  are  not  in  excess  of  the  commercial  rates 
charged  to  private  individuals^  with  the  usual  discounts. 

You  will  please  send  one  copy  of  each  issue  of  the  paper  containing  the  advertise- 
ment to ,  in  one  package,  with  the  title  of  the  advertisement 

marked  on  the  outside.     This  letter  must  acirompany  your  bill  when  presented  for 
payment;  the  latter  to  be  rendered  upon  the  voucher  inclosed  herewith,  and  be 
receipted  in  duplicate  by  the  person  authorized  to  receipt  for  the  money. 
Respectfully, 


Secretary. 

All  matters  connected  with  payments  for  advertisements  should  be 
left  to  the  Department  for  attention.  It  is  sufficient  to  furnish  the 
Department  in  advance  with  the  names  of  newspapers  in  which  the 
advertisement  is  to  be  inserted  and  the  principal  facts  to  be  stated  in 
the  advertisement,  such  as  the  time  and  place  of  opening  bids,  the 
name  of  the  person  to  whom  application  should  be  made  for  necessary 
blanks,  as  well  as  all  other  items  that  may  be  essential  to  the  full 
understanding  of  the  matter. 

If  delay  will  be  involved  by  correspondence,  a  suitable  telegi*am 
can  be  sent,  preferably  at  night  rates,  reciting  these  facts.  The  tele- 
gram should  be  addressed  in  the  usual  form,  *'  Hydrographer,  Geolog- 
ical Survey,  Washington,  D.  C,"  and  will  receive  immediate  attention. 

Advertisements  for  other  purposes,  as  for  the  recovery  of  lost  prop- 
erty or  strayed  animals,  should  be  made  in  the  same  manner,  a  request 
being  sent  by  wire,  if  necessary,  for  the  insertion  of  advertisements 
in  specified  newspapers  and  for  a  given  length  of  time. 

Section  3709  of  the  Revised  Statutes  requires  that  advertisements 
should  be  made  for  proposals,  but  the  term  '* advertising"  or  "adver- 
tisement" is  not  defined  in  the  statutes.     Question  has  arisen  as  to 
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the  nature  of  the  advertising  necessary,  and  it  had  been  determined 
that  in  general  this  should  be  by  proper  notice  inserted  in  newspapers, 
as  described  in  preceding  pages,  but  that  in  exceptional  cases  circulans 
will  suffice  as  compliance  with  the  law.  On  this  point  the  follonp^ing 
decisions  have  been  rendered  b}'  the  Comptroller  of  the  Treasury 
(3Comp.,  175): 

The  question  an  to  what  is  sufficient  atlvertising,  it  appears  to  me,  depends  prima- 
rily upon  the  character  of  the  purchase  to  be  made  or  the  servic;e  to  l>e  performed, 
the  purpose  of  the  statute  requiring  advertisement  bemg  evident.  Section  3700  waa 
enacted  for  the  purpose  of  giving  publicity  and  a  consequent  opportunity  for  free 
competition  in  making  contracts  for  supplies  for  the  Government. 

"The  law  requiring  advertisements  an<l  proposals  for  public  contracts  obviously  was 
intended  hy  Congress  to  invite  competition  among  bidders  and  to  prevent  favoritinn 
and  fraudulent  combinations  in  awarding  contracts."  (Harvey  v.  Unite<l  States,  8  C\ 
Cls.  K,  501;  2  Opin.  A.  G.,  259;  15  Opin.  A.  G.,  538.) 

Accordingly  such  steps  must  be  taken  as  will  bring  t^)  the  individuals  or  corpora- 
tions engaged  in  a  particular  kind  of  business,  and  to  (he  public  generally,  knowled^ 
of  the  intended  purchase,  and  in  such  a  manner  as  is  designed  to  attract  general 
attention.  This  need  not  necessarily  }>e  by  advertisement  in  the  newejiapers, 
although  the  term  "advertisement"  has  come  ordinarily  and  in  common  parlance 
to  refer  to  that  form  of  advertisement.  Bouvier  defines  advertisement  as  "a  notice 
published  either  in  handbills  or  in  a  newspa[)er"  (edition  of  1848);  while  the  defini- 
tion in  Black's  Law  Dictionarv  is — 

''Notice  given  in  a  manner  designed  Uy  attract  public  attention;  information  com- 
municated  to  the  public,  or  to  an  individual  concerned,  by  means  of  handbills  or  the 
newspaper." 

After  an  exhaustive  search  of  the  authorities,  I  am  unable  to  find  in  any  case  a 
judicial  definition  of  this  word,  but  those  alx>ve  given  seem  to  have  been  uniformly 
accepted. 

After  referring  to  Hcveral  cases  where  the  word  has  been  used  hy  a 
court  or  Departmentas  including  posters  and  circulars,  the  Comptroller 
adds: 

I  therefore  conclude  that  in  txjniiet'tiou  with  the  contrairt  in  question  the  advertise- 
ment iK^d  not  necessarily  Im  by  publication  in  the  newspai)ers,  but  that  circulars 
sent  to  the  various  people  engage<l  in  laundering  in  the  various  cities  where  snch 
work  is  to  l>e  ix?rfornuMl  for  the  Marine  Corps,  together  with  a  jiublic  iM>Hting  of  hand- 
bills at  eatli  of  these  place*?,  announcing  the  intention  of  the  IX^partnicnt  to  enter 
into  such  contracts,  would  nn^et  the  n><]uirements  of  section  3709. 

The  principle  abov^  announced  was  rcaflirmed  in  8  Com  p.,  470. 

In  15  A.  G.,  226,  the  Attorne^^-CJeneral  held  that  the  limitation  fixeil 
in  an  advertisement  made  by  the  Post-Office  Department  for  proposals 
for  furnishing  postage  stamps,  restricting  the  proposals  to  ''  steel-plate 
engravers  and  plate  printers,"  was  compliant  with  section  3709,  the 
Attorney-General  saying  (227): 

In  my  opinion  such  limitation  was  projHir,  if  it  was  intende<l  to  confine  an  answer 
to  the  proposals  to  such  i)ersons  only  as  could  satisfactorily  furnish  the  article  of 
supply  needed.     Tfie  manner  of  advcrtmng  is  left  hy  the  law  to  the  discretion  of  the  Depart- 
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metd  advertising.  No  jxirtirtUar  form  is  retpiired.  *  *  *  If ,  knowing  the  articles 
needeil,  and  knowing  that  they  can  ]ye  HuppliiHl  only  by  particular  classes  of  j)eople, 
he  sees  fit  to  limit  his  ativertiPtMnent  to  them  he  may  jiroperly  do  so. 

To  the  Hamc  effect  Ls  1  Conip.,  3()3. 

In  15  Comp.  (MS.),  1535,  it  was  held  that  where  articles  of  furniture 
in  ordinary  use  are  required,  the  selection  of  particular  patterns,  which 
can  be  supplied  by  only  one  manufacturer,,  does  not  authorize  their 
purchase  without  advertising  for  proposals. 

On  the  other  hand,  in  2  Comp.,  G32,  it  was  held  that  section  3709 
does  not  require  advertising  for  proposals  for  the  purchase  of  patented 
or  copyrighted  articles  where  the  benefit  of  competition  can  not  be 
secured. 

In  Schneider  i\  United  States  (11)  C.  Cls.  li.,  547)  it  was  held  that 
where  the  advertisement  called  for  sandstone  for  a  public  building, 
an  alteration  in  the  contract,  substituting  marble  at  a  price  different 
from  that  named  in  the  first  contract  (the  material  })eing  the  sole 
subject-matter  of  either  agreement),  was  not  a  mere  modification  of 
the  first,  but  required  a  new  advertisement.  So  it  was  held  in  20  A.  G., 
496,  that  a  bid  prescribing  a  time  for  completion  some  months  later 
than  that  prescribed  by  the  advertisement  could  not  l)c  accepted  with- 
out new  advertisement,  as  such  acceptance  would  violate  section  3709 
and  the  river  and  harbor  act  of  1888.  In  13  A.  G.,  174,  it  was  held 
that  the  Postmaster-General  had  no  power  to  renew  or  extend  the  term 
of  a  contract  for  printing  envelopes  without  readvertising,  as  such 
extension  would  be  a  new  contract.  But  a  reasonable  provision  may 
be  inserted  in  a  contract  whereby  it  may  be  modified  from  time  to  time 
by  agreement  of  the  parties,  as  the  public  interests  may  require,  and 
the  subsequent  modification  in  accordance  with  such  provision  is  not 
of  the  nature  of  a  new  contract,  such  as  must  be  preceded  by  a  new 
advertisement  under  section  3709  (21  A.  G.,207). 

From  the  foregoing  it  would  appear — 

(1)  That  the  selection  of  a  particular  pattern  of  a  common  article 
does  not  dispense  with  the  necessity  of  advertising,  even  if  that  pat- 
tern is  manufactured  by  only  one  person  or  company;  though  the  rule 
is  otherwise  where  a  patented  or  copyrighted  article  made  by  only  one 
manufacturer  is  required. 

(2)  Where  advertisement  is  necessary,  it  may  be  either  by  publica- 
tion in  a  newspaper  or  by  circulars  and  posters.  Whether  circulars 
alone  would  suffice  does  not  appear  to  have  been  decided;  doubtless  it 
would  in  some  cases. 

(3)  No  particular  form  of  advertisement  is  necessary. 

(4)  The  advertisement  may  limit  proposals  to  the  particular  class 
of  persons  qualified  to  supply  the  articles  in  each  case. 
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(5)  The  advertisement  may  reserve  the  right  to  reject  any  and  all 
bids  and  this  right  may  be  taken  (14  A.  G.,  682). 

(6)  The  advertisement  must  describe  the  subject-matter  of  the  pro- 
posed contract  with  a  reasonable  degree  of  accuracy  and  certainty. 
Thus  if  the  advertisement  is  for  delivery  of  material  only,  a  dif- 
ferent material  can  not  be  substituted  in  the  contract,  nor  can  a  con- 
tract for  material  and  services  be  substituted  (16  A.  G.,253).  The 
time  for  completion  stated  in  the  advertisement  can  not  be  extended 
by  the  contract,  though  extension  may  be  made  by  agreement  after  part 
performance;  nor  can  a  new  contract  for  similar  supplies  be  made 
after  performance  of  the  first  one  without  a  new  advertisement. 

(7)  It  is,  however,  entirely  proper  that  the  contract  provide  for 
such  modifications  as  may  become  necessary  from  time  to  time  in  the 
interest  of  the  public  service. 

SPECIFICATIONS  AND  PROPOSALS. 

In  all  cases  where  advertisements  are  to  be  issued  inviting  proposals 
for  material  or  labor,  for  works  of  repair  or  construction,  or  other 
like  works  of  the  reclamation  service,  it  is  required  that  full  and 
detailed  specifications  be  prepared  and  printed  in  time  to  supply  all 
parties  desiring  to  bid  under  the  advertisement. 

The  specifications  should  be  comprehensive,  clear,  and  sufiicieutly 
detailed  to  enable  bidders  to  understand  fully  what  is  required;  and  as 
it  is  designed  that  these  specifications,  together  with  the  advertise- 
ment, be  attached  to  and  form  a  part  of  the  contract,  it  is  important 
that  great  care  be  observed  in  their  preparation  in  order  that  all  ques- 
tions that  may  arise  during  the  execution  of  the  contract  ina3'  be 
settled  and  determined  by  reference  to  the  instrument  itself.  A  copy 
of  the  advertisement  should  be  printed  with  and  form  a  prefix  to  the 
speciifications. 

A  general  form  of  specifications  available  for  most  cases  has  been 
prepared.  It  may  be  necessary  for  some  classes  of  work  to  make 
changes  or  additions,  but  in  nearly  all  cases  this  form  can  be  used 
as  the  first  part  of  the  specifications,  covering  the  general  conditions 
of  building  and  the  relations  between  the  contractor  and  the  Govern- 
ment. The  particular  requirements  of  the  work  form  the  subject  of 
additional  paragraphs.  In  all  cases  where  drawings  are  to  accom- 
pany the  specifications  it  will  be  necessary  to  reproduce  a  large  number 
of  them,  for  at  least  five  copies  of  each  contract,  with  copies  of  the 
accompanying  specifications,  will  be  required,  and  other  copies  will 
be  needed  for  filing,  reference,  and  other  purposes.  The  photographic 
laboratory  of  the  Survey  can  make  these  reproductions  rapidly  and  at 
small  expense  from  tracings  or  black  and  white  drawings.  As  soon  as 
the  tracings  or  drawings  which  are  to  form  part  of  the  specifications 
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have  been  prepared  in  final  shape,  they  should  be  forwarded  t<o  the 
chief  engineer  for  duplication.  The  specifications  should  contain  a  list 
of  drawings,  each  described  by  number  and  title. 

CONTRACTS  AND  BONDS. 

All  contiuets  to  be  executed  under  th^  reclamation  law  must  be 
niude  in  the  name  of  the  Secretary  of  the  Interior  upon  the  general 
form  used  by  the  reclamation  service.  The  contracts  should  be  accom- 
panied by  bond  of  conventional  form.  The  form  of  the  contract  and 
bond  are  shown  on  pages  110-114. 

It  is  customary  to  execute  5  copies  of  the  contract.  Only  one  copy 
of  the  bond  need  be  executed.  A  copy  of  the  contract  is  ultimately 
sent  to  each  of  the  following  places: 

{a)  To  the  Treasury  Department. 

(h)  To  the  Department  of  the  Interior  for  the  files  of  the  returns 
clerk. 

((•)  To  the  contractor. 

((I)  To  the  engineer  in  the  field. 

(r)  To  the  chief  engineer  of  the  reclamation  service,  in  the  office  of 
the  United  States  Geological  Survey. 

The  Treasury  Department  retains  its  copy  of  the  contract  in  order 
that  payments  can  be  indorsed  upon  it  and  a  record  thus  kept  of  these 
until  the  contract  is  completed. 

The  returns  clerk  of  the  Department  of  the  Interior  keeps  a  complete 
tile  of  all  contracts  made  by  the  Government,  as  required  by  law.  In 
this  office  are  to  be  filed  not  only  the  contract  when  executed,  but  all 
of  the  papers  relating  to  the  contract,  including  the  rejected  bids  and 
copies  of  all  correspondence  explaining  the  award  to  the  successful 
bidder.  Care  must  be  taken  to  preserve  all  rejected  bids  and  file 
them  with  the  accepted  contract. 

The  contractor,  of  course,  requires  a  copy  of  the  contract,  and  the 
engineer  in  the  field  should  have  one.  The  chief  engineer,  being  the 
certifying  officer,  should  also  have  a  copy  for  reference  in  his  office. 
Thus  it  is  desirable  to  have  five  complete  copies. 

In  making  the  returns  to  the  Department  care  must  be  taken  that 
all  of  the  lepers  are  carefully  kept  together  and  so  marked  as  to  be 
understood.  The  extract  from  the  Revised  Statutes,  noted  on  page 
6S^  gives  in  detail  the  requirements  of  the  returns  office  (sec.  3744 
to  sec.  3747). 

Whenever  the  contract  for  materials  or  work  can  be  let  in  separate 

divisions  or  classes,  each  part  which  might  be  contracted  for  separately 

should  be  listed  in   the  specifications  under  a  separate  heading,  as 

Division  or  Class  1,  2,  3,  etc.     When  possible,  the  detail  specifications 
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relating  to  each  division  or  class  should  be  so  separated  that  the  por- 
tion of  the  specifications  relating  to  that  division  or  class  will  be  com- 
plete in  itself  and  not  require  the  inclusion  in  the  contract  of  details 
relating  to  another  division  or  class.  So  also  a  reference  to  Class  1 
or  Division  1  in  the  contract  should  be  sufficient  to  fix  its  scope  exac'tly. 
Regulations  to  govern  the  execution  of  contracts  and  bonds?  were 
issued  by  the  Secretary  of  the  Interior  under  date  of  April  8,  11^  to, 
see  page  114. 

EIGHT-HOUR    DAY. 

The  law  in  regard  to  the  eight-hour  day,  so  far  as  it  relates  to  the 
reclamation  service,  is  as  follows: 

■  Provided^  That  in  all  construction  work,  eight  hours  shall  constitute  a  day's  work, 
and  no  Mongolian  labor  shall  be  employed  thereon.  Section  4  of  the  reclamation 
act  approved  June  17,  1902  (32  Stat  L.,  388).« 

Eight  hours  shall  constitute  a  day's  work  for  all  laborers,  workmen,  and  mechanics 
who  may  be  employed  by  or  on  behalf  of  the  Government  of  the  United  Stat«i. 
Section  3738  United  States  Revised  Statutes  (act  June  25,  1868,  15  Stat,  L.,  77). 

Be  it  enacted,  etc. ,  That  the  service  and  employment  of  all  laborers  and  mechanics 
who  are  now  or  may  hereafter  be  employed  by  the  Government  of  the  United  States, 
by  the  District  of  Columbia,  or  by  any  contractor  or  ^subcontractor  upon  any  of  the 
public  works  of  the  United  States  or  of  the  said  District  of  Columbia,  is  hen*>»y 
limited  and  restricted  to  eight  hours  in  any  one  calendar  day,  and  it  shall  be  unlawful 
for  any  officer  of  the  United  States  Government  or  of  the  District  of  Columbia  or 
any  such  contractor  or  subcontractor  whose  duty  it  shall  be  to  employ,  direct,  or 
control  the  services  of  such  laborers  or  mechanics  to  require  or  i)ermit  any  such 
laborer  or  mechanic  to  work  more  than  eight  hours  in  any  calendar  day  except  in 
case  of  extraordinary  emergency. 

Sec.  2.  That  any  officer  or  agent  of  the  Government  of  the  United  States  or  of  the 
District  of  Columbia,  or  any  contractor  or  subcontractor  whose  duty  it  shall  be  to 
emi)loy,  direct,  or  control  any  laborer  or  mechanic  employed  upon  any  of  the  public 
works  of  the  Unite<l  States  or  of  the  District  of  Columbia  who  shall  intentionally 
violate  any  provision  of  this  act,  shall  lye  deemed  guilty  of  a  misdemeanor,  and  for 
each  and  every  such  offense  sliall,  upon  conviction,  be  punished  by  a  fine  not  to 
exceed  one  thousand  dollars,  or  by  imprisonment  for  not  more  than  six  months,  or 
by  both  such  fine  and  imprisonment,  in  the  discretion  of  the  court  having  jurisdic- 
tion thereof.     Sections  1  and  2,  act  of  August  1,  1892  (27  Stat.  L.,  340). 

It  will  be  observed  that  the  law  applies  only  to  laborers,  workmen, 
and  mechanics  employed  in  the  construction  of  public  works.  The 
Comptroller  of  the  Treasury  has  made  a  specific  ruling  to  the  effect  that 
one  who  is  employed  under  the  designation  of  "special  laborer'"*  is  not 
included  in  this  description,  the  reasoning  of  his  decision  being  that  it 
applies  specifically  to  mechanics  and  those  employed  in  ordinary  forms 
of  labor.  (6  Comp.,  180.)  Accordingly,  cooks,  field  assistants,  chain 
men,  instrument  men,  etc.,  would  not  be  subject  to  the  provisions  of 
this  law. 

The  enforcement  of  this  law  as  between  the  contractor  and  his 
employee  has  been  held  not  a  matter  for  departmental  action. 

a  Pp.  25d-261  of  thin  paper. 
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OUTFITTING. 

At  the  present  time  much  of  the  work  of  the  reclamation  service 
c^nsistM  of  preliminary  aurveys,  and  hence  many  new  equipments  are 
being  and  must  be  procured  in  the  near  future.  In  obtaining  the 
various  articles  that  may  be  required,  care  should  be  taken  that  all 
needs  are  provided  for  and  at  the  same  time  that  no  unnecessary 
material  is  purchased.  Instruments,  stationery,  and  the  lighter  arti- 
cles can  be  procured  from  the  Washington  office.  Requisitions  for 
these  should  be  made  as  far  in  advance  as  possible.  Attempts  should 
be  made  to  keep  a  record  of  all  instruments  and  of  their  condition, 
as  well  as  of  the  degree  of  use  that  is  made  of  them,  so  that  plane- 
table  outfits,  transits,  levels,  etc.,  may  be  transferred  quickly,  when 
not  in  use,  to  points  where  parties  are  preparing  to  begin  work. 

Horses,  mules,  and  wagons  can  usually  be  purchased  or  hired  near 
the  point  of  work.  It  is  preferable  to  procure  such  means  of  trans- 
portation, if  suitable  arrangements  can  be  made,  by  hiring  a  man  and 
his  team  by  the  day  or  month.  The  man  is  thus  responsible  for  the 
horses  and  wagon  and  for  keeping  the  wagon  in  repair,  as  well  as  for 
seeing  that  the  horses  are  properly  fed,  shod,  and  cared  for.  If  it  is 
impracticable  to  hire  in  this  way,  then  teams  must  be  purchased. 
Good  serviceable  animals  and  wagons  should  be  procured,  for  it  is 
usually  more  economical  to  pay  a  fair  price  for  a  suitable  outfit  than 
to  save  a  few  dollars  at  the  outset  and  run  the  risk  of  a  breakdown  in 
the  field. 

The  attempt  is  being  made  to  set  certain  standards  of  equipment, 
and  a  report  upon  this  subject  has  been  prepared  by  members  of  the 
survey  (see  p.  267). 

Tents  may  be  procured  upon  requisition  sent  to  the  office  of  the 
chief  engineer,  suitable  aiTangements  having  been  made  with  the 
Quartermaster-General  of  the  Army.  These  tents  are  shipped  from 
the  nearest  supply  depot,  and  the  cost  is  ultimately  paid  from  the 
Washington  office.  The  quality  of  the  tents  is  usually  good,  although 
complaint  has  been  received  from  men  in  the  field  of  patched,  worn, 
or  partly  mildewed  tents  being  issued.  To  avoid  the  delay  and  uncer- 
tainty of  obtaining  tents  from  the  Army,  arrangements  have  been  made 
with  a  manufacturer  in  Denver  to  furnish  tents  for  definite  prices.  It 
is,  therefore,  possible  to  procure  tents  by  direct  purchase  from  Denver 
or  in  open  market  at  other  points  whenever  necessary. 

Stoves,  cooking  utensils,  various  implements,  and  groceries  should 
be  purchased  as  needed  from  the  nearest  and  cheapest  point.  The 
vouchers  for  these  should  be  carefully  itemized,  the  quantity  and  the 
unit  price  being  clearly  stated.  The  bills  should  be  checked  by 
the  assistant  engineers  or  aids  to  see  that  the  items  and  additions  are 
correct  to  the  last  cent.  When  so  checked  the  fact  should  be  stated 
on  the  margin  or  back  of  the  voucher  (*'  Checked  by  John  Smith")  to 
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place  responsibility  in  case  of  error.  Small  mistakes  of  a  few  cents 
on  larji^e  itemized  bills  are  extremely  annoying,  as  they  dela^'  the  work 
of  the  disbursing  officer  and  prevent  prompt  payment  of  other  vouch- 
ers. For  this  reason,  if  for  no  other,  as  great  care  should  be  required 
in  store  accounts  as  in  level  or  ti'ansit  notes. 

Attention  is  called  to  the  necessity  for  strict  economy  in  outfitting 
and  in  the  execution  and  administration  of  all  works  and  duties  of  the 
reclamation  service.  The  number  of  assistants,  draftsmen,  clerks, 
mechanics,  laborers,  and  all  other  employees  should  l)c  reduced  to  the 
lowest  possible  limit  that  may  be  consistent  with  efficiency. 

FIELD  OFFICES. 

During  the  time  of  preliminary  reconnaissance  and  surveys  leading 
up  to  construction,  the  district  offices  are  located  at  some  central 
point  or  important  town.  It  is  apparent,  however,  that  as  soon  jls 
construction  begins,  the  district  offices  should  be  placed  upon  or  near 
the  works,  in  order  to  insure  full  oversight;  also  to  give  the  younger 
assistants  and  others  connected  with  the  office  as  full  information  as 
possible  concerning  construction  work  and  all  matters  jKjrtaining  to  it. 

Pending  the  time  of  occupancy  of  these  field  offices  suitable  rooms 
can  be  rented  in  nearby  cities  or  towns.  General  authoritv  has  lioen 
granted  by  the  Secretary  for  the  rent  of  such  office  rooms,  to  be  charged 
to  the  reclamation  fund.  In  ejich  instance  the  renting  of  the  room  is 
to  be  promptly  reported  to  the  Department  for  its  information  and 
confirmation. 

When  the  plans  have  been  determined  upon,  a  convenient  but  rela- 
tively inexpensive  office  should  be  built  and  so  located,  if  practicable, 
that  it  will  serve  as  the  permanent  residence  of  the  keeper,  who  will 
ultimatelv  live  at  tiie  headworks.  Around  this  should  be  svmmetric- 
ally  placed  other  structures  for  the  convenience  of  the  men,  and  some 
of  these  may  be  sufficiently  permanent  to  be  left  for  stables  or  out- 
buildings for  the  keeper.  While  new  and  clean  they  will  serve  as 
lodging  liouses  and  furnish  accommodations  for  the  assistant.^ 
emplo^'ed  on  the  work. 

The  field  offices  should  be  provided  with  ordinary  cooking  and  din- 
ing facilities,  the  usual  office  furniture  of  desL**,  drawing  tables,  chairs, 
book  and  filing  cases,  and  should  also  have  plain,  substantial  sleeping 
accommodations  for  the  use  of  the  district,  supervising,  or  consulting 
engineers  when  visiting  tlie  work.  By  providing  these  the  expense  of 
living  at  a  hotel  will  ]>e  avoided.  All  purchases  of  this  kind  should 
be  estimated  in  advance  and  authorized  in  the  customary  manner. 

Where  lumber  is  expensive  it  is  piucticable  to  purchase  i)ortab!e 
houses,  of  which  several  kinds  are  on  the  market.  These  can  l>e 
quickly  erected  and  moved  from  time  to  time  along  the  line  of  the 
work.     They  are  preferable  to  tents,  as  they  are  not  shaken  by  ordi- 
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naiy  wiud8,  arc  relatively  free  from  dust,  and  })y  theii*  use  moving 
is  expedited  and  the  preparation  of  drawings  and  ordinary  clerical 
^ivork  is  carried  on  more  effectivelv. 

A  commissary  should  be  maintained  for  all  of  the  men,  and  care 
taken  to  see  that  everything  is  neat  and  systematic,  but  not  expensive. 
It  is  of  the  utmost  impoi-tance  to  produce  a  good  impression  on  per- 
sons visiting  the  works  in  order  that  they  may  see  that  everything  is 
l>eing  conducted  in  a  proper  manner.  The  district  engineers  must 
l>ear  in  mind  that  much  of  the  future  eflSciency  of  the  service  depends 
on  creating  a  good  opinion  in  the  minds  of  the  public,  particularly  in 
a  farming  communit}'.  If  there  is  apparent  extravagance,  even  in 
small  matters,  this  will  reflect  unfavorably.  If,  on  the  other  hand, 
public  men  and  citizens  interested  who  visit  the  work  find  that  every- 
thing is  being  carried  on  systematically,  and  with  due  regard  to 
economy,  the  service  will  l)e  cori'espondingly  strengthened. 

The  statutes  require  that  not  less  than  seven  hours  labor  shall  be 
performed  per  daj'  by  employees  of  the  Government,  and  limit  the 
time  of  ordinary  labor  to  eight  hours  per  day.  District  engineers 
are  expected  to  fix  office  hou!*s  of  not  less  than  seven  hours  nor  more 
than  eight  hours,  and  to  arrange  them  in  accordance  with  local  custont 
and  convenience.  As  a  rule  the  hours  should  be  from  8  to  12  and  from 
1  to  5. 

The  office  or  some  other  room  at  the  headquarters  should  be  so 
arranged  that  it  will  ])e  comfortable  and  convenient  for  the  assembly 
of  the  men  during  the  evening  and  at  other  times  when  not  employed, 
so  that  there  will  ])e  reasonable  inducements  for  the  men  to  read, 
study,  or  discuss  engineering  matters.  The  engineers  in  charge  should 
bear  in  mind  at  all  times  that  it  is  necessary  not  onl}"  to  build  good 
works,  but  to  improve  and  strengthen  the  men  who  are  executing  them. 

It  is  very  desirable  to  keep  the  younger  assistants  out  of  the  cities, 
and  to  bring  them  together  in  fairly  cx)mfortable  camps  or  head- 
quarters, where  they  can  be  associated  at  all  times  with  planning, 
de^signing,  and  constructing.  Every  reasonable  effort  should  be  made 
toward  this  end. 

SUBSISTENCE  OF  MEN. 

Subsistence  furnished  to  persons  employed  in  the  reclamation  serv- 
ice is  neither  an  emolument  nor  a  perquisite,  but  is  furnished  solely 
for  the  purpose  of  facilitating  the  field  work  of  the  pirties,  and  upon 
this  principle  individual  cases  will  be  decided  by  the  chief  engineer, 
who  may  at  any  time  make  such  changes  as  may  seem  most  feasible  or 
economical  for  the  (lovernment. 

The  regulations  and  instructions  of  the  Geological  Survey  cover 
largel}'  the  various  questions  arising  as  to  su])sistence.  In  camp  pro- 
vision is  made  for  the  wants  of  all  men  Oiuplojed;  groceries  and  other 
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supplies  are  purchased  in  accordance  with  the  ration  list;  a  oook  is 
employed,  and  all  necessary  articles  are  furnished  for  board  and 
lodging,  such  as  tents  and  dining  accommodations. 

The  men  are  expected  to  furnish  their  own  blankets  and  a  cot,  if  one 
is  desired;  also  towels  and  all  similar  articles  for  personal  use.  The 
Survey  furnishes  the  cook  and  kitchen  utensils,  as  well  as  food  of 
good  quality  and  in  sufficient  quantity  for  men  undergoing  severe 
physical  exertion.  Luxuries  or  unusual  articles  are  not  purchased, 
and  medical  attendance  is  furnished  only  when  away  from  settlementH 
or  in  localities  where  the  ordinary  practitioners  can  not  be  had.  It  is 
understood  in  engaging  the  services  of  assistants  and  field  men  that 
they  will  be  supplied  with  ordinary  and  necessary  medical  supplies 
suitable  for  the  peculiar  conditions  or  exposure  under  which  they  are 
working. 

Only  those  persons  directly  connected  with  the  work  are  sul^sisted 
in  camp.  Visitors  should  not  be  entertained,  except  under  conditions 
leading  to  the  furtherance  of  the  work.  In  short,  every  effort  is  made 
to  provide  comfortable  and  satisfactory  subsistence  and  to  avoid 
extravagance  and  unnecessary  expense.  Field  parties,  as  a  rule,  move 
camp  frequently  and  all  unnecessary  furniture  must  be  excluded,  as 
well  as  all  persons  not  absolutely  needed  for  the  work  in  hand. 

It  has  been  the  custom  at  the  end  of  the  field  season,  on  the  discon- 
tinuance of  field  work,  to  bring  the  regular  employees  to  Washington 
or  to  some  central  point.  Here,  following  usual  customs,  the  men 
supply  their  own  subsistence,  usually  returning  to  their  families  or 
permanent  places  of  abode. 

Men  regularly  employed  at  a  certain  point  are  not  entitled  to  subsist 
ence  as  are  field  assistants  who  are  required  to  move  from  point  to 
point  with  the  camp,  or  shifting  work.  Where  men  are  ordered  to  a 
regular  office  for  work,  or  to  a  locality  where  they  will  practically 
establish  a  home,  it  is  not  allowable  to  pay  for  subsistence  or  to  cover 
this  by  any  form  of  expenditure. 

As  construction  is  taken  up  and  the  men  are  located  at  a  given  point 
for  an  indefinite  time,  it  is  expected  that  they  will  provide  their  own 
subsistence  and  establish  homes,  if  convenient.  Discretion  is  left 
largely  to  the  district  engineers  in  this  particular,  and  care  must  be 
exercised  by  them  in  making  recommendations  covering  exceptional 
cases. 

Men  who  are  employed  for  field  work  and  paid  a  salary  which  is 
understood  to  be  for  this  work,  with  subsistence  furnished  in  the 
'field,  should,  if  ordered  to  remain  at  a  definite  point  for  several  days 
or  weeks,  be  reimbursed  for  reasonable  and  ordinary  cost  of  board 
and  lodging  while  at  this  point.  If,  however,  they  are  ordered  to  a 
locality,  with  the  probability  of  remaining  there  for  a  month  or  more, 
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they  should  not  be  allowed  subsistence  unless  special  authority  is  given 
T>y  the  chief  engineer. 

During  the  winter,  or  at  times  when  field  work  can  not  be  actively 
carried  on,  the  men  should  be  brought  to  headquarters  camp  and  sub- 
sisted there.  If  they  prefer  to  bring  their  families  and  locate  them  at 
near-by  points^  the  men  will  be  expected  to  exercise  their  option  as  to 
whether  they  personally  will  take  a  part  of  their  meals  at  the  general 
commissary.  If  the  men  prefer  to  remain  with  their  families  no 
allowance  can  be  made  for  this.  It  should  be  plainly  imderstood  that 
a  commissary  is  provided  for  the  subsistence  of  the  men,  and  that  it  is 
optional  with  them  whether  they  take  their  meals  at  the  conunissary 
or  not. 

Men  instructed  to  remain  at  a  town  or  other  locality  for  a  definite 
tame  exceeding  two  weeks  will  be  expected  to  make  arrangements  for 
their  own  subsistence. 

It  is  not  expected  that  any  general  rules  can  be  formulated  which 
will  be  suflBiciently  definite  for  every  individual  case,  and  such  cases 
will  be  decided  by  the  engineer  in  charge  upon  the  principles  above 
laid  down.  In  case  of  doubt,  or  disagreement,  the  case  will  be  referred 
to  the  chief  engineer  for  decision. 

In  the  Corps  of  Engineers  of  the  United  States  Army  conditions 
exist  similar  to  those  prevailing  in  the  reclamation  service.  Every 
assistant  en^neer  in  this  corps,  from  the  highest  grade  to  the  lowest, 
is  appointed  under  civil-service  regulations  at  a  specified  salary  per 
annum^  These  assistant  engineers  receive  no  allowance  in  lieu  of 
expenses,  but  have  all  actual  field  expenses  and  subsistence  paid  when 
on  field  duty.  The  practice  in  connection  with  detail  to  this  work  is 
variable.  There  are  no  hard  and  fast  iniles,  and  each  case  is  considered 
separately  by  the  officer  in  charge  and  the  Chief  of  Engineers.  In 
their  view  the  man  in  the  field  has  harder  work,  longer  hours,  and 
more  arduous  duties  than  the  man  in  office.  Besides,  he  has  two 
establishments  to  support,  his  family  at  home  and  himself  in  the 
field.  If  his  office  is  at  a  permanent  station,  he  has  his  family 
with  him,  and  his  living  expenses  are  little  or  no  additional  charge 
upon  him.  Therefore  under  army  regulations  the  field  man  is  paid 
more  than  the  man  who  is  engaged  in  office  work.  This  payment 
is  made  in  the  form*  of  subsistence;  in  other  woods,  the  man  on 
field  duty  has  added  to  his  pay  his  subsistence.  When  he  is  engaged 
in  office  duty  he  receives  his  pay  only.  This  is  identical  with  the 
usual  practice  of  the  Geological  Survey.  Where  avssistant  engineers 
or  subassistants  of  the  corps  of  engineers  of  the  army  are  permanently 
located  at  Cincinnati,  Frankfort,  etc.,  they  subsist  themselves  from  the 
day  they  report  for  office  duty.  When  ordered  into  the  field  they  are 
subsisted  on  house  boats  or  otherwise.    In  some  cases  men  are  moved 
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about  so  frequently  that  they  luay  be  said  to  have  no  permanent  resi- 
dence. They  nia}"  be  in  Frankfort  for  two  months,  may  go  to  the  field 
for  a  time,  and  then  be  ordered  elsewhere.  In  such  cases  their  sul>- 
sistence  is  paid  in  the  temporary  o£Bce  as  well  as  in  the  field.  Where, 
however,  a  man  is  detailed  to  an  office  for  several  months,  and  is  so 
notified,  it  is  assumed  that  he  will  make  such  necessary  permanent 
arrangements  concerning  his  living  as  may  seem  desirable. 

PROPERTY. 

In  the  operations  of  the  reclamation  service  property  is  acquired  in 
various  ways  and  must  be  accounted  for  with  exactness.  The  system 
in  use  by  the  Geological  Survey  is  being  modified  and  the  attempt 
made  to  simplify  the  making  of  property  returns. 

The  Regulations  of  the  Geological  Survey,  beginning  on  page  4^>, 
gives  most  of  the  essential  facts  concerning  property,  and  the  Instruc- 
tions, on  page  38,  relates  to  the  matter.  The  most  important  fact  to  !hj 
noted  is  that  property  acquired  by  purchase,  transfer,  etc.,  is  divided 
into  two  classes,  expendable  and  nonexpendable. 

Expendable  property,  such  as  groceries  and  supplies  of  various 
kinds,  is  to  be  used  or  consumed  for  purposes  of  the  service.  A  cer- 
tificate by  a  responsible  officer  to  this  effect  is  all  that  is  required. 
Care  should  be  taken,  however,  to  verify  the  fact  that  the  expend- 
able property  has  been  put  to  proper  official  use. 

Nonexpendable  property  must  be  classified  and  carried  on  pi-operty 
returns  from  quarter  to  quarter  indefinitely,  or  until  the  arti<'les 
are  worn  out  or  disposed  of  in  some  lawful  way.  Care  must  l)e  t^iken 
to  get  rid  of  unnecessary  articles  and  keep  the  property  returns  free 
from  accumulations  of  things  not  needed. 

At  intervals  of  six  months  or  a  year  all  unserviceable  articles  should 
be  gathered  together  at  some  convenient  point  and  inspected  by  proper 
officers.  Authority  for  such  inspection  should  be  procured  in  adA'snce 
from  the  chief  engineer,  and  all  requirements  preliminary'  to  the 
proper  disposal  of  the  articles  should  be  observed. 

Auction  sales  should  be  had  of  all  unserviceable  animals  and  equip- 
ment, aft^er  suitable  authority  has  been  procured  and  advertisement 
made  in  the  customary  manner.  Blanks  for  this  pui-pose  and  for 
making  returns  should  be  obtained  from  the  chief  engineer.  An  auc- 
tioneer, i  f  employed,  can  be  paid  out  of  the  proceeds  and  the  necessary 
cost  deducted  from  the  returns. 

The  proceeds  from  auction  sales  should  be  transmitted  to  the  chief 
engineer,  with  all  the  papers,  to  be  forwarded  to  the  Department. 

Each  district  engineer  and  principal  officer  in  the  field  is  a  ciLstodian 
or  subcustodian  for  the  chief  engineer.  Property  returns  must  be 
made  quarterly  and  must  be  explicit  in  all  details,  every  article  of 
nonexpendable  property  being  accounted  for  in  one  way  or  another. 
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NEW  PROJECTS. 

All  projects  for  new  works  must  l>e  submitted  for  consideration  to  the 
Secretary  of  the  Interior  through  the  chief  engineer  and  the  Director 
of  the  Geological  Survej-. 

When  plans  for  work  of  anj'  kind  have  been  sanctioned  by  the 
Secretary  of  the  Interior  or  by  the  chief  engineer,  they  must  not  be 
departed  from  without  the  express  permission  of  the  Secretary  of  the 
Interior  or  of  the  chief  engineer. 

Public  works  in  charge  of  the  reclamation  service  will  be  inspected 
at  least  once  a  year,  and  also  when  completed,  by  such  oflScers  as  the 
chief  engineer  shall  designate. 

There  may  be  one  or  more  boards  of  engineers  whose  duty  it  shall 
be  to  plan  or  revise,  as  may  be  directed  by  the  chief  engineer  from 
time  to  time,  projects  of  rec*lamation  required  for  the  development  of 
the  arid  lands  of  the  United  States;  also  to  consider  and  report  upon 
such  matters  as  may  be  referred  to  it  by  the  chief  engineer  (see  also 
p.  33). 

It  shall  also  be  the  duty  of  any  member  or  members  of  the  board, 
whenever  required  by  the  chief  engineer,  to  inspect  and  report  upon 
any  of  the  works  of  construction  or  other  operations,  the  inspection 
reports  to  be  made  to  the  board  and  by  it  submitted  to  the  chief 
engineer  with  such  remarks  as  may  be  deemed  proper. 

The  board  shall  consist  of  not  less  than  three  officers,  to  be  desig- 
nated by  the  chief  engineer  with  the  sanction  of  the  Secretary  of  the 
Interior  or  of  the  Director  of  the  Geological  Survey. 

Two  members  of  the  board  shall  constitute  a  quorum  for  the  trans- 
action of  business,  })ut  its  final  decisions  in  important  matters  must  he 
sanctioned  by  a  majority  of  its  members. 

The  reports  of  the  lK)ard  will  be  made  to  the  chief  engineer.  It  will 
keep  a  journal  of  its  proceedings,  and  will  on  the  last  day  of  each 
month  report  to  him  the  movements  of  its  members  and  a  brief  state- 
ment of  the  occupation  of  the  assembled  l)oard. 

The  chief  engineer  submits  all  important  reports  of  the  board,  with 
his  views  thereon,  to  the  Secretary  of  the  Interior  through  the  Direc- 
tor of  the  Geological  Survey.  No  important  work  should  be  under- 
taken without  the  consent  of  the  Secretary. 

The  orders  of  the  senior  officer  of  the  board  shall  be  authority  for 
journeys  made  by  its  members  and  associates  and  for  the  necessary 
expenditures  incurred  by  the  board  in  pursuance  of  its  duties,  but  the 
authority  of  the  chief  engineer  must  be  obtained  by  the  senior  officer 
of  the  board  for  all  journeys  made  by  the  board  or  members  thereof 
to  localities  other  than  the  usual  place  of  meeting. 

Questions  as  to  water  power  and  pumping  should  be  brought  to  the 
notice  of  the  electrical  engineer  by  the  engineers  who  encounter  these 
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problems.  The  feasibility  of  a  project  may  depend  on  the  possibilities 
regarding  power  development  and  use,  and  as  much  time  should  be 
allowed  for  studying  this  phase  of  the  undertaking  as  for  the  investi- 
gation of  other  engineering  questions.  If  this  information  is  with- 
held until  all  the  plans  for  the  irrigation  system  have  been  worked 
out,  it  may  often  happen  that  insufficient  time  will  remain  in  which  to 
make  a  comprehensive  study  of  the  design.  Moreover,  some  data  may 
be  lacking  or  some  modification  of  the  approved  plans  of  dam,  canals^ 
etc.,  may  be  required  in  order  to  secure  the  best  design  of  power  plant, 
thereb}'^  delaying  the  execution  of  the  project. 

Whenever  the  investigation  of  a  new  project  has  proceeded  far 
enough  to  warrant  a  visit  and  examination  by  the  consulting  engineers, 
their  report  regarding  the  proje<?t  should  state  whether  or  not  any 
power  development  is  contemplated.  In  case  such  development  is  con- 
templated, the, report  should,  if  possible,  state  briefly  the  amount  and 
probable  use  of  the  power  to  be  developed,  and  should  also  state  when, 
in  the  opinion  of  the  consulting  engineers,  the  electrical  engineer 
should  receive  from  the  engineer  of  the  project  such  preliminary  data 
as  will  enable  him  to  study  the  situation  sufficiently  to  decide  what 
special  additional  information  is  wanted  by  him  in  working  out  the 
designs,  plans,  and  estimates  of  the  power  system,  or  when,  in  their 
opinion,  the  electrical  engineer  should  visit  the  project  and  consult 
with  the  local  engineer  regarding  power  possibilities. 

In  C/Onsidering  new  projects  it  is  necessary  to  take  into  account  not 
merely  the  physical  conditions,  but  many  other  factors.  Among  the 
most  prominent  of  these  are  the  questions  as  to  whether  the  particular 
work  can  best  be  executed  by  private  agencies.  In  many  localities 
where  the  projects  have  been  studied  and  the  results  generally  known 
there  are  persons  who  come  forward  with  a  plan  to  build  a  portion  of 
the  project  and  who  express  the  desire  to  have  the  reclamation  service 
turn  over  to  them  the  simpler  or  more  attractive  part  of  the  scheme 
for  development.  There  are  cases  where  it  might  be  better  for  all 
concerned  for  the  Government  to  decline  to  take  up  the  work,  and  full 
consideration  must  be  given  matters  of  this  kind. 

If  the  reclamation  service  is  to  step  out  of  the  way  whenever  a  cor- 
poration or  association  of  individuals  expresses  a  willingness  to  build 
an  irrigation  project,  the  result  will  be  a  surrender  of  the  best  projects, 
leaving  those  which  are  lacking  in  merit.  Works  constructed  by 
private  corporations  are  built  for  profit,  and  every  dollar  that  the 
settler  can  pay  will  be  extracted  from  him. 

The  usual  method  of  procedure  of  a  private  scheme  is  about  as 
follows: 

The  agents  of  a  new  water  corporation  proceed  through  a  district, 
seeking  contracts  for  water  to  be  furnished  to  the  land,  these  contracts 
being  in  the  nature  of  a  first  mortgage.     With  these  contracts  in  hand 
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a  promotion  company  then  attempts  the  sale  of  bonds.  These  bonds 
must  be  heavily  discounted  in  order  to  find  purchasers  and  to  pay 
comniissions.  They  are  frequently  disposed  of  on  a  basis  of  about  75 
or  80  cents  on  the  dollar.  The  promotion  company  usually  surrenders 
to  the  bond  underwriters  the  controlling  interest  in  the  common  stock 
in  the  water  company.  The  profit  of  the  promotion  company  con- 
sists in  the  retention  usually  of  from  33  to  49  per  cent  of  the  common 
stock  of  the  water  company. 

The  settler  has  to  meet  under  these  conditions  three  distinct  charges: 
First,  discount  on  the  bonds;  second,  interest  on  the  entire  bond 
issue;  third,  interest  on  the  capital  stock.  The  consequence  is  that 
the  final  cost  is  far  larger  for  works  hastily  and  poorly  built  than 
if  the  Government  constructed  permanent  works  to  endure  for  all 
time. 

The  constructing  corporation  usually  plans  to  build  a  headworks  at 
the  most  convenient  point  and  to  reclaim  only  the  most  readily  irriga- 
ble lands.  This  results  in  condemning  to  sterility,  at  least  for  a  long 
period  of  years,  the  remaining  less  desirable  or  less  accessible  lands. 

On  the  other  hand,  the  arguments  in  favor  of  stepping  aside  for 
private  corporations  may  be  summarized  as  follows: 

The  object  and  purpose  of  the  reclamation  act  is  primarily  the 
development  of  the  arid  West.  It  is  admitted  that  the  present  funds 
are  inadequate  for  complete  development,  and  this  being  the  case  it 
would  seem  improper  for  the  Government  to  stand  in  the  way  of  the 
construction  of  works  by  private  capital  when  the  Government  could 
go  elsewhere  for  the  construction  of  other  works  in  more  remote 
regions  where  private  capital  is  unwilling  to  invest. 

If  the  Government  refuses  to  step  aside  in  irrigation  projects,  it 
will  in  each  case  incite  the  vigorous  animosity  of  persons  or  corpora- 
tions who  desire  to  speculate. 

Again,  as  it  is  impossible  for  the  Secretary  of  the  Interior  to  make 
decisions  in  all  cases  until  definite  plans  and  surveys  are  submitted,  it 
is  unjust  for  him  to  prevent  the  construction  of  works  by  private 
capital  when  the  promoters  are  certain  that  they  want  the  opportunity 
for  investment. 

The  arguments  for  and  against  the  construction  of  any  particular 
project  by  the  reclamation  service  should  be  carefully  considered  and 
particular  weight  be  given  to  conditions  involving  the  irrigation  of 
public  lands.  The  reclamation  of  these  can  unquestionably  be  carried 
on  better  under  the  reclamation  law  than  by  any  form  of  private  enter- 
prise. It  must  also  be  borne  in  mind  that  the  construction  of  large 
works  of  this  character  must  involve  endless  strife  between  the  water 
user  and  the  company.  As  a  rule,  the  water  companies  have  in  the 
past  been  financial  failures  and  have  not  brought  about  the  best  devel- 
opment of  the  country. 
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ESTIMATES  OF  COST. 

In  making  entimates  for  any  new  project  great  care  must  be  taken 
to  determine  accurately  its  probable  cost  and  not  to  underestimate 
this.  The  landowner  must  ultimately  pay  the  proportional  cost  per 
acre,  and  if  the  cost  is  found  to  be  less  than  the  original  estimate  the 
result  will  be  satisfactory  to  all,  but  if  the  cost  exceeds  the  c^stimate 
and  the  price  per  acre  is  placed  above  that  originally  fixed,  the  land- 
owners may  think  that  they  have  not  been  treated  fairly.  The  cost 
per  acre  in  any  event  will  probably  be  far  below  the  ultimate  value  of 
the  water. 

Engineers  connected  with  the  designing  of  large  works  must  bear 
in  mind  that  the  greatest  efficiency  and  economy  of  these  works  usually 
results  from  a  careful  study  of  the  plans  when  nearly  completed.  In 
the  initiatory  stages  of  the  reclamation  service  it  has  been  necessary  to 
push  work  rapidly  in  order  to  show  results,  but  before  the  general 
plans  have  been  approved  and  the  work  outlined  it  is  highly  essential 
for  the  engineers  to  study  with  great  care  and  reasonable  deliberation 
all  of  the  important  details  and  to  take  sufficient  time  to  do  this 
thoroughly. 

CONSTRUCTION. 

The  reclamation  law  evidently  contemplates  that  most  of  the  work 
shall  l)e  executed  by  contract.  Many  portions,  however,  must  be 
executed  on  what  is  commonly  known  as  '* force  account" — that  is  to 
say,  by  the  tools  and  appliances  furnished  by  the  reclamation  service  and 
by  men  employed  by  the  day  or  by  ordinary  contract.  Thei-e  are 
many  situations,  especially  in  new  work,  where  it  is  impracticable  to 
furnish  sufficient  knowledge  in  advance  to  enable  contmctors  to  bid 
closely,  and  where  the  work  can  be  done  more  eflfectively  and  econom- 
ically by  day  labor.  This,  for  example,  has  been  found  to  be  the  ease 
in  drilling  for  foundations,  where  the  locality  is  remote  from  lines  of 
transportation  and  the  underground  conditions  are  uncertain.  It  has 
been  found  by  actual  experience  that  holes  can  be  sunk  or  diamond- 
drill  cores  extracted  at  about  a  third  of  the  cost  at  which  the  work 
could  be  let  by  contract. 

In  many  operations  also  the  work  from  day  to  day  depends  on  the 
discoveries  made  under  changing  conditions.  Here  it  is  impracticable 
to  let  contracts  in  such  form  >is  to  cover  all  of  the  contingencies,  and 
the  reclamation  service  must  thus  have  a  somewhat  extensive  plant  for 
executing  various  kinds  of  work  and  must  employ  means  utilized  by 
other  constructing  organizations  for  pushing  forward  work  rapidly  and 
effectively. 
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AUTHORIZATIONS 

It  in  important  to  bear  in  mind  the  origin  of  authority  to  execute 
w^ork  and  expend  funds,  and  at  all  times  to  ascertain  that  full  authority 
is  possessed  for  the  proposed  operations.  The  origin  of  all  authority 
is  traceable  to  acts  of  Congress.  These  confer,  in  general  or  specific 
terms,  upon  the  Secretary  of  the  Interior,  or  other  executive  oflScers, 
the  power  and  duty  of  performing  certain  things  in  definite  ways. 

The  act  of  June  17,  1902  (32  Stat.  L.,  388),  is  the  foundation  upon 
T¥hich  the  work  of  the  reclamation  service  is  established.  The  details 
of  the  operations  are,  however,  modified  or  guided  by  general  laws 
and  departmental  rules,  which  have  the  force  of  law. 

The  Secretary  of  the  Interior  is  the  responsible  oflScer,  who  in  turn 
delegates  certain  authority  to  others.  This  is  usually  genei*al  in  char- 
acter and  covers  ordinary  field  operations  and  construction.  It  covers 
the  purchase  of  the  articles  customarily  needed  and  employment  of 
persons,  but  is  limited  in  detail  by  certain  customs  or  by  decisionH  of 
the  Comptroller  or  Auditor.  It  must  not  be  assumed  that  all  freedom 
enjoyed  by  an  individual  or  a  corporation  is  possessed  by  the  oflScers 
of  the  reclamation  service. 

It  is  impossible  to  state  the  limitations  which  are  set  to  geneml 
authorizations.  As  a  rule  it  may  be  said  that  by  the  employment  of 
sound  judgment  in  carrying  out  the  pui'poses  of  the  reclamation  serv- 
ice there  will  be  little  diflSculty  encountered,  as  the  attempt  is  made 
to  keep  the  work  on  a  substantial  business  basis. 

The  engineers  and  certifying  oflicers  must,  however,  not  Ijc  sur 
prised  at  meeting  occasional  unexpected  obstacles  or  limitations  of 
authority,  especially  in  minor  details.  These,  though  trying,  must  be 
patiently  and  loyally  endured,  as  protest  is  of  little  avail.  To  illus- 
trate one  of  the  minor  limitations  may  be  cited  the  fact  that  in  trans- 
mitting small  amounts  of  money  in  payment  of  official  debts  incurred 
it  has  been  found  by  experience  that  the  Comptroller  will  not  permit 
the  payment  of  the  fee  for  a  post-oflScc  order,  but  will  allow  the  fee 
for  registration  of  8  cents,  if  supported  by  evidence.  Thus,  when 
necessity  arises  for  transmitting  monthly  payments  to  observers,  or 
similar  small  amounts,  the  responsible  oflScer  can  either  send  his  own 
check  or  put  the  money  in  a  registered  letter,  but  can  not  expect 
reimbui*sement  if  a  postal  order  is  used.  These  minor  limitations  can 
usually  be  made  known  only  by  experience. 

In  all  work  it  is  essential  to  have  definite  and  explicit  authority  for 
expenditures  of  every  kind.  At  the  beginning  of  the  fiscal  year  the 
Director  receives  estimates  of  proposed  expenditures,  and  submits 
these  to  the  Secretary  of  the  Interior  for  approval,  general  authority 
being  by  this  means  obtained  for  all  expenditures.     The  Secretary  of 
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the  Interior,  through  the  Director  of  the  Geological  Survey,  allots  to 
the  various  branches  and  divisions  of  the  Survey  certain  sums  from 
suitable  appropriations,  and  gives  authorit}'^  to  the  responsible  officers 
for  expenditures  in  general  terms. 

In  the  hydrographic  branch  the  hydrographer  in  charge,  or  chief 
engineer,  makes  specific  allotments  to  the  various  men  and  these  allot- 
ments must  not  be  exceeded  without  further  authorization.  Each  chief 
of  party,  district  engineer,  or  hydrographer  must  be  sure  that  this 
authorization  is  explicit  and  complete,  and  in  rendering  statement 
of  expenditures  from  time  to  time  should  quote  the  original  authori- 
zation, showing  the  date  and  amount  of  allotment. 

Before  any  important  piece  of  work  is  undertaken  which  is  not 
within  the  allotment,  specific  authority  for  this  must  be  had;  no  inves- 
tigation or  piece  of  work  should  be  begun  until  estimates  for  it  have 
been  made  and  authority  obtained  covering  the  necessary  expenditures. 

Authority  to  purchase  materials  and  execute  work  by  contract  or 
otherwise,  in  the  manner  most  economical  and  advantageous  to  the 
United  States,  must  be  granted  by  the  Secretary  of  the  Interior  in 
some  one  of  various  forms. 

When  an  officer  has  occasion  to  propose  the  execution  of  any  special 
work,  as  repairs,  temporary  buildings,  special  surveys,  rebuilding  or 
repairs  of  roads,  etc.,  the  proposition  should  always  be  accompanied 
by  an  itemized  estimate,  where  this  is  practicable,  of  the  probable  cost 
of  such  work. 

No  sales  of  property  will  be  made  without  authority  from  the  chief 
engineer.     Private  sales  are  prohibited. 

Property  pertaining  to  one  appropriation,  when  transferred  for 
expenditure  in  connection  with  another,  will  be  paid  for  from  the 
latter,  as  in  the  case  of  other  property  purchased  from  the  uaual 
sources  of  supply. 

Special  authority  for  the  transfer  of  property  is  necessary  when 
the  purchase  of  such  propert}'^  from  the  usual  sources  would,  under  the 
regulations,  require  that  authority. 

It  is  desirable  to  sum  up  briefly  the  sequence  of  events  and  the  steps 
to  be  taken  by  the  district  engineers  in  the  conduct  of  any  particular 
piece  of  work  from  its  initiation  to  the  time  of  construction.  At  each 
important  step  certain  authorization  must  b^  obtained  in  order  to  keep 
the  Department  fully  informed  of  the  work  and  guard  against  error 
or  misunderstanding. 

The  first  step  in  any  project  is  the  reconnaissance,  or  preliminary 
survey.  The  engineer  in  the  field  initiates  this  by  calling  it  to  the 
attention  of  the  chief  engineer;  or,  the  latter,  following  a  request  from 
citizens  or  public  bodies,  refers  the  matter  to  the  engineer  in  the  field 
for  examination  and  report.     In  any  case,  specific  authority  for  mak- 
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ing  examination  should  be  obtained,  and  an  estimate  nhould  be  pre- 
pai-ed  as  to  the  probable  cost  in  which  should  be  stated  the  methods 
to  be  pursued.  In  this  preliminary  examination  care  should  be  taken 
to  ascertain  the  essential  facts  completely  and  at  the  same  time  not  to 
make  elaborate  surveys  where  an  inspection  by  a  competent  en^neer 
would  determine  the  essential  poinbj. 

Upon  the  completion  of  a  preliminary  examination,  results  are 
reported  to  the  chief  engineer,  and  are  summed  up  in  certain  recom- 
mendations, either  that  no  further  action  be  taken  or  that  more  com- 
plete surveys  be  made.  At  this  time  a  concise  statement  of  all  of  the 
conditions  should  be  given  and  an  outline  of  the  surveys  and  exami- 
nations necessary,  together  with  an  estimate  of  the  cost  of  these,  the 
time  probably  required,  and  the  number  of  men  and  instruments  and 
amount  of  equipment  necessaiy.  Specific  authority  to  make  these 
surveys  should  be  obtained  from  the  chief  engineer  before  notable 
expenditures  are  made  on  the  work. 

The  sur^'eys  thus  authorized  should  be  conducted  vigorously;  reports 
and  estimates  should  be  prepared  and  submitted  to  the  chief  engineer, 
to  be  referred  by  him  to  the  consulting  engineers  for  their  opinion. 
When  this  opinion  is  rendered,  it  is  transmitted  through  the  Director 
of  the  Geological  Survey  to  the  Secretary  of  the  Interior,  with  recom- 
mendation for  abandonment  or  for  further  work  of  construction. 

Authority  from  the  Secretary  of  the  Interior  for  further  work  is 
usually  given  in  general  terms,  and  definite  instructions  are  issued  by 
the  chief  engineer,  covering  the  necessary  details.  If  the  authorization 
to  proceed  with  construction  necessitates  the  letting  of  contracts,  the 
form  of  advertisement  should  at  once  be  prepared  and  sent  by  the 
district  engineer  to  the  chief  engineer,  to  be  approved  and  forwarded 
to  the  Department.  Advertising  for  bids  is  done  usually  through  the 
miscellaneous  division  of  the  Secretary's  office;  if,  however,  by  special 
authority,  advertising  is  done  by  the  engineer  in  the  field,  a  copy  of 
the  authority  and  proof  of  advertisement  must  be  submitted  with  sub- 
sequent papers. 

When  bids  are  to  be  opened,  suitable  officers  will  be  designated  to 
form  a  board,  and  the  chairman  will  be  responsible  for  the  safety  and 
the  correct  form  of  the  papers.  The  board  will  open  the  bids  in  the 
presence  of  bidders  and  others  interested,  and  will  note  particularly 
whether  these  are  complete,  and  whether  certified  checks  are  inclosed. 
After  canvassing  and  comparing  the  bids  the  board  will  make  a  formal 
report  to  the  chief  engineer,  stating  that  the  bids  have  been  opened  in 
accordance  with  advertisement,  and  that  after  examining  the  bids  all 
of  the  papers  relating  to  the  matter,  including  the  bids  recommended 
for  rejection,  are  transmitted  with  recommendations  based  upon  cer- 
tain facts 
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In  case  all  bids  are  recommended  for  rejection,  or  if  the  hiwcst  bid 
is  not  accepted,  the  reasons  must  be  clearly  given,  and  evidence  pre- 
sented in  such  form  as  to  stand  criticism  by  rejected  })idders  or  other 
persons.     All  papers  and  bids  must  be  transmitted  with  the  reixirt. 

All  papers,  including  the  envelopes  in  which  the  bids  were  filed,  must 
be  transmitted  to  the  chief  engineer,  these  being  listed  and  proi>crly 
marked  for  identification.  The  letter  of  transmittal  containing  the 
recommendations  must  be  explicit,  showing  all  of  the  steps  taken  and 
the  authority  under  which  each  act  is  done. 

In  case  the  general  authorization  from  the  Secretary  of  the  Intt^rior 
for  construction  is  of  such  character  that  material  nuist  be  purchased  or 
labor  performed  without  advertisement  for  bids,  the  authority  for  so 
doing  must  be  explicit,  and  reference  nmst  be  made  to  this  authority  in 
rendering  accounts.  It  is  not  necessary  to  procure  specific  authority 
for  making  purchases  of  supplies  to  be  used  in  preliminary  survej's  and 
field  examinations,  but  if  in  the  course  of  construction  work  it  become^? 
necessary  to  expend  considerable  sums  of  money — for  exam])Ie,  over 
$1,000 — or  to  make  unusual  purchases,  separate  authorization  should 
be  obtained  through  application  to  the  chief  engineer.  In  renderintr 
the  vouchers  for  such  expenditures  the  authorization  must  be  quoted. 

In  short,  the  engineer  in  the  field  must  keep  in  constant  touch  with 
the  central  office,  must  push  the  work  vigorously,  foresee  prolmble 
contingencies,  secure  authority  for  unusual  mattei's,  and  at  the  same 
time  not  wait  for  authority  if  the  exigency  demands  prompt  action. 
Wherever  such  action  is  taken  without  the  usual  authority',  the  factj> 
should  be  plainly  stated  in  subsequent  communication. 

EXAMINATION  OF  LAND  TITLES. 

The  examination  of  title  to  the  lands  involved  in  the  various  irriga- 
tion projects  must  be  made  at  some  time  during  the  investigation.  It 
is  necessary  before  construction  can  l>egin  to  know  jus  to  each  tract 
whether  it  is  public  or  private  land;  while  in  connection  with  the  pur- 
chase of  right  of  way  for  canals  or  of  lands  to  be  flooded  in  reservoirs, 
a  complete  abstract  of  title  will  be  required. 

The  first  step  will  be  to  obtain  a  copy  of  the  record  of  the  Ux-al  land 
office  to  show  the  present  status  of  each  triu't.  It  >vill  not,  of  course, 
be  necessary  to  copy  notes  of  entries  that  have  been  canceled,  of  con- 
tests that  have  been  decided,  or  the  like.  This  record  will  give  the  nature 
and  number  of  the  entry,  a  description  of  the  land,  the  name  and 
post-office  address  of  the  entryman,  and  other  details.  Such  a  record 
wull  show  what  land  is  vacant,  what  land  is  entered,  and  what  land  has 
been  patented.  A  book  has  been  prepared  for  making  these  absti^acts 
and  can  be  obtained  on  application. 
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The  title  to  lands  to  be  purchased  or  over  which  right  of  way  is 
requii-ed  must  be  carefully  examined  and  brought  down  to  date,  in 
order  that  the  office  may  be  informed  as  to  the  present  owner  and  the 
validity  of  his  title  when  negotiations  for  the  purchase  are  taken  up. 

In  connection  with  the  matter  of  right  of  way  for  canals  to  be  con- 
structed by  the  reclamation  service,  attention  is  called  to  the  fact  that, 
by  decision  of  the  Secretary  of  the  Interior  of  October  5, 1893  (Decisions 
of  the  Department  of  the  Interior  Relating  to  Public  Lands,  vol.  17, 
p.  521),  it  has  been  held  that  all  lands  entered  subsequent  to  October 
2,  1888,  are  subject  to  a  right  of  way  for  ditches  or  canals  constructed 
by  the  authority  of  the  United  States,  in  pursuance  of  the  act  of  August 
30,  1890  (26  Stat.  L.,  p.  391).  A  circular  has  been  prepared  to  be 
used  in  notifying  the  owner  of  land  subject  to  such  reservation  that  it  is 
proposed  to  construct  a  ditch  over  his  land  (Form  9-263).  It  contains 
a  copy  of  the  law,  and  is  to  be  used  only  after  final  decision  has  been 
reached  that  such  construction  will  be  undertaken.  It  is  not  advisa- 
ble to  issue  this  circular  prior  to  that  time,  because  the  reclamation 
service  would  then  be  committed  to  the  construction  of  a  canal  over  a 
particular  route,  and  a  complication  would  thus  be  introduced  which 
might  interfere  with  necessary  negotiations  for  purchase  of  rights  of 
way  at  other  points  along  the  same  line. 

A  knowledge  of  the  lands  for  which  patents  have  issued  having  been 
obtained  from  the  records  of  the  local  land  office,  it  does  not  appear 
necessary  to  make  an  absti*act  of  the  title  in  order  to  carry  down  the 
transactions  to  the  present  time.  When  the  irrigation  works  are  com- 
pleted and  the  reclamation  service  has  announced  that  applications  for 
water  rights  will  be  received  the  parties  owning  lands  will,  in  making 
application,  be  required  to  file  affidavit  that  they  have  title  in  fee 
simple  to  the  particular  tracts  which  they  desire  to  water.  This  asser- 
tion of  title  can  be  verified  by  the  tax  records  of  the  county  at  very 
small  expense.  If  the  person  making  application  for  water  right  is 
also  shown  to  be  assessed  for  taxes  on  the  tracts  in  question  it  is  fair 
to  presume  that  he  has  title  in  fee  simple,  as  shown  by  the  face  of  the 
record.  The  intermediate  transactions  are  not  important  for  the  pur- 
poses of  the  reclamation  service.  This  assertion  of  title,  under  oath, 
and  verification  by  the  tax  records  would  undoubtedly  be  sufficient  to 
protect  the  Government  against  fraud  in  this  direction,  and  the  expense 
of  ti'acing  down  the  title  would  be  thus  avoided. 

Negotiations  for  the  purchase  of  land,  rights  of  way,  water  rights, 
or  other  property  should  be  made  as  representing  the  Secretary  of  the 
Interior,  for  and  on  behalf  of  the  United  States  of  America.  Authority 
to  act  in  this  capacity  will  be  given  by  the  Director  of  the  Geological 
Survey  to  the  person  designated  to  take  up  the  work. 
iRB  93—04 7 
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In  connection  with  some  of  the  projects  it  may  be  necessary  to  make 
a  thorough  examination  of  the  water  rights  of  record.  The  conditioas 
involved  in  each  project  will  determine  whether  such  examinations  are 
necessarj^  and  also  whether  other  special  examinations  of  particular 
ti^^cts  or  claims  are  required  for  the  proper  consideration  of  the  detaiU 
of  the  project.  When  the  engineer  has  made  a  complete  study  of  the 
water  right  and  other  conditions  affecting  the  proposed  work  he  should 
make  full  report  thereon  to  the  chief  engineer,  with  recommendation 
as  to  the  method  of  dealing  with  them. 

LAND    PURCHASES. 

The  reclamation  law,  section  7,  authorizes  the  Secretary"  of  the 
Interior  to  acquire,  if  necessary,  rights  to  property  b}-  purchase  or 
condemnation.  It  is  preferable  to  make  every  reasonable  effort  to 
obtain  favorable  terms  by  purchase  rather  than  to  resort  to  the  tedious 
and  sometimes  uncertain  processes  of  law  for  condemnation.  The 
procedure  for  the  purchase  of  land  by  the  Secretary  is  as  follows: 

When  the  work  on  any  project  has  reached  the  point  when  construc- 
tion will  soon  be  decided  upon,  the  district  engineer  will  take  steps 
looking  to  the  acquisition  of  rights  or  property  needed,  such  a.s  water 
rights,  lands,  rights  of  way,  etc.  Options  for  the  purchase  of  .such 
property  should  be  obtained  as  much  in  advance  of  construction  as 
possible,  without  committing  the  Government  to  any  particular  plan  of 
operations  prior  to  a  definite  decision  by  the  Secretary  of  the  Interior. 
The  district  engineer  must  exercise  discretion  as  to  the  best  time  for 
beginning  the  work. 

The  district  engineer  or  his  assistant  or  other  person  designated  by 
the  chief  engineer  should  examine  and  inspect  the  land  and  ascertain  all 
of  the  essential  facts  as  to  ownership;  he  should  then  endeavor  to  meet 
the  owners,  or  their  representatives,  and  agree  upon  a  price  which 
may  be  deemed  fair  and  reasonable.  In  all  such  matters  great  care 
must  be  taken  to  procure  favorable  terms,  and  to  put  them  in  writing, 
so  as  to  avoid  future  misunderstanding. 

The  vendor  is  expected  to  furnish  an  abstract  of  title  of  his  property. 
This  abstract  must  be  authenticated  in  some  form.  If  authoritv  Ls 
obtained  to  carry  out  a  form  of  procedure  now  under  consideration  by 
the  Department,  the  abstract  can  ])c  submitted  to  the  United  States 
Attorney  for  the  judicial  district  in  which  the  land  is  situated,  who 
will  make  a  thorough  examination  of  the  record  and  the  papers,  and 
place  thereon  his  certificate  in  the  form  required  by  the  Department 
of  Justice  in  other  like  cases.  These  papers,  with  his  certificate,  will 
then  be  forwarded  to  this  office  by  the  district  engineer. 

In  case  this  procedure  is  not  adopted  it  will  be  necessary  to  have 
the  abstract  of  title  certified  to  by  the  officers  having  custody  of  the 
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rc?K;ords  relating  to  land  titles,  judgiuentti,  and  taxes,  unless  some  other 
form  of  giving  evidential  value  to  the  abstract  of  title  is  provided  for 
by  the  laws  of  the  State  or  Territory.  The  district  engineer  may  adopt 
the  latter  method  if  the  local  laws  make  it  easier. 

With  the  al)stract  of  title  there  should  also  be  a  form  of  deed  which 
the  vendor  proposes  to  execute.  In  this  deed  the  United  States  of 
America  should  be  made  the  grantee,  and  it  should  contain  the  recital 
that  the  purchase  is  made  in  pursuance  of  the  provisions  of  the  act  of 
Congress  of  June  17, 1902  (32  Stat.  L.,  ^)^%).  A  duplicate  of  this  deed 
ishould  })e  retained  in  the  district  engineer's  office  in  order  that  it  may 
bc^  executed  if  the  title  is  found  satisfactory  and  the  form  of  deed 
submitted  to  the  Department  is  approved. 

In  forwarding  these  papers  to  the  chief  engineer  the  district  engi- 
neer will  submit  a  statement  covering  the  following  principal  points: 
First.  That  the  land  is  necessary  for  the  purpose  authorized  by  the 
reclamation  law. 

Second.  That  the  persons  with  whom  a  tentative  arrangement  has 
been  made  are  competent  and  authorized  to  make  such  tentative  propo- 
sition. 

Third.  That  the  price  tentatively  agreed  upon  is  fair,  and  that  no 
more  favorable  rates  can  be  obtained  by  ordinary  methods,  together 
with  a  definite  recommendation  for  the  purchase.  In  this  connection 
statements  should  be  given  as  to  the  cost  or  selling  price  of  adjacent 
or  similar  property. 

Fourth.  A  statement  of  the  arrangements  to  be  made  for  the  pay- 
ment of  any  taxes  due  or  any  other  lien  on  the  property. 

It  may  be  necessary  to  consider  other  items  in  various  purchases, 
and  these  must  be  anticipated  by  the  engineer  when  the  papers  are 
transmitted. 

These  papere  are  submitted  to  the  Secretary  of  the  Interior  with 
suitable  recommendations.  They  are  considered  and  passed  upon  by 
the  Assistiint  Attorney-General  for  the  Department  of  the  Interior. 
If  the  title  as  shown  by  the  papers  is  satisfactory  the  chief  engineer 
will  so  notify  the  district  engineer.  The  deed  should  then  be  executed 
and  recorded,  whereupon  payment  for  the  land  will  be  made. 

Whenever  a  disbursing  officer  is  in  the  field  at  a  point  convenient  to 
the  place  where  the  purchase  is  made,  he  may  make  the  payment 
under  the  following  conditions:  The  deed,  executed  in  the  form 
approved  by  the  Secretary  of  the  Interior  and  duly  recorded,  must 
be  delivered  to  him,  and  also  certificates  from  the  county  recorder  and 
the  clerk  of  the  county  court  showing  that  no  instruments  have  been 
placed  of  record  in  their  offices  affecting  the  title  to  the  lands  in  ques- 
tion between  the  date  of  their  certificates  forming  part  of  the  abstract 
of  title  and  the  date  of  record  of  the  deed.     Upon  receipt  of  these 
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papers  the  disbursing  officer  can  make  the  payment,  for  which  the4se 
papers  will  be  sufficient  basis,  as  the  letter  of  the  Secretarj^  of  the 
Interior  approving  the  title  and  the  form  of  deed,  and  authorizing 
the  purchase,  will  be  attached  to  his  account  when  it  is  transmitted  to 
the  Treasury  Department. 

In  case  there  is  no  disbursing  officer  available  it  will  be  necessary  to 
send  the  executed  and  recorded  deed  to  the  Washington  office  of  the 
Survey  with  the  certificates  of  the  county  recorder  and  the  clerk  of 
the  county  court,  whence  they  will  be  transmitted  to  the  Tr^u^urv 
Department  through  the  Secretary  of  the  Interior.  A  warrant  will 
then  be  drawn  by  the  Treasury  Department  and  foi-warded  to  the 
vendor. 

The  various  operations  of  transmitting  and  examining  the  papers  in 
the  several  offices  require  time,  and  in  all  cases  the  party  selling  the 
land  must  be  assured  that,  after  the  terms  of  sale  have  been  agreed 
upon,  a  reasonable  time  must  elapse  for  the  transmission  and  exami- 
nation of  the  papers  and  the  final  payment.  This  routine  will  rttjuire, 
as  a  rule,  thirty  to  sixty  days  if  the  title  is  not  defective  in  the  first 
instance. 

Authority  to  enter  upon  negotiations  for  options  or  for  purcha.so 
can  be  procured  on  application  to  the  chief  engineer,  and  these  nego- 
tiations are  subject  to  the  approval  of  the  Secretary.  Various  forms 
of  option  have  been  provided  for  use  in  the  purchase  of  lands  and 
for  acquiring  right  of  way  for  canals  or  reservoirs,  copies  of  which 
can  be  had  upon  application.  In  securing  these  options  it  is  not  cus- 
tomaiy  to  make  the  actual  payment  of  the  "dollar"  mentioned,  and  if 
such  payment  is  made  it  can  not  be  recovered  upon  the  usual  form  of 
account. 

Most  of  the  lands  purchased  are  within  reservoir  sites  or  at  points 
where  the  improvements  must  be  ultimately  destroyed  or  abandoned. 
When  it  becomes  apparent  that  certain  improvements  must  be  aban- 
doned or  destroyed,  all  movable  property  not  needed  for  the  reclama- 
tion service  should  be  sold  at  public  auction,  in  accordance  with  law 
and  the  rules  of  the  Department.  Suitable  adv'ertisement  of  the  sale 
should  be  made,  or  notices  should  be  posted,  and  the  expense  of  adver- 
tising, services  of  auctioneer,  etc.,  should  be  deducted  from  the  pm- 
ceeds,  which  should  then  be  transmitted  to  the  chief  engineer,  to  he 
forwarded,  through  the  proper  channels,  to  the  Treasury  Department. 

LAND  AND  WATER  TITLES. 

In  each  project  there  are  involved  tracts  of  land  in  private  owner- 
ship and  waters  claimed  by  individuals  for  pui-poses  of  irrigation, 
power,  or  other  uses,  and  it  is  necessarj'  to  make  a  careful  examination 
of  the  character  of  the  title  to  the  land  and  of  the  actual  uses  of  the 
water.     For  this  purpose  suitable  blanks  and  notebooks  have  been 
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prepared,  and  instructions  given  by  various  district  chiefs.  As  an 
example  one  of  these  blanks  is  appended  herewith — that  used  in  the 
State  of  Washington: 

Dbpartmsnt  of  the  Interior, 
United  States  Geological  Survey. 

Report  on  irrigation  canaki  taking  water  from River  in 

County,  State  of  Washington. 

I do  affirm  the  following  to  be  a 

true  statement  of  facts  concerning  the  irrigating  ditch  which  I  nse  to  irrigate  the  land 
described  as  follows: 

which  1 1^^ I  have 

acres  of  land  under  cultivation, acres  of  which  I  irrigate. 

I  have  ample  supply  of   water  during   During    the 

months  of I  have 

My  canal  is miles  long  and  connects  with 

The  cost  of  repairs  on  my  ditch,  including  my  own  and  all  other  labor,  is 

per  year.     I  began  t<:)  use  water  on  the  land  about and  do 

not  need  it  for  purposes  of  irrigation  after I  use  the  water 

for I  generally  turn  the  water  off  from 

the  ditch 

I  pay  $ annually  to  for  taking  water  from 


Sign  here 


In  obtaining  the  above  information  two  principal  objects  were  in  view. 
First,  to  obtain  evidence  as  to  how  much  water  was  being  used  per 
acre  of  land  irrigated,  and,  second,  to  record  before  any  probable  legal 
complications  arise  a  signed  statement  from  the  irrigator  as  to  how 
much  land  was  irrigated  and  from  what  sources.  In  the  future  there 
will  doubtless  arise  difficulties  in  dealing  with  some  of  these  people 
and  evidence  of  this  kind  will  be  valuable  in  making  settlements. 

RIGHT  OF  WAY  FOR  CANALS. 

The  use  of  public  lands  for  right  of  way  for  canals  and  laterals  con- 
structed by  the  reclamation  service  is  provided  for  by  the  act  of  Oct. 
2^  1888  (25  Stat.  L.,  526).  There  is  also  a  reservation  of  right  of  wa}' 
for  canals  constructed  by  the  United  States  affecting  all  lands  disposed 
of  subsequent  to  that  date.  The  following  circular  has  been  issued 
concerning  the  matter: 

Department  of  the  Intebiob, 

United  States  Geological  Subvey, 

Washington,  D,  C,  August  15, 190S, 
To  (Jie  engineers  in  charge  of  projects  of  the  redamaiion  service: 

There  i«  lierewith  transmittecl  a  circular  (9-263)  for  use  in  claiming  rights  of  way 
to  which  the  United  States  is  entitled  for  ditches  or  canals  construct^l  by  the  recla- 
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mation  service.  This  fonn  has  been  approved  by  the  Secretary  of  the  Interior.  ai.ii 
such  copies  as  may  be  needed  can  be  furnished  on  application. 

Engineers  using  this  circular  will  keep  a  duplicate  record  of  the  names  of  perH»n< 
to  whom  they  have  been  sent  and  the  lands  6i)e<*ified  in  each  case.  One  <-opy  <»f  si>-b 
list  should  be  for^'arded  to  this  office  and  the  other  retained  in  the  filets  of  the  ItK-al 
engineer. 

These  circulars  should  be  used  only  after  a  canal  line  has  been  finally  IcHrate*!,  and 
it  is  specially  important  that  they  should  not  be  sent  out  when  such  action  i«  likely 
to  complicate  negotiations  for  rights  of  way  for  other  lands.  The  8en<liiig  of  i*uvh 
circulars  will  commit  the  reclamation  service  to  a  particular  canal  location,  and  if 
prematurely  sent  out  would  encourage  those  from  whom  rights  of  way  luiitn  U- 
acquired  by  negotiation  to  demand  greater  compen.*«ition  than  they  might  otherwl-^ 
ask. 

F.  II.  Nkwelt.,   Chief  J'^iigiiieer. 

9-263. 

Depaktment  op  the  Interior, 

Unitei)  States  Geological  Survey, 

Washingionj  D.  C, 

Mr 


Sir: 

The  reclamation  service  established  under  authority  of  the  Secretary  of  the  Interior 
in  pursuance  of  the  act  of  Congress  of  Jime  17,  1902  (32  Stat.  L.,  1^8),  is  aliont  t<> 

undertake  the  construction  of  a  ditch  or  canal  across  lands  in  sei^tion T. 

,R , M.,  of  which  it  is  understoo<i  that  you  are 

the  owner. 

An  examination  of  the  records  of  the  ITnitcd  States  Land  OfHce  shows  tliat  y<»iir 
entry  was  made  sul>«equent  to  October  2,  1888,  and  that  the  lands  inchwied  tlien^in 
are  accordingly  subject  to  the  following  provision  of  law: 

"That  in  all  patents  for  lands  hereafter  taken  uj)  under  any  <jf  the  lan<l  lawn  of  the 
United  States,  or  on  entries  or  claims  validated  by  this  act  west  of  the  one  hundn^lih 
meridian,  it  shall  be  expressed  that  there  is  reserved  from  the  lands  in  said  iKitmt 
descri))ed  a  right  of  way  thereon  for  ditches  or  canals  constructed  by  the  authority 
of  the  United  States."     (Act  of  August  30,  1890;  26  Stat.  L.,  391.) 

The  entries  or  claims  validated  ])y  that  act  are  such  as  may  be  a.sserte<l  under 
entries  made  sul)sequent  tx>  ()ct^)l>er  2,  1888,  an  held  by  the  Department  in  the  c-imi- 
lar  of  Octol)er  5,  1893.  (See  vol.  17,  p.  521,  of  the  Decisions  of  the  Department  <»f 
the  Interior  relating  to  public  lands. ) 

It  is  a(;cordingly  intended  to  exercise  the  right  conferre<i  by  this  law,  an«l  to  take 
necessary  right  of  way  across  the  said  lands  for  the  constniction  and  maintenance  of 
the  ditch  or  canal  required  in  connection  with  the  re(^lamation  work  authorizinl  lunler 
the  act  of  June  17,  1902. 

For  information  concerning  the  location  of  the  proposed  canal  or  ditx-h  you  an^ 
referred  to  the  engineer  in  charge,  Mr ,  at ^ 

You  are  further  informed  that  you  will  l)e  entitle<l  to  receive  water  for  the  irri^- 
tion  of  your  lands  from  the  said  canal  or  dittih,  in  acconlanc^e  with  the  provision.^  of 
of  the  said  a<,'t  and  regulations  authorized  thereunder  by  the  Secretary  of  the  Interior. 
Very  respectfully, 

CiiAii,  D.   Walcxxit,  Director. 
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NOTICE  OF  APPROPRIATION  OF  WATER. 

Section  8  of  the  reclamation  act  provides  that  the  Secretary  of  the 
Interior,  in  carrying  out  the  provisions  of  the  act,  shall  proceed  in 
conformity  with  the  laws  of  anj'  State  or  Territory  relating  to  the  con- 
trol, appropriation,  use,  or  distribution  of  water  used  in  irrigation. 
Before  the  tiling  of  the  first  notice  of  appropriation  of  water  in  any 
State  the  matter  of  the  advisability^  of  making  such  filing  should  be 
submitted  to  the  chief  engineer,  because  some  of  the  State  laws  may 
be  such  that  it  is  impossible  to  comply  with  them  in  conducting  opera- 
tions under  the  reclamation  ac^t. 

The  following  is  a  general  f onn  of  notice  of  appropriation  of  water, 
submitted  as  a  guide  for  engineers  who  file  such  noticc^s.  Authority 
to  act  in  the  name  of  the  Secretary  of  the  Interior  (»an  be  obtained  by 
applying  to  the  chief  engineer,  who  will  obtain  the  same  from  the 
Director,  the  latter  being  empowered  by  the  Secretary  of  the  Interior 
to  designate  suitable  persons  to  act  in  his  behalf. 

In  many  cases  it  will  be  necessary  to  vary  this  form  of  notice  in 
order  to  meet  the  requirements  of  the  local  laws.  When  such  a  notic^e 
has  been  prepared  it  is  advisable  to  submit  a  copy  to  the  United  States 
district  attorney,  calling  his  attention  to  the  instructions  of  the 
Attorney-Geneml,  dated  September  14,  1908,  providing  for  giving 
advice  to  the  engineers  of  the  reclamation  service,  concerning  the 
preparation  of  such  notices,  and  requesting  any  suggestions  which  he 
may  have  to  offer  in  regard  to  the  form  submitted.  The  original 
notice,  with  evidence  that  it  has  been  recorded  in  the  proper  State  or 
Terrilx>rial  office,  should  l>e  promptly  forwaixled  to  the  chief  engineer. 

I*X>RM   or   NOTICE   OF   WATER   APrUOPRIATTION. 

,  Engineer,  United  Statues  (ieolopieal  Survey,  thereunto 

duly  authorized  by  the  Secretary  of  tlie  Interior,  for  and  on  lM>haIf  of  the  Ignited 
States  of  America,  under  the  pn)viHion8  of  the  act  of  ConpresH  appn)ved  June  17, 
1902  (32  Stat.  L.,  388) ,  claimn,  at  the  point  where  this  notice  in  jxwted,  all  the  unappro- 
priated waters  of  the River,  both  8urfa<'e  and  underflow, 

more  specificailly  stated  aH  amounting  to cubic  fet^t  ])er  second. 

This  notice  is  posted  on ,   190..,  on  a tree  on 

the bank  of   the River,    in   nee 

T R , M.,  at  a  point  distant feet  and  l)ear- 

ing from  the corner  of  said  section. 

The  water  is  to  l)e  used  for  irrigation,  domestic,  power,  mechanical,  and  other 

beneficial  uses  in  and  upon  lands  situated  in counties,  and 

located  in  the  following  townships: 


The  water  hereby  appropriate!  is  to  l)e  stored  by  means  of  a  dam  located  in  sec. 

,  T ,  R ,  in  a  reservoir  located  in  Ts ,  R. 

,  and  will  be  conducte<l  to  the  |K)ints  of  intended  use  by  means  of  canals, 
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flumes,  pipes,  tunnels,  or  other  appropriate  means  of  conveying  water,  of  the  follow- 
ing dimensions,  ,  or  such  other  equivalent  dimensions  and  gra«le  as 

will  give  a  capacity  of cubic  feet  per  second. 

AFFIDAVIT. 

being  duly  sworn,  deposes  and  says  thaton , 

190..,  he  did  ix)8t  a  notice  of  appropriation  of  water,  of  which  the  foregoing  is?  a 

copy,  for cubic  feet  per  second  of  the  waters  of 

River,  on  a tree  at  a'point  described  as  follows: (Describe 

exactly  as  in  notice.) 

Following  is  a  copy  of  a  notice  actually  filed  with  the  recorder  of 
Riverside  County,  Cal.,  and  posted  as  indicated: 

Notice  is  hereby  given  that  Edmund  T.  Perkins,  thereunto  duly  authorized  by  the 
Secretary  of  the  Interior,  for  and  on  behalf  of  the  United  States  of  America,  and 
under  the  provisions  of  an  act  of  Congress  approved  June  17,  1902,  claims  at  the 
point  where  this  notice  is  posted  all  unappropriated  waters  of  the  Colorado  Ri\*er, 
both  surface  and  under  flow,  to  the  extent  of  100,000  cubic  second-feet — 4,000,01)0 
miners*  inches.  The  point  where  this  notice  is  posted  is  described  as  follows:  A 
point  of  rocks  known  as  Black  Point,  in  California,  county  of  Riverside,  abont  set*- 
tion  7,  township  5  south,  range  24  east,  San  Bernardino  meridian,  California.  The 
notice  is  posted  on  a  box  nailed  to  a  tree. 

The  said  water  is  claimed  for  irrigation,  manufacturing  purposes,  water  power, 
domestic  use,  and  other  beneficial  uses,  and  the  terminus  and  place  of  its  intended! 
use  is  in  the  valley  extending  from  said  point  along  the  Colorado  River  to  and  bt-low 
Picacho,  Cal.,  and  along  the  line  of  a  proposed  conduit.  The  water  will  be  divert«><l 
by  means  of  a  diversion  dam  and  will  be  conveyed  through  canals,  "flumes,  wooden, 
iron,  steel,  and  cement  pipes  to  the  place  of  intended  use.  The  size  of  the  canal 
wall  be  100  feet  wide  on  the  bottom  and  10  feet  deep,  or  of  such  dimensions  as  will 
give  it  an  equivalent  caimcity.  The  size  of  the  conduits  are  to  be  such  as  to  give 
them  sufficient  capacity  to  carry  the  amount  of  water  required. 

LAND  CLASSIFICATION. 

The  detailed  topographic  suitc}^  of  irrigable  lands  should  be  followed 
at  once  by  a  cla^jsification  of  such  character  that  it  will  be  possible  to 
divide  the  lands  into  farms  capable  of  supporting  a  family.  A  farm 
unit  may  be  40,  80,  120,  or  160  acres.  Lots  as  designated  on  the 
official  township  plots  may  be  used  b}'  themselves  or  with  4<)-acre  trac!t<. 
Sufficient  knowledge  must  be  had  of  each  40-acre  tnict  to  enable  the 
preparation  of  a  map  of  each  farm. 

The  subdivision  of  the  irrigable  lands  into  farm  units  is  one  of  tne 
most  important  duties  of  the  reclamation  service.  The  following  cir- 
cular of  September  3,  1903,  has  been  issued  as  a  guide  for  such  work: 

Dkpabtment  of  the  Interior, 

United  States  Geological  Survey, 

Waahingtonj  D.  C,  September  S^  1903, 

To  the  Engineers  in  Charge  of  Reclamation  Projects: 

By  decision  of  the  Secretary  of  the  Interior,  under  date  of  August  21,  the  reclama- 
tion service  is  authorized  to  classify  and  combine  the  different  subdivisions  within 
lands  wuthdrawn  for  irrigation  under  the  reclamation  ac:t  so  as  to  make  practically 
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homestead  Begregations  of  tlie  entire  territory  under  any  one  project,  specifying  the 
fkarticular  legal  sii))divisionH  that  shall  constitute  each  entry  as  to  all  public  land 
included  in  the  withdrawal.  Such  segregations  of  homestead  entries  must  be  by 
legal  subdivisions  (40-acre  tracts  or  lots)  and  be  limited  to  an^as  of  not  less  than  40 
nor  more  than  160  acres.  All  the  subdivisions  forming  each  entry  must  be  of  con- 
tiguous tracts.  Two  tracts  containing  only  a  corner  in  common  are  not  contiguous, 
nor  in  general  are  they  contiguous  when  separated  by  an  existing  meandereil  stream. 
The  home*steatl  entries  so  segregated  may  be  of  different  areas  in  the  same  project, 
the  intent  being  to  provide  in  each  homestead  entry  such  (juantity  and  quality  of 
irrigable  land  as  shall  l)e  sufficient  for  the  support  of  a  family. 

This  classification  of  the  lands  will  be  reporte<l  by  the  Director  of  tlie  (geological 
Surs'ey  to  the  Secretary  of  the  Interior  for  incorporation  in  the  public  notice  of  the 
lands  irrigable  under  each  project,  as  re<]uired  by  section  4  of  the  re(*lamation  act. 
In  submitting  such  list  the  area  of  irrigable  land  in  each  entry  should  be  specified, 
as  it  w^ill  form  the  basis  of  the  payment  retiuired  for  the  water  supplied  from  the 
irrigation  works  of  the  reclamation  service. 

Very  respectfuUy,  F.  II.  Nbwell, 

Chief  Engineer 

In  order  that  the  lands  withdrawn  for  the  purposes  of  the  reclama- 
tion service  may  be  protected  against  acquisition  by  parties  making 
desert-land  entries  before  the  withdrawal  became  effective,  the  Secre- 
tary of  the  Interior  has  ordered  that  before  the  accepttince  of  final 
proof  on  desert  entries  within  withdrawn  areas,  the  land  shall  be 
examined  and  reported  on  by  engineers  of  the  reclamation  service. 

The  restoration  and  re-marking  of  public-land-survey  corners  by  the 
engineers  and  topographers  of  the  reclamation  service  on  lands  with- 
di'awn  under  the  reclamation  act  has  also  been  authorized. 

The  circular  of  July  21, 1903,  covering  both  of  these  subjects,  follows: 

Department  of  the  Intebior, 
UNrrED  States  GBOLooirAL  Survey,  Rec^lamation  Service, 

Witshington,  7).  C,  July  21,  1903. 

PINAL   PROOF  OF   DEHERT-LANI)    ENTRIES. 

By  orrler  of  the  Secretary  of  July  6,  1903,  the  reclamation  {service  will  report  on 
all  desert-land  entries  for  which  final  proof  is  offered  when  tlie  lands  involved  are 
included  within  withdrawals  under  the  reclamation  act.  This  office  will  l)e  promptly 
advifled  of  the  offer  to  make  such  final  proof;  you  will  be  notified  thereof  and  will, 
as  Boon  as  possible  thereafter,  haye  the  land  inspected  by  one  of  your  (u^sistants  u{)on 
whose  discretion  and  judgment  you  can  rely.  It  is  im[X)rtant  that  your  re])ort  be 
promptly  forwarded  to  tlus  office,  in  order  that  there  shall  be  no  delay  in  the  dispo- 
sition of  these  cases  bv  the  General  Land  Office. 

Inclosed  herewith  are  several  copies  of  a  circular  (X)ntaining  all  the  provisions  of 
law  concerning  desert-land  proofs,  together  with  the  regulations  thereunder.  Other 
copies  can  be  furnished  if  desired. 

PUBLIC-LAND  SURVEYS. 

By  order  of  the  Department  of  July  14,  1903,  the  engineers  and  topographers  of 
the  reclamation  service  are  authorize<l  to  restore  and  re-mark  anv  corners  of  the 
public-land  surveys  which  may  be  found  to  have  been  destroyed  or  obliterated  in 
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whole  or  in  part  upon  the  lands  included  within  withdrawals  under  th3  reclamatioQ 
act.  In  the  work  done  in  this  connection  the  rules  in  the  circular  on  the  RestoradoD 
of  Lost  or  Obliterated  Comers,  issued  by  the  General  Land  Office,  March  14,  1901, 
and  the  requirements  of  the  Manual  of  Surveying  Instructions  for  the  Survey  of 
Public  Lands  issued'  by  the  General  Land  Office  must  be  followed. 

In  restoring  comers  it  is  important  that  there  shall  be  no  interference  with  vested 
rights  where  the  lands  have  been  settled  upon  and  that  no  comer  should  be  regarded 
as  missing  until  diligent  search  has  been  made  for  evidences  of  ita  original  locatioiL 

For  this  work  it  will  generally  be  necessary  to  have  copies  of  the  field  notes  on  file 
in  the  office  of  the  surveyor-general  of  the  State  or  Territory  in  which  the  work  i:^ 
located. 

The  topographers  and  engineers  should  keep  careful  and  complete  record  of  field 
notes  of  the  work  with  descriptions  of  comers  established,  in  the  manner  required 
by  the  regulations  of  the  Land  Office.  Such  field  notes  should  be  kept  on  file  in 
the  office  of  the  engineer  in  charge. 

No  corners  arc  to  be  reestablisheti  or  re-marked  unless  they  are  required  for  the 
classification  of  irrigable  lands  or  for  the  identification  of  lands  the  title  to  which 
must  be  acquired. 

There  is  herewith  transmitted  a  copy  of  the  circular  on  the  Restoration  of  Loet  or 
Obliterated  Corners,  approved  March  14, 1901,  and  also  a  copy  of  the  Manual  of  Sur- 
veying Instructions.  Additional  copies  of  these  circulars  can  be  obtained  on  reqae^ 
but  you  are  advised  that  copies  of  the  manual  should  be  carefully  preserved,  as  the 
published  edition  is  not  very  large. 

F.  H,  Newell,  Chief  Enffineer, 

General  suggestions  as  to  the  withdrawal  and  classification  of  lands 
have  been  given  in  the  book  of  Instructions,  beginning  on  p>age  96. 
Additional  suggestions  are  desired  from  men  in  the  field,  such  ss  may 
lead  to  the  preparation  of  more  specific  instructions,  based  upon 
experience. 

Cooperation  is  being  had  in  some  cases  with  the  Bureau  of  Soils  of 
the  Department  of  Agriculture,  and  memoranda  have  been  prepared 
with  reference  to  the  examinations  of  lands  along  Colorado  River: 

FORMATION  OF  ASSOCIATIONS. 

TVTien  it  appears  probable  that  any  particular  project  is  practicable 
and  will  be  carried  into  effect,  steps  should  be  taken  looking  toward 
the  organization  of  an  association  of  the  people  owning  land  under  the 
project.  This  law  is  very  general  in  terms,  and  it  is  neces.sary  to 
supply  b}'  administrative  aetion  a  body  of  rules  and  regulations  cov- 
ering such  associations. 

The  object  of  these  associations  is  to  enable  prompt  and  effective 
dealing  between  the  Secretary  of  the  Interior,  represented  by  the 
engineers  of  the  reclamation  service,  and  the  water  users.  The  latter 
should  have  a  common  agent  with  whom  business  may  be  transacted, 
so  that  it  will  be  practicable  to  reach  definite  conclusion  on  points  that 
may  be  at  issue.    It  is  impossible  to  deal  satisfactorily  with  the  indi- 
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v'iduals  of  a  commuiiitv  where  the  membera  have  had  little  or  no 
experience  in  irrigation,  and  where  there  is  wide  diversit}'  of  opinion 
on  matters  of  detail.  When  an  asHOciation  in  formed,  in  which  the 
majority  rules,  it  is  possible  to  refer  to  it  all  questions  relating  to 
ipirator  distribution  and  all  other  questions  that  form  sources  of  indi- 
vidual discontent,  leaving  these  to  l)e  settled  under  State  laws  or 
custi)ms,  or  according  to  the  wishes  of  the  majority  in  interest. 

Much  time  and  thought  has  Ikhmi  devoted  l)v  many  persons  to  the 
formation  of  these  associations,  and  in  particular  the  matter  has  been 
worked  out  with  great  care  in  the  Salt  River  Valley,  Arizona.  The 
re^sults  of  this  work  will  be  presented  by  Mr.  B.  A.  Fowler,  the 
president  of  the  Salt  River  Valley  Water  Users'  Association,  and  refer- 
ence should  be  made  to  pages  130-138  for  the  principal  facts.    . 

WORK  IN  HAND. 

The  following  paragraphs  give  briefly  the  present  condition  of  the 
work  in  each  of  the  sixteen  Stjites  and  Territorities.  This  is  being 
pushed  forward  as  rapidly  as  possible  consistent  with  economy  of 
administration  and  efficient  organization  of  the  experienced  men 
available. 

In  Arizona  detailed  surveys  in  connection  with  the  proposed  dam  on 
Salt  River,  at  the  mouth  of  Tonto  Creek,  have  been  continued,  and 
plans  have  been  made  for  a  power  plant,  cement  mill,  and  other 
structures  essential  to  the  construction  of  the  great  dam.  An  organiza- 
tion of  the  water  users  has  been  effected,  and  ample  time  is  afforded 
for  holders  of  arid  land  to  indicate  their  wishes  as  regards  obtaining 
a  supply  of  water  from  the  Goverimient  reservoir,  if  constructed.  The 
public  lands  in  the  Salt  River  Valley  have  been  withdrawn  from  entry 
under  the  tt^rms  of  the  law,  to  be  reclaimed  if  there  should  be  suffi- 
cient water  for  an}^  considerable  part  of  these.  An  alternative 
project — that  near  San  Carlos,  on  Gila  River — has  also  been  under 
considei^ation,  and  facts  have  been  obtained  concerning  its  feasibility. 
Other  surveys  and  reconnaissances  have  been  made  in  various  localities, 
notably  along  Colorado  River. 

In  California  the  most  important  work  done  has  })een  that  in  con- 
nection with  the  stoi'age  and  utilization  of  the  waters  of  Colorado 
River,  in  the  southeastern  part  of  the  State.  Any  project  here  must 
prolmbly  be  of  considerable  magnitude,  the  complete  utilization  of  the 
river  being  in  some  respects  analogous  to  the  achievements  of  the 
British  engineers  on  the  Nile,  in  Egypt.  Examinations  have  also  been 
made  in  the  Sacramento  and  San  Joaquin  valleys,  and  facts  have  been 
obtained  upon  which  to  base  a  comparison  of  various  projects  and  a 
determination  of  their  relative  cost  and  importance. 
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In  Colorado  attention  has  been  given  principally  to  the  tunnel  which 
it  is  proposed  to  build  to  convey  the  waters  of  Gunnison  River  to  the 
Uncompahgre  Valley,  in  the  vicinity  of  the  towns  of  Montros**  and 
Delta.  An  examination  has  also  been  made  of  the  propcsed  high- 
line  canal  from  Grand  River,  near  Grand  Junction,  and  of  the  feasi- 
bility of  diverting  and  storing  the  flood  water  of  South  Platte  River 
in  the  vicinity  of  Sterling.  A  general  reconnaissance  has  also  l>een 
begun  in  the  northwestern  part  of  the  State. 

In  Idaho  opportunities  have  been  found  at  several  places  for  reclaim- 
ing arid  land  b}-  using  the  waters  of  Snake  River  and  its  tributaries, 
especially  by  utilizing  as  reservoirs  the  lakes  at  the  headwaters  of 
Snake  River.  A  large  tract  of  land  has  been  reserved  on  the  Snake 
River  .Desert,  in  the  vicinity  of  the  town  of  Dulx)is;  another  tract 
reserved  lies  below  American  Falls,  near  Minidoka;  a  third  project 
contemplates  the  irrigation  of  lands  lying  between  Boise  and  Paj'ette 
rivers,  west  of  the  cit}'^  of  Boise. 

In  Kansas  a  number  of  small  projects  have  been  examined,  but  none 
of  these  appear  to  fall  within  the  scope  of  the  reclamation  law.  A 
very  thorough  study  has  been  made  of  western  Kansas  and  of  the 
Great  Plains  in  general,  in  order  to  ascertain  the  opportunities  for 
obtaining  deep  or  artesian  water.  A  map  showing  the  depth  to  the 
water-bearing  strata  and  the  probabilit}'  that  the  water  will  rise  to  the 
surface  has  been  prepared  and  is  in  process  of  publication. 

In  Montana  surveys  have  been  made  for  canals  along  Milk  River, 
and  steps  have  been  taken  to  procure  the  necessary  reseivoir  sites.  A 
general  reconnaissance  has  also  been  begun  in  the  central  part  of  the 
State,  between  Missouri  and  Yellowstone  rivers,  and  examination  has 
been  made  of  the  opportunities  for  diverting  the  Yellowstone  in  the 
ea-stern  part  of  the  State. 

In  Nebraska  the  principal  opportunities  for  reclamation  are  bound 
up  with  the  complete  use,  storage,  and  utilization  of  the  watei-s  of 
North  Platte  River.  The  reservoir  sites  are  in  the  State  of  Wvominff. 
An  examination  has  been  made  of  these,  and  also  of  the  feasibility  of 
covering  arid  land  in  the  western  part  of  Nebraska  by  canals  heading 
in  Wyoming. 

In  Nevada  construction  has  been  begun,  as  alreatly  stated,  in  the 
Truckee  Canal,  taking  water  from  the  river  of  this  name,  the  head  of 
the  canal  being  in  the  canyon  below  Reno  and  above  the  town  of 
Wadsworth.  This  canal  will  take  the  flood  or  excess  waters  of  Truckee 
River  to  a  reservoir  site  on  the  lower  part  of  Carson  River,  from  which 
the  water  can  be  conducted  out  upon  the  desert  lands  lying  to  the 
east. 

In  New  Mexico  a  numl>er  of  suiveys  have  been  made  upon  Pecos 
River  and  the  Rio  Grande.     On  the  former  stream  the  princii^il  locali- 
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ties  are  above  Boswell,  at  what  is  known  as  l^rton  Ijako,  and  below 
Roswell  on  Hondo  River.  Maps  of  reservoir  .sites  on  the  Rio  Gninde 
above  the  Mesilla  Valley  are  also  being  prepared. 

North  Dakota  presents  few  problems  of  national  importance.  The 
principal  water  supply  of  the  State  is  found  in  Missouri  River,  the 
fall  of  which  is  so  gentle  that  canals  can  not  be  taken  from  tlie  stream. 
Tho  tributaries  of  the  Missouri  in  this  State  are  small  or  intermittent, 
or  are  bordered  by  valleys  so  narrow  that  any  considerable  development 
of  irrigation  does  not  seem  practicable.  Pumping  may  be  resorted  to, 
and  for  this  pui^pose  lignite  may  be  obtained.  The  efficiency  of  this 
method  of  irrigation  is  being  investigated. 

Oklahoma  is  in  many  respects  similar  to  North  DakoUi,  in  that  large 
reclamation  projects  are  impracticable  or  unnecessary.  The  greater 
part  of  the  Territory  lies  east  of  the  one-hundredth  meridian  and  irri- 
gation is  not  regarded  by  settlei's  as  playing  an  important  part  in  the 
agricultural  development  of  its  area.  Beaver  County,  extending  from 
the  one-himdredth  to  the  one  hundred  and  third  meridian,  is  to  a  large 
extent  arid,  but  water  must  be  supplied  to  these  lands  by  the  diversion 
and  stoi-age  of  flood  waters,  which  is  of  doubtful  practicability  on  a 
large  scale. 

In  Oregon  important  detailed  surveys  arc  being  made  in  three 
localities,  one  of  these  being  in  Harney  County,  near  the  central  part 
of  the  State;  another  on  Malheur  River,  on  the  ea^st;  and  the  third  on 
Umatilla  River,  near  the  northern  boundary.  Each  of  these  projects 
has  certain  advantages  and  difficulties,  and  a  very  careful  examination 
must  be  made  before  the  feasibility  and  relative  merits  of  these  can  be 
known. 

In  South  Dakota  there  are  apparent  opportunities  for  reclamation 
in  areas  near  the  Black  Hills.  Several  small  streams  issue  from  this 
group  of  hills,  and  storage  of  flood  waters  is  believed  to  bo  practicable. 
Tlie  principal  opportunity  for  reclamation  thus  far  discovered  is  that 
near  Belle  Fourche,  but  other  irrigable  lands,  mainly  in  private  owner- 
ship, have  been  noted  east  of  Rapid  City. 

In  Utah  the  people,  through  a  State  commission,  have  asked  that 
first  attention  be  given  to  Utah  Lake.  This  body  of  water  receives 
the  drainage  from  a  considerable  part  of  the  mountain  area  in  the 
center  of  the  State,  and  the  greater  portion  of  this  water  is  lost  by 
evaporation.  The  problem  is  largely  to  prevent  by  one  means  or 
another  this  enonnous  waste,  which  has  been  estimated  to  be  equiva- 
lent to  1,000  cubic  feet  per  second  during  the  irrigating  seaison. 
Another  project  under  examination  contemplates  the  use  of  Bear  Lake, 
which  lies  partly  in  Idaho  and  partly  in  Utah. 

In  Washington  the  great  body  of  irrigable  land  is  in  the  central 
part  of  the  State,  within  what  is  known  as  the  great  bend  of  the 
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Columbia.  This  land  is  below  the  level  of  Spokane  River,  at  the  foot 
of  Spokane  Falls,  and  ma}-  be  reached  by  water  from  this  or  other 
sources  if  the  cost  is  not  prohibitory.  The  scheme  is  gigantic  in  its 
proportions,  and  its  feasibility  can  not  definitely  be  determined  without 
careful  survevs.  Similar  bodies  of  land  north  of  the  Columbia  and 
near  Okanogan  can  bo  reclaimed  probably  at  less  cost. 

Wyoming  contiiins  mountain  masses  from  which  come  several  of  the 
larger  rivers  of  the  arid  region.  The  altitude  is  high,  but  there  are  a 
number  of  opportunities  for  reclaiming  desert  land.  The  most  notable 
of  these  is  in  the  vicinity  of  Cody,  in  the  Bighorn  Basin.  Surveys 
have  been  made  in  this  area,  and  also  on  the  east  side  of  the  Bighorn 
Mountains,  to  ascertain  the  possibility  of  storing  water  in  I^^ke  De 
Smet.  On  North  Platte  River  also  extensive  survevs  are  }K?injr  made 
to  determine  the  possibility  of  storing  its  flood  waters  for  use  in  east- 
ern Wvominof  and  western  Nebi-aska. 

As  each  of  the  projects  above  mentioned  contemplates  large  works, 
requiring  construction  that  is  more  or  less  involved  in  character,  and 
as  hydraulic  works  are  diflicult  to  build,  and  all  questions  of  safety 
and  stability  must  be  settled  in  advance  with  great  care,  it  is  necessary 
to  make  examinations  with  unusual  thoroughness.  Instructions  are 
given  to  ascertain  all  of  the  facts  and  to  have  every  essential  feature 
guarded  in  the  most  thorough  manner  jK)ssible.  In  this  work  it  is 
better  to  run  the  risk  of  criticism  for  slow  progress  than  rush  into 
expensive  yet  inadeciuately  considered  construction,  especially'  w^here 
safety  is  involved. 

PRINTED  FORMS. 

Some  of  the  forms  for  customary  use  in  the  various  opei-ations  are 
here  presented  for  general  information  and  discussion. 

IXDRM   OF   CONTRACT. 

Tins  AGRKEMENT,  made  and  entered  into  this day  of 

,  one  thousand  nine  hundred  and ,  by  and  l>etween  the  United  States 

of  America,  acting  in  thin  behalf  by ,  8ecretar}'  of  the  Interior, 

party  of  the  firnt  part,  and ,  iMirty  of  the 

second  part,  hia  heirs,  executors,  administrators,  and  assigns, 

WITNESSETH,  That  in  pursuance  of  authority  for  the  construction  of  irrigation 
works  contained  in  the  act  of  Congress  appro vchI  June  17,  1902  (32  Stat.,  388),  enti- 
tled **An  act  appropriating  the  receipts  from  the  sale  and  disposal  of  public  land;* 
in  certain  States  and  Territories  to  the  construction  of  irrigation  works  for  the  recla- 
mation of  arid  land,"  the  parties  hereto  have  mutually  covenanted  and  agreed,  and 
by  these  presents  do  covenant  and  agree,  to  and  with  each  other,  as  follows: 

Article  1 .  The  second  party  agrees,  under  penalty  of  a  bond  conditione<i  ujion  a  due 
compliance  with  the  provisions  of  this  agreement,  to  constnict  and  complete 


in  accordance  with  terms  of  the  attached  advertisement,  proposal,  an<l  si)ecifications, 
the  same  being  made  a  part  of  this  cnrntract,  excepting  iN  so  far  as  the  specificationH 
may  be  amended  or  modified  by  the  terms  of  this  agreement. 
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Akticlk  2.  For  aud  in  consideration  of  the  faithful  performance  of  the  stipula- 
tions of  this  contract,  the  siH-ond  i>arty  shall  he  paid,  uiH)n  the  p  resign  tat  ion  of  proper 
accounts  approved  by  the  Chief  Engineer  of  the  Reclamation  Service,  the  Director 
of  the  Geological  Survey,  and  by  the  Secretary  of  the  Interior,  in  the  following 
manner: 

Article  3. — The  contractors  must  save,  keep,  Injar  iiannlcss,  and  fully  indemnify 
the  United  States  and  any  of  its  ottii-ers  or  agents  from  ail  damages  or  claims  for 
damages,  costs,  or  exi)enses  in  law  or  ecpiity  that  may  at  any  time  arise  or  l)e  set  up 
for  any  infringement  of  the  jmtent  rights  of  any  i>erson  or  i)ersons  in  couse<iuence  of 
the  use  by  the  Dt^partment  of  the  Int-erior,  or  by  any  of  its  ofKcvrs  or  agents,  of  arti- 
I'leH  supplied  under  this  proi)08al.  and  of  which  the  contnictor  is  not  the  i)atentee  or 
assignee,  or  lawfnlly  entitU^l  to  sell  the  same. 

[Here  follows  space  for  inserting ailditionaV  articles,] 

Article — .  It  is  expressly  understocMl  by  the  se<'ond  party  that,  in  conformity 
with  the  requirements  of  section  3737  of  the  Revised  Statutes,  neither  this  contract 
nor  any  interest  therein  shall  l)e  transfcrre<l  to  any  other  party  or  ptirties,  and  that  any 
such  transfer  shall  cause  the  annulment  of  the  contract  so  far  as  the  United  States 
is  concerned;  all  rights  of  action,  however,  for  any  breach  of  this  contract  by  the 
contracting  parties  being  reserveil  to  the  United  States. 

Ahticlb — .  It  is  further  expretssly  understocMi  that  no  Member  of  or  Delegate  to 
Congress,  officer,  agent,  or  employee  of  the  (government  is  or  shall  be  admitted  to 
any  share  or  part  of  this  contract,  or  to  any  Ixenetits  which  may  arise  therefrom, 
and  the  provisions  of  sections  3739,  3740,  and  3741  of  the  Revised  Statutes  of  the 
United  States,  relating  to  contracts,  enter  into  and  form  a  part  of  this  agreement  so 
far  as  the  same  may  be  applicable. 

In  witness  whereof  the  undersigned  have  hereunto  sul)ficrilx'd  their  names  and 
affixed  their  seals  the  day  and  year  first  above  written. 

[Department  Seal.] 

,     [seal.  ] 

Secretary  of  the  Interior,  for  and  on  behalf  of  the 

United  States  of  America,  party  of  the  first  part. 

Two  witnesses  to  each  signature. 
P.  O.  address j 

P.  O.  address J 

(Executed  in  quintuplicate.) 

,     [seal.  ] 

Party  of  the  second  part. 

The  preamble  will  have  the  following  form  in  the  case  of  a  firm: 

This  agreement,  made  and  entered  into  this day  of , 

one  thousand  nine  hundred  and ,  by  and  between  the  United  States  of  Amer- 
ica, acting  in  this  behalf  by ,  Secretary  of 

the  Interior,  party  of  the  first  part,  and , 

and ,  partners,  doing  business  under  the  firm 

name  and  style  of ,  of , 

,  party  of  the  second  part,  their  heirs,  executors,  adminis- 
trators, and  assigns. 

The  preamble  will  have  the  following  form  in  the  case  of  a  corpor- 
ation : 

This  agreement,  made  and  entered  into  this day  of , 

one  thousand  nine  hundred  and ,  acting  in  this  behalf  by 
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,  Secretary  of  the  Interior,  party  of  Uie  firet  jwirt,  and 

,  of , 

,  a  corporation  duly  oi^nized  and  existing  in  the  State  of 

,  party  of  the  second  part,  its  successors  and  assigns. 


FORM   OF   BOND 


The  following"  is  a  form  of  l)ond  used  when  the  contractor  (prinei|ial) 
is  an  individual.  A  similar  form  is  used,  with  appropriate  chantres, 
when  the  principal  is  a  firm  or  a  corporation. 


BOND 

Know  all  men  by  these  pn«ents,  tliat  we, 


of ,  county  of ,  and 

State  of ,  principal,  and 

of ,  county  of ,  and 

State  of ,  and 

of ,  county  of ,  and 

State  of ,  sureties,  are  held  and  fimily  ])oun<l  luito  the 

United  States  of  America  in  the  sum  of 

dollars  ($ ),  lawful  money  of  the  United  States,  for  which  pay  men  t,  well 

and  truly  to  be  made,  we  bind  ourselves  and  each  of  us,  our,  and  each  of  our,  heir?, 
exe(!utor8,  administratorp,  and  assigns,  for  and  in  the  whole,  jointly  and  sevenilly, 
firmly  by  these  presents. 

Sealed  with  our  seals  and  attested  by  our  signatures,  at 

this day  of ,in  the  year  of  our  Lord  one  thousand 

hundred  and 

The  nature  of  this  obligation  is  such  that  if  tlie  said 

his  heirs,  executors,  aclministrators,  and  assigns,  or  any  of  them,  shall,  and  <lo  in  all 
things  well  and  truly  observ^e,  perform,  fulfill,  accomplish,  and  keep  all  and  sin^ilar 
the  covenants,  conditions,  and  agreements  whatsoever,  which  on  the  part  of  the  sai<i 

his  heirs,  executors,  administrators,  and  assigns,  are,  or  ought  to  be,  observeti,  i)er- 
formed,  fulfilled,  accomplished,  and  kept,  comprised,  or  mentioned  in  ci^rtain  arti- 
cles of  agreement,  l)earing  date  the day  of ,  one  thousand 

hundn'd  and ,  between  the  said 

and  the  said ,  Secretary  of  the  Interior,  cf >ni:t?miiig  the 


according  to  the  true  intent  and  meaning  of  said  articles  of  agreement,  and  shall 
promptly  make  payments  to  all  persons  supplying  labor  and  materials  in  the  prose- 
cution of  the  work  provided  for,  then  the  above  obligation  to  be  void;  otherwise,  to 
remain  in  full  force  and  virtue. 

In  testimony  whereof,  the  said 

as  principal . .  and , 

,  as  sureties, 
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have  hereunto  HiibscribcHl  their  handH  and  affixe<i  tlieir  seals  the  day  and  year  first 
aUove  written. 

Signed,  sealed,  and  delivered  in  the  presence  of — 


ca 
o. 

5 

P. 

'c  < 

c 

"S 
o 

C 

"i 

if 


(P.O.aildress): 


(P.O.  address): 


(P.O.  address): 


(P.O.  address): 


( P.  O.  address) : 


^  [(P.O.  address) 

State  of 

County  of. 


}-■ 


Personally  appeared  before  me  a 

in  and  for  said the  said 


[seal.] 


[SBAL.] 


[SBAL.] 


p 

P 

3 


p 

>  p 

o. 

a 

I 

a 

p 

H 


P 


[Here  insert  names  of  principal  and  sureties.] 


who  signed  the  foregoing  obligation,  and  who  made  solemn  oath  that  they  and  each 
of  them  own  and  possess  property  not  exempt  by  law  from  execution,  over  and 
above  their  debts  and  liabilities  and  free  from  incumbrances  of  the  value  of  the  sum 
of dollars. 


[Principal  and  sureties  sign.]  * 


Sworn  to  and  subscribed  as  alwve  written  before  me  this day  of 

,1 

[l.  s.]  [Magistrate's  signature.]  « 


*If  the  bond  is  executed  in  the  District  of  Columbia,  the  following  certificate 
must  be  signed  by  a  United  States  officer  other  than  a  notary  public.  If  executed 
elsewhere,  by  a  judge  of  the  United  States  court,  or  a  United  States  district  attorney 
of  the  district  in  which  the  sureties  reside. 

-. District 

1 

nil  executed  ontside  District  of  Columbia,  authority  of  the  officer  administering  oath  must  be  cer- 
tified by  the  clerk  of  a  court  of  records  under  seal  of  court. 

1KB  93—04 8 
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I  hereby  t-ertifv  that 

the  puretiefi  who  have  8iftne<l  the  foregoing  bond  are  known  to  me  as  reeidentB  of 
,  and 

citizens  of  the  United  States,  and  tliat  I  believe  them  t4)  be  amply  snfficient  eecority 
for  the  amount  thereof,  and  that  the  Ixmd  ih  goi>d. 

REGULATIONS  CONCERNING  CONTRACTS  AND  BONDS. 

The  following  paragraphs  contain  the  regulations  governing  the 
preparation  and  execution  of  contracts  and  bonds.  These  are  taken 
from  departmentiil  form  No.  1-366,  dated  April  8,  1903,  and  signed 
by  Hon.  E.  A.  Hitchcock,  Secretary  of  the  Interior: 

CONTRACTS. 

1.  Every  contract  niunt  l)e  rednce<l  to  writing  and  Hi^e<l  by  the  contractinir  parties 
at  the  end  tiiert^of. 

2.  The  i)ost-ofHce  address  of  each  party  and  witness  must  appear  in  the  contract, 
all  dates  ])Iainly  written  and  blanks  carefully  filled,  ami  all  particulars  and  con<li- 
tions  Htate<l  as  fully  and  clearly  as  i)racticable. 

3.  pA'ery  contract  must  contain  the  following  clause:  No  Member  of  or  Delegate 
to  Congress,  or  any  other  officer  or  agent  of  the  Trnite<l  States,  either  clirectly  or 
indirectly,  himself,  or  by  any  other  person  in  tnist  for  him,  or  for  his  use  and  benefit, 
or  on  his  account,  is  a  party  to  or  in  any  manner  interested,  in  whole  or  in  part,  in 
this  c(mtract,  or  in  the  enjoyments,  l:)enefits  profits,  or  emoluments  arising  there- 
fn)m.     (Rev.  Stats.,  sees.  3739-3742,  inclusive.) 

4.  Erasures,  interlineations,  or  other  irregular! tit^  must  \ye  explained  over  the  sig- 
natun*  and  seal  of  the  partic^s  to  the  instrument,  ami  witnessed  by  the  officer  liefore 
whom  the  same  is  executt^d. 

5.  No  assignment  or  transfer  of  any  wmtract,  or  interest  therein,  will  1h»  reco^ized 
by  the  IX^partment,  and  such  assignment  or  transfer  will  operate  as  an  annnhnent  of 
the  (contract  so  far  as  the  United  States  are  conoerne<l  or  interested  then»in. 

6.  All  contracts  must  Iw  execute<i  in  dupli<«te,  unless  otherwise  directed. 

7.  Whenever  the  nmtract  is  between  the  (.fovernment  and  a  copartDership,  in 
addition  to  the  firm  name,  each  individual  mem l)er  thereof  nmst  sign  his  own  name 
thereto;  the  firm  name  alone  will  not  be  sufficient,  and  wherever  the  firm  name 
appears  in  the  (-ontnict  it  should  Ik*  indicate<i  thus:  A,  B,  C,  and  D,  partners  doing 
business  under  the  firm  name  of  (here  insert  firm  name),  and  the  contract  must  be 
signed  in  the  same  manner. 

8.  Where  the  contract  is  between  the  Government  and  a  corporation  or  an  incor- 
pojated  company,  it  may  be  execut<^d  in  the  name  thereof  by  the  officer  authorize<l 
so  to  do  by  law  or  resolution,  but  in  all  such  caae»  evidence  shall  lie  furnished  the 
Department  of  the  cori)orate  existence  of  such  company  or  incorporation,  together 
with  a  certificate  from  the  secretary  or  other  officer  having  charge  of  the  seal  thereof, 
that  the  board  of  directors  or  exectitive  committee  duly  authorized  the  making  of 
the  contract  for  and  on  l)ehalf  of  the  company  by  such  individual;  the  act  of  each 
officer  in  executing  the  contract  shall  be  binding  upon  the  company  or  corporation 
reprc^sented  by  him,  and  the  manner  of  fixing  the  signature  thereto  must  be  by  first 
signing  the  name  of  the  comi)any  or  corporation,  followed  by  the  signature  of  the 

party  authorized  to  act  therefor,  thus:  (Name  of  company) ,  by 

(giving  official  character). 

9.  In  the  execution  (»f  contracts  the  names  of  all  the  parties  thereto  must  lie  writ- 
tA"u  in  full  and  an  impn^ssion  or  seal  affixe<l  to  each;  signatures  by  initials  will  not 


S.-BWKLL.]  CONTRACT   AND   BOND    REGULATIONS.  115 

l>e  aoivpteil;  each  of  the  pignatiirefl  of  the  contrai'ting  partieH  must  be  witneseed  by 
at  leant  two  persona,  and  the  signatures  of  the  witneesefl  should  be  written  opposite 
the  signatures  witneeseil. 

10.  No  contnu»t  Higne<l  hy  an  agent  or  firm,  or  by  one  member  thereof  for  another, 
or  by  an  attorney,  will  lie  aeeepted,  unless  the  execution  thereof  l)e  accompanied  by 
Si  duly  executed  power  of  attorney  from  the  jiarty  or  parties  for  whom  such  agent, 
member,  or  attorney  shall  act,  which  must  spetrifically  set  forth  the  purpose  for 
which  it  was  given,  describing  in  full  the  names  of  the  contracting  {larties,  the  date, 
and  object  thereof. 

BONDS. 

1.  Kai'h  <*ontra(*t  mutit  be  accompanied  by  a  joint  and  several  bond  in  the  sum  of 
at  least  M)  i>er  «vnt  of  tlie  amount  of  the  contract  pric«,  executed  by  the  principal 
and  at  least  two  individual  sureties  conditioned  for  the  faithful  performance  of  the 
terms  thereof;  Init  a  corporate  surety  duly  qualified  under  the  act  of  Congress  of 
August  13,  1894,  may  l)e  accepted  as  sole  surety.  Corporate  sureties  on  bonds  are 
I>referre<l. 

2.  The  full  name  of  the  principal  and  each  of  the  sureties  shoul<i  be  written  in  the 
l>jdy  of  and  signed  to  the  Inind,  and  there  must  be  a  seal  of  wax,  wafer,  or  other 
adhes*ive  sulxitance  attached  to  the  signature  of  the  obligor  and  each  of  the  sureties. 
The  printed  wortls  "seal"  or  **  scroll"  will  not  l)e  deemed  sufficient. 

3.  The  j>rincipal  and  each  of  the  sureties  must  sign  the  Inind  in  the  preseni-e  of 
two  i)erj*onH,  who  shall  sign  their  names  theretc)  as  attesting  witnesses,  and  it  must 
iippear  for  whom  eairh  witness  signs,  but  the  same  witnesses  may  witness  all  the  sig- 
natures, if  signe<l  in  their  presence. 

4.  The  suretit^s  nmst  justify  in  amounts  the  aggregate  of  which  will  \ye  equal  to  at 
lea.>^t  twice  the  jienalty  of  the  bond.  This  rule  applies  to  cor|K)rate  as  well  as  to 
individual  sureties;  and  corporate  sureties  will  be  required  to  attach  to  each  bond  a 
oijn-  of  the  last  statement  of  their  assets  and  liabilities  as  rendered  pursuant  to  sec- 
tion 4  of  the  act  of  Congress  of  August  13,  1894,  together  with  a  certificate,  under 
corporate  seal,  by  the  secretary  of  the  corporation,  as  to  the  official  character  of  the 
person  signing  for  the  corporation,  and  that  such  person  is  so  authorissed. 

5.  Where  a  party  or  jmrties  l)t»come  surety  or  sureties  to  more  than  one  lx)nd, 
evidence  nuist  l)e  filed  to  satisfy  the  Department  that  the  said  party  or  parties  are 
jKisHessed  of  property  not  exempt  frcjm  execution  over  and  above  all  debts  and 
liabilities,  and  free  from  all  incumbrances  of  value  not  less  than  the  sum  of 
the  several  bonds  for  which  thev  are  sureties. 

mi 

6.  Whenever  snvh  affidavit  is  made  before  a  notary  public  or  justice  of  the  peace 
outi^ide  of  the  Distric^t  of  Colimibia,  the  jurat  shall  be  accompanied  by  a  certificate 
of  the  clerk  of  the  district  or  cinniit  cf)urt  under  the  seal  thereof,  in  the  coimty  and 
State  in  which  such  notary  or  justice  resides,  that  at  the  time  of  administering  such 
oath  such  notary  or  justice  held  such  office  and  was  duly  authorized  by  law  to 
administer  such  oath. 

7.  No  person  who  is  a  bonded  officer  or  married  woman  will  Iw  accepted  as  a 
surety,  but  unmarried  women  may  be  accepted  as  such,  provided  tliat  the  officer 
administering  the  oath  certifies  that  they  possess  sufficient  property  in  their  own 
right  to  make  them  sufficient  sureties,  and  that  they  are  single. 

8.  Where  a  corporation  is  a  party  to  a  contract,  no  officer  thereof  will  be  accepted 
as  surety  thereon,  and  the  same  rule  applies  where  a  copartnership  is  a  party  to  a 
contract. 

9.  Where  the  sureties  are  other  than  corporate,  it  must  appear  in  the  affidavit  or 
oath  of  justification  that  such  surety  is  more  than  21  years  old  and  in  all  other 
re8i)ect8  legally  competent  to  make  and  enter  into  a  contract. 
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10.  Bonds  may  be  executed  before  a  clerk  of  a  court  of  record,  or  before  any  other 
officer  authorized  to  administer  oaths,  by  observing  rule  6  herein. 

11.  All  bonds  must  be  accompanied  by  a  certificate  as  to  the  sufficiency  of  th« 
sureties  thereon,  signed  by  a  judge  of  a  United  States  court,  a  United  States  difririrt 
attorney,  a  United  States  postmaster  (or  such  other  officer  of  the  United  States  as 
may  be  acceptable  to  the  Secretary  of  the  Interior),  residing  in  the  district  when 
such  bonds  are  executed.  The  foregoing  does  not  apply  to  corporate  sureties  who 
have  complied  with  the  requirements  of  paragraph  4. 

12.  Special  pains  must  be  taken  to  prevent  erasures  or  mutilations  of  any  kind  in 
any  bond,  but  where  made  they  must  be  explained  by  a  certificate  of  the  officer 
before  whom  the  instrument  is  executed  "that  such  erasures  or  mutilations  were 
made  before  the  bond  was  signed  by  the  obligor  and  the  sureties." 

13.  Any  contract  or  bond  not  executed  in  confonnity  with  the  foregoing  regala- 
tions  will  be  returned  for  an  observance  thereof. 

[At  the  conclusion  of  the  address  by  the  chief  engineer  there  was  a 
general  discussion  which  was  participated  in  by  the  engineers  present, 
numerous  questions  being  asked,  the  answers  to  which  have  been  now 
embodied  in  the  text  of  the  paper  presented  in  the  preceding  jiages. 
A  general  programme  for  discussion  was  then  outlined,  the  States  and 
Territories  being  taken  up  in  alphabetic  order. 

As  a  preliminary  to  this  systematic  discussion  of  work  in  the  field 
short  addresses  were  made  by  Mr.  N.  H.  Darton,  geologist,  upon  the 
underground  waters  in  the  reclamation  States;  by  Mr.  Gifford  Pinchot 
on  the  relation  of  forestry  to  irrigation,  and  by  others  present  on 
various  phases  of  the  work.] 


PAPERS  READ  AT  THE  CONFERENCE. 


WESTERN  HYDROIX>GY. 

By  N.  H.  Dabton. 

[The  western  section  of  the  division  of  hydrology  was  created  in  the 
early  part  of  1903  to  make  a  systematic  investigation  of  underground 
^water  resources  of  all  kinds  and  to  collect  all  data  relating  to  geology 
that  have  been  developed  by  deep  borings.  There  was  and  is  a  very 
large  demand  upon  the  Survey  for  information  regarding  prospects 
for  using  underground  waters,  and  as  the  reports  available  covered 
only  a  few  restricted  areas  it  was  evident  that  there  was  great  need  for 
an  extended  study  of  this  important  resource.  As  the  investigation 
was  almost  entirely  a  geologic  one,  it  was  placed  in  the  hands  of  geol- 
og'ists.  Fourteen  parties  have  been  at  work  in  the  field,  the  area 
under  investigation  comprising  the  arid  lands  of  the  reclamation 
States  and  Texas. 

Much  of  the  work  of  the  western  section  of  hydrology  is  closely 
related  to  the  reclamation  service,  as  a  large  share  of  attention  will  be 
given  to  areas  in  which  underground  waters  may  be  brought  to  the 
surface  and  employed  in  irrigating  lands  that  are  now  unproductive, 
many  of  which  are  so  situated  that  they  can  not  be  economically  irri- 
gated by  the  diversion  or  storage  of  surface  waters.  Some  of  the 
operations  of  the  section  and  some  of  the  results  accomplished  are 
here  given,  by  States.] 

Arizona. — Mr.  Willis  T.  Lee  has  made  a  very  detailed  examination 
of  the  geology  and  underground  water  resources  of  a  portion  of  Salt 
River  Valley,  mainly  lying  south  of  Phoenix,  and  the  preparation  of  a 
report  on  the  results  is  now  far  advanced.  The  wells  have  been  inves- 
tigated and  the  light  which  their  records  throw  on  the  underground 
geology  has  been  duly  considered.  The  volume  of  water  available,  the 
prospects  for  obtaining  additional  supplies  from  deeper  horizons,  and 
the  conditions  under  which  these  waters  may  be  pumped  to  the  surface 
and  used  for  irrigation  have  received  due  attention.  Mr.  Lee  has  also 
explored  the  Ilualpai,  Chino,  Sacramento,  and  Aubrey  valleys  in  west- 
em  Arizona  with  a  view  to  ascertaining  the  prospects  for  obtaining 
water  supplies  from  the  detrital  materials  with  which  these  valleys  are 
filled.     Further  work  is  to  be  done  in  Arizona  during  the  winter  to 
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determine  the  geologic  structure  and  underground  water  concDtions  ic 
various  portions  of  the  Territory. 

California. — Mr.  W.  C.  Mendenhall  and  assistant  are  engag<?d  in  a 
detailed  investigation  of  the  geology  and  underground  water  resources 
of  the  region  about  San  Bernardino  and  Riverside.  It  is  expected  that 
the  results  of  these  studies  will  throw  light  upon  the  conditions  under 
which  waters  occur  in  the  detritus-filled  valleys  and  the  broad,  flat, 
alluvial  fans  at  the  foot  of  the  mountain  slopes  in  southern  California. 

Colxrrado, — Considerable  attention  has  been  given  to  obtaining  addi- 
tional information  regarding  the  prospects  for  artesian  flow^s  in  a  portion 
of  Colorado  lying  east  of  the  Rocky  Mountain  front,  and  numerous 
measurements  have  been  made  of  the  sti-ata  on  their  upturned  edge*^ 
along  the  Front  range  and  Twin  Butte  uplift.  Considenible  new  infor- 
mation was  obtained  as  to  the  extent  of  districts  in  which  flowinjf 
waters  are  obtainable,  and  one  area  was  found  in  Prowers  County  which 
was  not  heretofore  regarded  as  within  the  artesian  belt. 

Early  in  September  Mr.  C.  E.  Siebenthal  began  work  in  the  San 
Luis  Valley  artesian  area.  He  is  making  a  ctinvass  of  artesian  wells 
and  determining  the  geologic  structure.  The  pur}X)se  of  his  investiga- 
tion is  to  determine  the  source,  extent,  geologic  conditions,  and  volume 
of  the  artesian  waters. 

Kansas, — Some  deep  borings  are  being  sunk  in  the  northwestern 
portion  of  Kansas  by  persons  hoping  to  find  oil,  and  as  thest^  well^ 
will  afford  much  evidence  on  the  underground  geology  and  pix>spect'* 
for  water  they  are  being  watched  very  closely  as  to  materials  pene- 
trated and  water  horizons  developed. 

Nebraska. — During  the  summer  Prof.  G.  E.  Condra,  of  the  State 
University,  has  examined  the  geology  and  wells  in  the  northe^istern 
portion  of  Nebraska.  He  has  determined  the  extent  of  the  artesian 
basin,  and  his  results  will  throw  nmch  needed  light  on  the  structure 
and  water  prospects  of  a  wide  area  southward. 

Prof.  E.  H.  Barbour,  State  geologist,  has  continued  his  compila- 
tion of  information  relating  to  underground  water  resources  of  the 
entire  State,  and  will  soon  submit  a  report  giving  information  of  all 
important  wells. 

New  Mexico. — Prof.  C.  R.  Keyes  has  prepared  a  report  on  the  geol- 
ogy and  underground  water  supplies  of  portions  of  the  Rio  (inwide 
Valley,  in  the  southern  part  of  New  Mexico,  whicn  will  soon  be  ready 
for  publication.  A  part  of  the  expense  of  this  work  is  paid  out  of 
Territorial  funds. 

Prof.  C.  N.  Gould  made  an  expedition  in  September  into  the  north- 
eastern portion  of  theTerritory  to  study  the  relationsof  the  "  Red  lieds," 
which  he  followed  to  the  Rocky  Mountain  front.  One  of  the  most 
important  problems  in  eastern  N(»w  Mexico  is  to  a.scertain  the  pros- 
pects for  water  in  these  "  Red  Beds''  and  underlying  formations,  and,  as 
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tbere  is  great  need  for  water  in  the  district,  sixicial  consideration  in  to 
be  ^iven  to  this  question. 

^orth  Dakota, — Prof.  D.  E.  Willard  has  continued  his  studies  of  the 
geology  and  underground  waters  in  the  Red  River  Valley  region  in 
North  Dakota.  He  has  obtained  additional  data  to  complete  the  report 
and  folios  of  the  late  C.  M.  Hall,  and  has  extended  the  investigation 
into  adjoining  areas. 

Prof.  F.  A.  Wilder,  former  State  geologist,  has  examined  the  lignite 
deposits  in  the  western  portion  of  the  State,  to  ascertain  to  what  extent 
they  may  prove  available  as  fuel  in  pumping  water  for  irrigation. 
The  results  of  his  examination  will  soon  l)e  ready  for  publication. 

OklaJiama. — Prof.  C.  N.  Gould  has  continued  his  studies  of  the  *'  Red 
Beds"  of  Oklahoma  and  their  water  supplies.  In  August  and  Sep- 
tember he  made  an  expedition  to  examine  the  western  portion  of  the 
Territory  and  adjacent  regions. 

Oregati. — Prof.  I.  C.  Russell  has  made  an  expedition  through  central 
Oregon  to  determine  the  geologic  structure  and  ascertain  the  prospects 
for  underground  waters.  Artesian  conditions  were  discovered  at 
several  localities  where  their  development  would  be  of  considerable 
importance. 

South  Dakota, — Prof.  J.  E.  Todd,  State  geologist,  has  continued  his 
canvass  of  South  Dakota  for  well  data  through  the  eastern  portion  of 
the  State,  and  has  obtained  a  large  amount  of  important  information 
bearing  on  the  extent  of  the  artesian  area  and  the  underground 
geology.  He  is  giving  much  attention  to  the  collection  of  evidence 
on  diminution  of  flow  and  pressure  in  some  districts  to  ascertain  its 
cause. 

Texas. — Mr.  G.  B.  Richardson  has  continued  his  work  in  Texas, 
jointly  with  the  State  mineral  survey,  to  asceiiaiin  the  geology  and 
prospects  for  water  in  deep  wells  in  El  Paso  County  and  a  portion  of 
Reeves  County.  He  has  made  excellent  progress,  and  has  obtained  a 
large  number  of  data  on  the  rocks  and  their  structure. 

Washington. — Mr.  Heniy  Landes,  State  geologist  of  Washington, 
has  made  a  canvass  for  all  available  data  as  to  underground  waters 
in  the  State,  and  will  soon  have  a  report  ready  for  publication. 

Wyoming. — The  principle  work  in  Wyoming  hjis  been  done  by  Mr. 
C.  A.  Fisher,  in  the  Bighorn  Basin.  The  geologic  relations  and  struc- 
ture have  been  studied  with  care,  and  several  horizons  of  underground 
waters  have  been  found  to  exist.  Much  additional  work,  however,  will 
be  required  before  the  investigation  can  be  completed. 

Further  observations  have  been  made  along  the  Laramie  Front 
range  to  determine  the  thickness  of  the  strata  that  dip  under  the 
plains. 

In  the  region  north  of  the  Black  Hills  considerable  work  has  been 
done,  mainly  by  Prof.  C.  C.  O'Harra,  and  it  has  been  discovered  that 
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artesian  waters  may  be  expected  at  moderate  depths  in  an  area  of  con- 
sidemble  size  in  the  valley  of  Little  Missouri  River  and  some  of  itei 
branches  near  the  Wyoming-Montana  State  line.  i 

FORESTRY  AND  IRRIGATION. 

Bv  GiFFORD  PiNCHOT,  Chief  Forester. 

[Mr.  Pinchot  spoke  of  the  importance  of  conference  between  the 
members  of  the  reclamation  service  and  those  of  the  Bureau  of 
Forestry  in  order  to  bring  about  the  most  economical  and  effective 
administration  of  the  forests  and  arid  lands.  In  brief,  he  made  the 
following  statement:] 

In  the  delicate  and  important  task  of  administering  the  foi-e:st 
reserves,  which  are  so  vitally  necessary  to  the  well-being  of  industries 
and  communities  throughout  the  West,  the  Government  is  constantly 
met  by  the  demands  of  conflicting  interests.  In  each  case  it  is  essen- 
tial that  the  administmtion  of  the  reserves  should  meet  the  needs  of 
the  people;  that  each  reseiTC  should  be  maintained  in  its  highest 
possible  present  usefulness,  yet  protected  with  the  greatest  care  in  it? 
continued  utility  to  the  community. 

The  idea  of  permanent  usefulness  is  fundamental  in  every  case. 
The  four  great  timber-using  industries — ^lumbering,  building,  mining, 
and  transportation — are  peculiarly  dependent  for  their  future  upon  a 
sustained  supply  of  timber  from  the  Government  forest  reserves,  and 
special  provisions  must  be  made  to  meet  their  needs.  The  use  of  the 
mature  timber  is  often  required,  and  is  almost  universally  advisable 
in  a  healthy,  growing  forest,  and  provision  is  made  by  the  law  for  its 
disposition  to  those  who  need  it.  The  use  of  the  reserves  will  grow 
steadily  greater  and  more  necessary  as  time  goes  on,  and  ever}-  care 
should  be  taken  to  safeguard  the  young  growth  for  the  future. 

For  the  present  much  the  most  important  use  of  the  forest  reser\'es 
is  to  supply  water  to  the  irrigator,  and  their  utility  in  this  respect 
should  be  preserved  in  every  possible  way.  This  use,  too,  will 
increase  with  time,  and  it  will  become  more  and  more  evident  that 
the  foundation  of  the  irrigation  development  of  the  West  lies  in  tlie 
wise  administration  of  the  forest  reserves.  Not  only  can  the  present 
supplies  of  water  be  conserved  by  the  right  handling  of  the  forest,  but 
there  is  no  question  whatever  that  in  many  localities  they  may  be 
largely  increased.  From  this  point  of  view  as  well  as  from  many 
others,  protection  from  fire  is  the  first  duty  of  the  Government 
toward  these  reserves. 

[Mr.  Pinchot  also  called  attention  to  the  message  of  President 
Roosevelt  to  the  Irrigation  Congress,  and  spoke  of  the  interest  shown 
by  the  President  in  the  work  of  the  foresters  and  engineers.  The 
following  telegram  from  the  President  was  received  by  the  congress:] 
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TELEGRAM  FROM  THE  PRESIDENT. 

Oyster  Bay,  N.  Y.,  September  15 y  190S. 
To  the  Irrigaiion  Congress^  Ogden^  Utah^ 

The  passage  of  the  national  irrigation  law  was  one  of  the  great  steps  not  only  in 
the  forw^ard  progress  of  the  United  States  but  of  all  mankind.     It  wafi  the  beginning 
of  an  achievement  so  great  that  we  hesitate  to  predict  the  outcome.     But  it  waa  only 
the  beginning.     Now  that  the  law  is  an  accomplished  fact  it  must  be  given  effect. 
To  that  end  the  reclamation  service,  oi^^canized  under  the  national  irrigation  law  of 
June  17,  1902,  has  been  pushing  its  surveys  and  examinations  of  ixwsible  irrigation 
projects  energetically  in  each  of  the  thirteen  States  and  three  Territories  named  in 
the  act.     Some  of  the  projects  which  promised  well  at  first  are  found  on  careful 
8tii<ly  to  be  impracticable,  either  because  of  scanty  water  supply  or  of  great  cost; 
others  must  await  higher  values  in  land;  while  still  others  stand  the  test  and  are 
r^idy  for  immediate  construction.     The  feasible  projects  are  always  large  and  costly, 
iKK^use  private  enterprise  has  already  seized  upon  the  smaller  and  less  ex{>ensive 
ones,  leaving  to  the  Government  the  great  works  which  are  to  Ijear  so  essential  a 
part  in  bringing  the  nation  to  ita  full  development.     Great  care  and  highest  engin- 
eering skill  are  required  to  plan  and  build  such  works,  which  are  among  the  most 
difficult  undertakings  of  mankind.     They  must  l)e  built  for  permanence  and  safety, 
for  they  are  to  last  and  spread  prosperity  for  centuries.    To  design  and  build  such 
works  a  Ixniy  of  engineers  of  the  highest  character  has  been  brought  together  in  the 
reclamation  service,  for  only  men  impartially  selected  for  capacity  alone  are  capable 
of  creating  these  great  structures. 

Merit  must  govern  not  only  in  the  selection  of  the  men,  but  still  more  in  the 
selection  of  the  projects.  Every  reclamation  project  selected  for  construction  must 
po-ssess  the  qualities  which  commend  it  as  a  national  undertaking,  certain  to  reclaim 
large  tracts  of  arid  land  and  to  support  in  well-being  a  dense  and  vigorous  population. 
Vast  though  the  benefits  of  the  reclamation  law  will  be,  many  disappointments 
necessarily  await  both  the  advocates  of  special  projects  and  the  men  whose  desire  for 
accomplished  results  outruns  the  slow  and  steady  development  of  these  great  under- 
takings. It  should  be  borne  in  mind  that  a  broad  survey  of  all  possible  projects 
gives  new  conception  of  their  relative  value,  and  that  a  work  of  prime  importance  to 
one  group  of  men  may  seem  less  desirable  in  the  light  of  wider  knowledge.  Nor  is 
it  wise  in  large  affairs  to  begin  construction  first  and  to  elaborate  details  afterwards, 
f^ch  important  point  must  be  carefully  studied  in  advance  and  the  whole  plan 
tested  and  approved  before  work  can  begin.  Yet  if  we  procee<i  both  cautiously  and 
persistently  under  this  beneficent  law  we  may  confidently  expect  the  largest  possible 
development  of  our  arid  lands  and  their  settlement  by  industrious,  prosperous,  self- 
respecting  men  and  women,  who  will  exchange  the  products  of  irrigated  agriculture 
for  the  products  of  mills  and  factories  throughout  the  United  States.  Such  commu- 
nities, flourishing  in  what  is  now  the  desert,  will  finally  take  their  places  among  the 
strongest  pillars  of  our  Commonwealth. 

The  irrigation  development  of  the  arid  West  can  not  stand  alone.  Forestry  is  the 
companion  and  support  of  irrigation.  Without  forestry  irrigation  must  fail.  Per- 
manent irrigation  development  and  forest  destruction  can  not  exist  together.  Never 
forget  that  the  forest-reserve  policy  of  the  National  Government  means  the  use  of  all 
the  resources  of  the  forest  reserves.  There  is  little  profit  in  destruction  compared 
with  use.  The  settlement  of  the  great  arid  West  by  the  makers  of  homes  is  the 
central  object  both  of  the  irrigation  and  the  forest  policies  of  the  Uniteil  States.  In 
forestry,  as  in  irrigation,  the  immediate  private  interest  of  some  individuals  must 
occasionally  yield  to  their  permanent  advantage,  which  is  the  public  good.  The 
benefits  of  forestry  are  not  only  for  the  future  but  for  the  present.  The  forest 
r^erves  are  for  all  the  people,  but  first  for  the  people  in  their  immediate  neigh- 
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borhoecl,  for  whom  Rupplies  of  wood  and  water  are  among  the  prime  necesBitiesiif  life. 
The  wiser  and  more  skillful  the  management  of  the  reserves  by  trained  men,  the  greater 
obviously  will  their  usefulness  be  to  the  people.  We  must  never  allow  our  ebagrin 
at  t*?mporary  defet^ts  and  difficulties  in  the  management  of  the  forest  re8er\-es  to 
blind  us  to  the  absolute  necessity  of  these  reserves  to  the  i>eople  of  the  West.  Sap- 
pert  of  the  forest-re8er\'e  i)olicy  has  grown  with  wonderful  rapidity  in  the  West  daring 
the  last  few  years.  It  will  continue  to  grow  till  the  last  vestige  of  opposition,  now 
almost  gone,  has  wholly  disappeared  before  a  true  understanding  of  the  object  and 
effect  of  forest  reservation.  The  gn^at^^r  the  supjKjrt  oi  the  forest  reserves  l>y  the  x»e< >ple 
of  the  West,  the  greater  the  an^iurance  that  the  national  irrigation  policy  will  not  fail; 
for  the  preservation  of  the  forests  is  vital  to  the  success  of  this  policy. 

Theodore  Kooskvklt. 

COIiONl  Z  AT  I  ON. 

By  Frederick  de  L.  Bo<3th  '^Tucker. 

[Comdr.  Frederick  de  L.  Booth  Tucker,  of  the  Salvation  Armj-,  ad- 
dressed the  engineers  on  the  subject  of  colonization,  showing*  the  great 
importancQ  to  the  reclamation  work  of  systematic  and  careful  colo- 
nization of  the  vacant  land.  After  the  works  are  completed  the  great 
problem  will  be  to  organize  and  control  the  diverse  elements — to  con- 
solidate the  settlers  into  a  community  competent  to  utilize  the  great 
works.     His  remarks,  in  brief,  are  as  follows:] 

There  are  probably  few  more  important  questions  now  occupying 
the  attention  of  this  country — nav,  of  the  world — than  that  of  render- 
ing  habitable  and  populating  millions  of  acres  of  rich  land  which  has 
hitherto  been  labeled  "desert"  and  "arid,"  owing  to  the  lack  of  water. 
This  is  a  magnificent  undertaking,  worth}'  of  the  combined  genius  of 
the  wise  men  of  the  West. 

Personally  I  feel  the  deepest  interest  in  the  question  of  irrigation. 
Having  spent  some  twenty  years  in  India,  part  of  the  time  as  a  gov- 
ernment oflScial  responsible  for  the  welfare  of  the  people,  and  part  of 
the  time  as  a  Salvation  Army  missionary,  wearing  the  Hindoo  garb, 
dwelling  in  their  houses,  and  intimately  acquainted  with  their  daily 
life,  I  have  had,  perhaps,  exceptional  opportunities  for  witnessing  the 
immense  advantiiges  that  lie  within  the  reach  of  s3-stematic  irrigation. 
In  India  some  of  the  largest  rivers  are  captured  and  guided  from  their 
mountain  sources  to  their  ocean  outlet,  reclaiming  on  the  way  millions 
of  acres  that  would  otherwise  be  mere  desert,  and  returning  in  some 
cases  as  much  as  15  and  20  per  cent  interest  on  the  capital  invested. 
Not  only  is  the  direct  flow  of  the  river  utilized,  but  the  Hindoo  farmer 
utilizes  also  to  the  utmost  the  underflow  })y  means  of  wells  worked 
day  and  night  with  Persian  wheels  and  bullock  power. 

One  main  reason,  however,  why,  in  India,  irrigation  has  met  with 
such  remarkable  success  has  b(^en  the  fact  that  on  the  Iwrder  land,  and 
often  in  the  very  midst  of  these  irrigated  areas,  dwells  an  enormous 
and  purely  agricultural  conmmnity,  consisting  of  small   farmers— a 
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nation  of  market  gardeners  one  might  almost  call  them — who  are  ready 
to  <H'cupy  every  acre  of  land  as  fast  as  it  is  irrigated,  and  who  have 
Ihmmi  trained  in  all  the  advantages  of  irrigation  from  childhood.  The 
iiiovenient  of  population  has  there  been  autoniatic,  and  has  requii-ed 
but  little  guidance  or  encoumgement  on  the  part  of  the  government. 

Our  ease  is  somewhat  different,  and  careful  consideration  must  be 
given  to  the  subject  of  colonization.  Irrigation  is  dependent  for  its 
success  upon  population.  Colonization  ma}'^  be  defined  as  the  system- 
atic populating  of  hitherto  unoccupied  tracts  of  land.  The  lack  of 
.systematic  colonization  has  caased  the  failure  of  not  a  few  excellent 
and  thoroughly  practic*able  irrigation  schemes.  The  reason  for  this  is 
not  far  to  seek.  A  canal  which  will  irrigate,  say  10(),()()0  acres  of  land, 
is  necessarily  a  costly  enterprise.  The  interest  and  upkeep  can  easily 
be  met  if  the  whole  tract  be  quickly  occupied.  But  if  a  small  portion 
oulv  be  settled,  either  the  colonists  will  be  disheartened  and  driven 
awa}'  by  the  heavy  charges  made  in  the  effort  to  meet  expenses  and 
pa\^  dividends,  or  the  investors  will  become  discouraged  at  the  long 
delay  and  the  nonreceipt  of  a  fair  return  for  their  investment.  In 
either  case  the  entei^prise  will  be  killed  in  its  initial  stage. 

Sirientific  colonization  can  secure  the  rapid  and  immediate  enjoyment 
of  the  fruits  of  irrigation.  Each  is  a  necessity  to  the  other.  An  ill- 
digested  and  haphazard  scheme  of  irrigation  will  injure,  if  not  ruin, 
colonization.  Similarly  an  unsystematic  plan  of  colonization  will  re- 
tard and  frequently  ruin  the  best  laid  and  most  feasible  plans  for 
irrigation. 

Scientific  colonization  will  not  wait  for  the  farmer  with  capital  any 
more  than  manufacture  will  wait  for  the  laborer  with  capital.  Imagine 
the  captain  of  industry  who  would  emplo}^  no  laborer  who  did  not 
possess  a  few  thousand  dollars;  and  yet  this  is  the  course  which  col- 
onization has  generally  pursued. 

The  most  that  the  capitalist,  or  landowner,  or  irrigationist  has  been 
willing  to  do  in  the  past  has  been  to  bring  the  water  to  the  land  and 
accept  time  payments  for  the  latter  from  the  settler.  Further  than 
this  they  have  l>een  unwilling  to  venture;  and  hence  the  colonization 
of  irrigated  lands  has  been  almost  entirely  limited  to  farmers  possess- 
ing capital. 

This  has  had  several  serious  disadvantages: 

1.  Irrigation  lends  itself  much  more  readily  to  the  small  intensive 
fami  than  to  the  large  ranch  from  which  such  settlers  usually  come. 

2.  The  small  farmer  who  is  not  too  high  toned  to  cultivate  the  land 
himself  will  succeed  where  the  ''gentleman""  farmer  who  employs 
hired  labor  and  sends  his  children  to  college  will  fail,  even  though  the 
latter  may  control  ten  times  as  much  land  as  the  former  and  possess  a 
few  thousand  dollars.  Give  the  former  a  chance,  select  him  with  care, 
and  back  him  with,  say,  $500  cash  for  a  start,  and  he  will  succeed  better 
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than  the  latter  every  time.  With  ample  funds  for  irrigation  now  in 
sight,  and  with  some  of  our  bmniest  engineers  working  out  extensive 
plans, what  our  "arid  West"  calls  for  is  not  the  nonresident  gentleman 
farmer,  with  his  staff  of  cowboys,  but  the  resident,  20-acre,  homy- 
handed  son  of  the  soil,  who  does  not  consider  it  beneath  his  own  or  hLs 
children's  dignity  to  drive  the  plow,  milk  the  cow,  and  earn  an  honest 
living  by  his  sweat  of  bi-ain  and  brow.  The  old-time  governor  of 
Virginia  was  right  when  he  told  King  George  that  he  would  rather 
have  a  dozen  such  than  a  shipload  of  the  ladies  and  gentlemen  whom 
the  latter  proposed  to  send  out. 

But  granted  that  such  settlers  are  desirable,  why  should  there  be 
any  difficulty  about  obtaining  them  ?  For  the  simple  reason  that  they 
have  no  capital  and  can  not  move  themselves. 

That  there  are  millions  of  them  prepared  to  move  at  a  few  hours" 
notice  from  all  quarters  of  this  and  other  lands  in  just  such  numbers 
as  ma}'  l)e  desired  can  not  be  denied.  The  talk  about  their  unwilling- 
ness to  leave  the  cities  or  go  back  to  the  land  is  pure,  undihited  moon- 
shine. The  simple  fact  is  that  those  who-  wish  to  be  moved,  and  who 
would  make  the  most  desii*able  colonists,  are  blessed  with  large  fam- 
ilies, are  often  hampered  with  debt,  and  are  unable  to  move  without 
financial  assistance.  Who  will  pay  their  traveling  expenses,  buy  their 
live  stock,  fix  up  their  cottages,  and  trust  them  with  land?  The  farmer, 
like  the  manufacturer,  wants  the  single  man  or  woman,  and  they  must 
be  young  at  that. 

Into  my  office  there  walked  a  few  days  ago  a  New  York  banker 
escorting  a  splendid  specimen  of  physical  manhood — a  typical  farmer, 
hale,  hearty,  manly.  His  wife  was  with  him — every  inch  a  farmer's 
wife.  He  held  excellent  certificates  from  an  ex-governor  of  New  York 
and  other  prominent  gentlemen  on  whose  estates  he  had  worked.  But 
with  a  family  of  eight  children  he  had  been  unable  to  more  than  Imrely 
pay  his  way.  He  had  no  wish  for  the  city;  but  his  large  family  made 
him  undesirable  to  the  farmer,  and  he  had  no  capital  with  which  to 
give  himself  a  start.  We  made  immediate  arrangements  to  settle  him 
on  one  of  our  colonies.  This  is  but  a  t3'pical  case  among  tens  of  thou- 
sands. Not  onl}'^  do  our  cities  abound  with  them,  but  multitudes  of 
them  may  be  found  in  our  best  agricultural  districts.  Why  do  our 
land  agents  pass  over  these  laborers  in  favor  of  the  farmer  who  has  to 
sell  his  land  in  order  to  move?  Not  because  the  latter  would  make  a 
better  colonist,  but  l)ecause  he  has  cash,  while  the  former  would 
require  assistance. 

Now  scientific  colonization  ases  the  worthy  family  that  has  no  cash. 
It  says  in  })rief,  *"* Place  this  waste  lalx)r  u{)on  the  waste  land  by  means 
of  waste  capital,  and  there))}^  convert  this  trinity  of  waste  into  a  unity 
of  production."  It  has  been  argued,  on  the  other  hand  that,  first,  they 
would  not  go;  second,  they  would  not  sta}";  third,  they  would  not  work; 
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and  last,  they  would  not  pay.  Wo  set  to  work  some  six  years  ago  to 
put  our  theories  into  practice,  and  are  now  able  to  say  positively,  after 
more  than  live  yeai^s'  experience,  that  they  have  gone  and  stayed, 
have  worked  and  paid.  Even  the  comparatively  few  failures  we  have 
encountered  have  been  a  valuable  education  to  us,  and  we  are  now  in  a 
position  to  handle  the  largest  schemes,  with  self-sacrificing  and  expert 
managers  to  direct  them,  and  with  a  practical  code  of  regulations  to 
guard  us  from  the  rocks  on  which  so  many  similiar  enterprises  have 
been  wi*ecked. 

Our  three  colonies  are  located  in  Colorado,  California,  and  Ohio, 
and  comprise  nearly  3,000  acres  of  land,  on  which  about  400  men, 
women,  and  children  have  been  settled.  On  the  first  two  colonies 
every  famil}'^  is  entirely  self-supporting,  and  the  repayments  have 
amounted  to  considei-ably  more  than  $20,000. . 

On  the  California  colony  last  year  the  settlers   averaged  a  cash 
income  of  $850  per  family,  each  20-acre  farm  being  worth,  with  its 
improvements,  about  $3,000.     The  Colorado  farms  are  worth  from 
$2,000  to  $5,000,  according  to  their  location  and  improvements.     On 
the  town  site  have  been  established  some  twenty  country  stores,  most 
of  which  are  operated  by  colonists.     A  commercial  club  has  been 
formed  for  the  development  oif  the  business  interests  of  the  settlement. 
Their  turnover  last  year  amounted  to  about  $200,000,  while  the  rail- 
road received  some  $50,000  for  freight  from  our  little  country  depot. 
On  the  California  colon}'  a  30-acre  tract  has  recently  been  sold  for 
$4,650,  includingorchard,  farm  house,  and  other  improvements,  beingat 
the  rate  of  $155  an  acre  for  land  which  cost  us  some  five  years  previously 
$50  an  acre.     I  mention  these  facts  to  prove  that  we  were  not  over- 
sanguine  when  we  argujed  that  land  thus  thickly  settled  would  })y  its 
own  rapid  increase  in  value  amply  protect  the  investor  against  loss. 
Thus  even  supposing  that  the  colonist  himself  could  not  or  would  not 
pay,  the  populating  of  the  land  would  so  add  to  its  value  that  in  the 
course  of  a  few  years  it  could  be  sold  for  a  suflScient  sum  to  cover  the 
colonist's  entire  indebtedness  and  leave  him  a  handsome  margin  with 
which  to  make  a  new  start. 

The  further  extension  of  colonization  will  depend,  not  on  land  being 
available,  nor  on  the  ability  to  secure  colonists,  but  on  the  supply  of 
capital.  That  this  can  be  safely  invested  we  think  we  have  sufficiently 
demonstrated. 

That  there  is  land  in  abundance,  admirably  suited  for  colonization,  no 
one  will  deny.  The  new  irrigation  projects  now  on  foot  will  make 
available  immense  regions  with  fertile  soil  and  salubrious  climate, 
suited  in  every  sense  to  be  converted  into  a  veritable  poor  man's  paradise. 
What  a  magnificent  outlet  is  here  afforded  for  the  lamentable  con- 
gestion of  our  great  cities.  How  unspeakably  sad,  how  incredible 
must  it  appear,  that  in  this  great,  rich,  prosperous  country  of  ours 
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no  less  than  3,0(X),000  of  our  fellow-citizens — men,  women,  and  chil- 
dren— at  least  50  per  cent  of  them  agriculturists — should  be  '■^cabined, 
cribbed,  confined''  in  the  unhealthy  tenements  of  our  cities,  while 
there  exist  at  the  very  gatewavs  of  our  civilization  these  Iwundless 
prairies  with  their  invigorating  breezes. 

President  Roosevelt  spoke  to  the  heart  of  the  nation  when  he 
pointed  out  the  dangers  of  race  extinction  and  the  importance  of  the 
family — the  large  family — to  the  well-being  of  the  nation.  The  pivot 
of  true  social  reform  appears  to  me  to  turn  upon  the  preser\'ation 
and,  if  necessary,  the  restoration  of  the  family  unit.  Destiw'  the 
home  and  you  destroy  the  nation.  We  must  show  the  poor  man  how 
he  can  afford  to  get  married  and  can  bring  up  his  family  in  docenrv 
and  comfort,  and  l)ecome  a  home  owner.  If  this  can  not  bein  the  fity, 
let  us  throw  open  to  him  our  irrigated  lands  and  provide  him  with  the 
means  for  making  a  start.  There  is  no  need  to  treat  him  as  a  jmuper. 
We  can  charge  him  with  every  dollar  that  we  expend  upon  him,  and 
make  him  pay  a  reasonable  interest  into  the  bargain. 

How  much  better  would  it  be  if  the  fifty  to  one  hundred  million 
dollars  now  expended  annually  in  the  relief  of  poverty  in  our  gi-ejit 
cities  could  be  devote<l  to  the  placing  of  worthy  families  on  these  rich 
irrigated  lands.  Tax  consumers  would  become  tax  producers. 
Pauper  dependents  on  charity  would  be  converted  into  affluent  home 
owners.  The  $50,000,000  annually  expended  for  charitable  o)>jects 
would  be  turned  into  a  rich  investment  which  would  be  amply  s*H'unMl 
and  ultimately  repaid  out  of  the  profits  from  these  irrigated  lands. 
In  ten  years  the  money  thus  invested  would  amount  to  $500,00(),(MM\ 
which  would  suffice  to  locate  5,000,000  souls  upon,  say,  20,0OO,0iNi 
acres  of  irrigated  land,  which  would  produce  to  its  ownei^s  an  annual 
income  of,  say,  $400,000,000,  while  the  value  of  the  land  at  $50  i^er 
acre — a  moderate  estimate  for  land  so  (closely  settled — would  Ix;  no 
less  than  a  billion  dollai*s. 

What  our  American  poor  ask  for  is  not  charity  but  opportunity. 
Let  this  congress  then  throw  wide  open  before  our  working  daises 
that  door  of  opportunity.  Let  it  place  within  the  reach  of  the  land- 
less man  our  manless  lands.  Let  it  speak  with  a  voice  which  can  not 
be  misunderstood,  and  let  it  thunder  at  the  doors  of  our  national  C-ap- 
itol  and  of  our  State  legislatures  till  colonization  is  made  as  much  an 
imperative  and  practical  question  of  the  hour  as  by  its  brilliant  and 
persistent  efl'orts  irrigation  has  already  become. 

The  association  of  these  two  powerful  factors,  irrigation  and  col- 
onization, in  the  welfare  of  our  nation  will  be  well-nigh  irresist- 
ible, and  with  these  mighty  levers  this  congress  will  lift  from  the 
nation's  pathway  the  dead  weight  of  poverty  and  congestion  which 
has  obstructed  our  national  progress,  created  internecine  struggles 
between  capital  and  labor,  and  threatened  to  shipwreck  our  future 
prosperity. 
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WORK  OF  TIIK  IIKCI^AMATION  HKUVICK. 

Bv  Hon.  Fkank  \V.  Monokll. 

1  very  much  appreciate  this  opportunity  of  meeting  the  engineers  of 
the  reclamation  service  and  of  hearing  your  discussions  of  the  survej^s 
and  examinations  of  the  various  projects  contemplated  under  the 
national  irrigation  law.  1  wish  to  congmtulate  Mr.  Newell  on  having 
surrounded  himself  with  so  able  a  corps  of  engineers  and  lieutenants, 
and  1  wish  to  congratulate  all  of  you  on  your  employment  in  a  service 
so  important  and  beneficial  and  which  promises  so  much  for  develop- 
ment by  irrigation  in  western  America. 

1  think  the  idea  of  a  gathering  of  the  engineers  of  the  reclamation 
service  at  this  time  for  the  purpose  of  consultation  and  discussion  is  a 
very  happy  one.  The  mutual  exchange  of  views  and  opinions  will 
undoubtedly  result  in  much  good,  and  by  comparison  of  the  respective 
advantages  and  difficulties  of  the  various  projects  under  consideration 
each  of  you  will  have  a  better  idea  of  the  relative  merits  and  feasibilitj' 
of  the  particular  project  on  which  he  is  engsiged. 

It  would  be  clearly  su[)erfluous  for  me  to  enter  into  a  discussion  of 
the  national  irrigation  act  with  gentlemen  who  are  so  thoroughly 
informed  in  regard  to  it  as  are  you  who  are  charged  with  the  practical 
work  of  carrying  the  provisions  of  the  law  into  effect.  1  venture  to 
say,  however,  that  in  your  operations  under  the  law  so  far  you  have 
been  struck  with  its  broad  and  comprehensive  character.  It  was  not 
intended,  as  we  all  understand,  that  the  act  or  the  operations  under  it 
should  interfere  with,  supplant,  or  to  any  considei-able  extent  curtail 
the  legitimate  field  of  private  enterprise  in  irrigation  development. 
M}'  observation  is  that  the  effect  of  the  law  so  far  has  })een  to  encourage 
and  stimulate  private  enterprise  all  over  the  arid  region.  And  the 
territory  to  be  covered  is  so  vast,  the  possibilities  so  great,  and  the 
conditions  so  diversified,  that  we  must  needs  have  the  active  aid  of 
every  possible  agenc3%  private  and  public,  to  accomplish  the  complete 
reclamation  of  the  arid  regions  of  our  country. 

The  field  of  operations  of  the  reclamation  service  is  vast,  and  in  my 
opinion  will  be  a  constantly  growing  one;  that  is  to  say,  projects  wdiich 
at  this  time  seem  out  of  the  question  by  reason  of  their  great  cost  will, 
in  time  to  come,  as  the  demand  for  irrigated  land  increases,  be  under- 
taken, and  this  will  undoubted!}^  include  a  wider  variety  of  projects 
than  are  in  contemplation  at  this  time.  Primarily  the  national  irriga- 
tion act  contemplates  the  irrigjition  of  land  now  in  pul)lic  ownership 
and  upon  which  new  homes  can  be  esUiblishcd,  but  its  provisions  are 
clearly  applicable  to  the  irrigation  of  lands  in  private  ownership,  with 
or  without  a  partial  water  supply,  and  in  some  cases  the  best  results 
will  undoubtedly  be  obtained  by  works  which  will  supply  water  for 
lands  so  situated. 
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I  am  one  of  those  who  believe  that  in  carrying  on  the  work  of  the 
reclamation  service  you  will  encounter  much  less  difficulty  than  Pias 
been  generally  supposed  in  adjusting  the  matter  of  water  rig-hts  ou 
interstate  streams.  The  supreme  court  of  my  State,  Wyoming",  has 
recently  handed  down  a  decision,  which,  in  my  opinion,  will  come  to 
be  recognized  as  the  universal  law  of  the  arid  region,  to  the  effect  that 
priority  of  use  gives  priority  of  right  to  the  use  of  water  on  an  inter- 
state stream,  regardless  of  State  lines.  With  the  improvement  of 
water  laws  in  the  various  States  this  principle  can  be  easily  carried 
into  effect. 

The  crowning  virtue  of  the  national  irrigation  act  lies  in  the  fact 
that  it  compels  the  division  of  the  country  irrigated  into  small  farms, 
and  therefore  insures  that  thorough  and  intense  cultivation  which  is 
essential  to  the  success  of  any  irrigated  region. 

INT^ESTIGATIONS  IN  ARIZONA. 

By  Arthur  P.  Davis,  Supervising  Engineer. 

The  irrigation  project  contemplated  for  first  consti-uction  in  Arizona 
is  a  storage  reservoir  on  Salt  River  at  the  mouth  of  Tonto  Creek.  It 
will  directly  irrigate  about  150,000  acres  of  land  near  Phoenix,  the 
capital  of  the  Territory,  and  will  furnish  power  for  the  irrigation  of 
possibly  50,000  acres  more  by  pumping  from  wells.  The  proposed 
reservoir  site  is  very  nearly  inaccessible,  being  remote  from  railroad 
connections  and  surrounded  by  rough  mountains  and  profound  canyons. 

Borings  were  made  on  this  site  in  1901  at  the  expense  of  a  water- 
storage  commission  that  had  been  organized  under  the  laws  of  the 
Territory  of  Arizona  and  had  been  provided  with  funds  raisexl  b^-  taxa- 
tion in  the  county  of  Maricopa,  which  includes  all  the  irrigable  lands. 
The  borings  proved  the  foundation  and  all  conditions  to  be  favorable. 
On  the  dam  site  finally  adopted  the  deepest  hole  to  bed  rock  is  28  feet, 
and  the  rock  is  of  the  most  excellent  character.  Samples  of  the  rock 
were  crushed  in  the  crushing  machine  of  the  navy -yard  at  Washington 
and  showed  higher  tests  than  average  gmnite  used  for  building  pur- 
poses. In  fact,  the  machine  used  for  the  testing  had  never  been  put 
under  such  a  strain  before. 

From  the  direction  of  Phoenix  there  is  no  road  except  one  that  is 
very  roundabout  and  very  long.  There  is  a  very  rough  trail  through 
the  country,  which  can  be  followed  with  difficulty.  The  easiest 
method  of  gaining  access  to  the  dam  site  is  by  leaving  the  main  line 
of  the  Southern  Pacific  at  Bowie  and  there  taking  a  branch  road,  about 
125  miles  long.  This  road  has  no  competitors  and  its  I'ates  are  exceed- 
ingly high.  At  the  former  freight  rates  and  prevailing  prices  the 
cheapest  first-class  cement  that  could  be  laid  down  at  the  end  of  the 
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branch  would  cost  $7.89  a  barrel,  and  the  additional  wagon  haul  would 
bring"  the  cost  still  higher. 

For  a  structure  requiring  over  200,000  barrels,  the  cost  of  cement 
alone  is  immense.  To  avoid  bringing  in  the  great  quantity  required, 
search  was  made  for  cement-making  material  near  the  dam  site,  and  it 
\^as  found  that  materials  suitable  for  the  manufacture  of  Portland 
cement  can  be  obtained  in  the  vicinity.  These  materials  were  first 
tested  in  1901  by  the  chemist  of  the  cement  works  at  Colton,  Cal.,  who, 
after  a  thorough  trial,  reported  that  they  were  suitable  for  making  a 
true  Portland  cement  of  a  superior  quality.  To  check  this  determina- 
tion further  tests  of  the  material  were  made  by  a  firm  in  Philadelphia, 
and  their  analysis  also  shows  that  it  may  be  used  for  manufacturing  a 
first-class  article.  It  has  been  found  that  the  building  and  machinery 
for  a  cement  plant  there  will  cost  about  $120,000.  The  actual  cost  of 
manufacturing  the  cement,  after  constructing  the  mill  and  providing 
power,  will  be  about  $2  a  barrel.  By  adding  this  to  the  cost  of  the 
plant  it  will  be  seen  that  the  cement  will  cost  $2.50  a  barrel. 

We  have  also  been  handicapped  in  the  matter,  of  power.  There  is 
very  little  fuel  in  the  valley,  just  a  little  scrubby  mesquiteand  sparsely 
scattered  cotton  wood.  We  would  be  seriously  handicapped  in  getting 
fuel  into  the  country  because  of  the  poor  transportation  facilities.  To 
overcome  this  difficulty  it  is  proposed  to  develop  water  power  in  the 
river.  The  water  can  be  diverted  through  a  canal  about  18  miles  long, 
and  ample  power  can  thus  be  developed  for  all  purposes  for  which 
power  can  be  used  in  the  construction  of  a  large  work  of  this  kind, 
and  afterwards  used  for  pumping. 

A  unique  feature  of  this  project  is  the  proposal  to  utilize  the  power 
generated  by  drawing  water  from  the  reservoir  under  full  head  through 
water  wheels  and  transmitting  it  a  distance  of  60  miles  to  the  valley 
below  for  power  purposes. 

Fifteen  years  ago  the  highest  dam  in  the  world  was  the  Furens  dam, 
in  France.  Its  total  height  was  about  170  feet.  Since  that  time  three 
structures  in  the  United  States  of  very  much  larger  dimensions  have 
been  commenced  and  are  nearing  completion.  One  is  for  the  city 
waterworks  of  New  York,  on  the  Croton  River;  another  is  for  the  water- 
works of  Boston,  at  Clinton;  the  third  is  for  the  waterworks  of  Denver, 
on  the  South  Fork  of  the  South  Platte  River.  These  dams  are  all 
much  higher  than  the  Furens  dam  in  France.  £ach  one  will  in  some 
respect  hold  the  record  for  high  dama;  the  Croton  dam  will  be  the 
largest  mass  of  masonry;  the  dam  at  Clinton  will  impound  the  largest 
quantity  of  water,  and  the  dam  on  the  South  Platte  will  be  the  highest. 
When  completed,  as  proposed,  the  dam  on  Salt  River  will  be  the 
highest  dam  in  the  world,  and  will  impound  twice  as  much  water  as  all 
1KB  93—04 ^9 
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these  three  reservoirs  put  together.  It  will  be  about  270  feet  in  total 
height  and  will  impound  1,200,000  acre-feet  of  water,  forming-  the 
largest  artificial  stoi-age  reservoir  yet  constructed. 

SAIiT  RIVER  VAIiliEY  WATER  USERS'  ASSOCIATIONS^. 

By  B.  A.  Fowler. 

[Mr.  B.  A.  Fowler,  president  of  the  Salt  River  Valley  Water  Users- 
Association,  described  the  steps  leading  up  to  the  organization  of  this 
association  and  the  difficulties  encountered. 

The  Salt  River  Valley  Water  Users'  Association  is  the  first  organiza- 
tion created  to  operate  under  the  terms  of  the  reclamation  law.  Section 
6  of  that  law  states  that  "The  management  and  operation  of  the  irriga- 
tion works  shall  pass  to  the  owners  of  the  land  irrigated  thereby,  to  be 
maintained  at  their  expense,  under  such  form  of  organization  and  under 
such  rules  and  regulations  as  may  be  acceptable  to  the  Secretary  of  the 
Interior." 

Where  there  are  considerable  bodies  of  land  in  private  ownership, 
and  where  a  large  number  of  persons  must  be  dealt  with,  it  is  evident 
that  the  earlier  organizations  like  those  contemplated  by  the  act  are 
created,  the  more  definitely  will  the  work  proceed.  It  is  necessary, 
for  promptness  of  action  with  these  persons,  to  have  a  common  agent 
or  representative  to  transact  business.  In  order,  therefore,  to  bring 
about  the  construction  of  the  Salt  River  dam  in  Arizona  the  above- 
named  organization  has  been  formed.  Being  the  first  of  its  kind,  it 
was  necessary  to  consider  many  matters  which  subsequent  organiza- 
tions will  probably  adopt  without  further  thought. 

The  articles  of  incorporation,  resulting  from  much  deliberation  and 
correspondence,  are  presented  in  the  following  pages.  It  is  thought 
that  these  cover  most  of  the  requirements  of  law  and  good  admin- 
istration.] 

CONDITIONS  IN  SALT  RIVER  VALLEY. 

The  first  irrigation  ditch  in  Salt  River  Valley,  Arizona,  was  dug  in 
1868.  As  the  population  increased  other  ditches  and  canals  followed, 
until  there  are  now  about  14. 

The  early  settlers  had  water  in  abundance,  and  no  one  then  antici- 
pated a  scarcity;  but  as  from  time  to  time  additional  land  was  put 
under  cultivation  it  became  evident  that  the  use  of  more  economical 
methods,  the  better  conservation  of  the  normal  supply,  and  the 
impounding  of  winter  floods  were  of  vital  importance.  Several  unor- 
ganized and  short-lived  movements  to  procure  a  reservoir  or  some 
system  of  water  storage  for  the  valley  were  made  prior  to  19(X),  but 
these  accomplished  nothing  except  to  arouse  a  temporary  interest  in 
the  subject. 
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In  April,  1900,  the  valley  was  beginning  to  feel  the  effects  of  a 
drouth  which  had  continued  for  nearly  two  years  with  increasing 
severity.  At  that  time  the  Phoenix  and  Maricopa  County  Board  of 
Trade  appointed  a  committee  of  five  members  to  investigate  and  report 
upon  conditions  and  needs  and  to  devise  ways  and  means  for  providing 
a  water  supply  sufficient  for  the  purposes  of  irrigation.  This  com- 
mittee published  a  report  the  following  month,  which  was  widely  cir- 
culated throughout  the  valley,  and  led  to  the  calling  of  a  mass  meeting 
of  the  landowners  on  Friday,  August  31,  1900,  in  the  Grand  Opera 
House  at  Phoenix.  The  auditorium  was  filled  with  an  eager  and 
interested  assemblage  of  landowners  from  all  parts  of  the  valley,  who 
continued  in  session  all  day. 

As  a  result  of  this  meeting  a  water-storage  committee  of  25  mem- 
bers was  selected,  each  canal  being  represented,  to  which  was  added 
the  five  members  of  the  board  of  trade  committee.  Immediately  upon 
the  adjournment  of  the  meeting  this  committee  organized,  and  on  the 
following  Monday  held  a  meeting,  at  which  a  committee  of  five  was 
appointed  by  the  chair  to  nominate  subcommittees  to  investigate  and 
report  upon  various  subjects  connected  with  irrigation.  Frequent 
meetings  were  held  b}'  the  executive  committee,  and  diligent  investi- 
gation and  correspondence  were  begun  wherever  the  different  com- 
mittees thought  to  gain  reliable  information  which  might  be  utilized. 

The  interest  of  the  entire  valley  had  by  this  time  become  aroused  to 
the  paramount  importance  of  the  water  question,  and  it  was  felt  that 
far-reaching  legislation  on  this  subject  would  in  all  probability  be 
enacted  by  the  next  territorial  legislature.  Accordingly,  the  friends 
of  water  storage,  in  November,  1900,  elected  representatives  to  that 
body  in  sympathy  with  the  movement,  and  also  sent  a  delegate  to  the 
National  Irrigation  Congress,  held  at  Chicago,  111.,  the  same  month. 

SURVEYS  IN  THE  VALLEY. 

About  this  time  a  letter  was  sent  to  the  Secretary  of  the  Interior 
by  Mr.  B.  A.  Fowler,  as  president  of  the  Salt  River  Valley  water- 
storage  conMnittee,  setting  forth  the  conditions  existing  in  the  valley 
and  the  action  taken  by  the  residents,  and  offering  on  their  behalf  to 
contribute  the  sum  of  $1,500,  to  be  expended  for  investigations  if  an 
equal  amount  should  be  allotted  from  the  funds  of  the  United  States 
Geological  Survey.^ 

This  letter  was  referred  to  the  Director  of  the  Geological  Survey, 
who  replied  to  the  Secretary  of  the  Interior  on  January  14,  1901, 
recommending  the  expenditure. 

Hydrographic  work  was  pushed  on  Verde  River  through  the  winter 
and  later  in  the  Tonto  Basin  on  Salt  River.      In  the  meantime  an 


oSee  Water-Sup.  and  Irr.  Paper  No.  73,  U.  S.  Gaol.  Survey,  1903,  p.  10. 
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act  was  passed  b}^  the  Arizona  legislature,  then  in  session,  creating 
a  *' water-storage  commission,"  providing  for  a  tax  levy  of  about 
$14,000  a  year  for  two  3'^ears  for  purposes  specified,  and  authorizing 
the  commission  "  to  cooperate  with  or  contribute  toward  the  expenses 
of  any  investigations  now  being  made  or  hereafter  to  be  made  by  the 
United  States  Geological  Survey." 

The  hydrographic  and  preliminary  work  continued  throughout  1901 
and  into  1902.  Up  to  this  time  efforts  had  been  concentrated  on  pro- 
curing all  reliable  data  obtainable  before  deciding  how  best  to  secure 
construction.  There  were  many  plans  and  schemes,  but  only  two  met  • 
with  much  favor.  One  was  to  make  it  an  object  for  private  capital  to 
construct,  the  other  was  that  the  county  should  build  and  issue  bonds 
in  payment  for  the  work.  Both  ways  were  beset  with  difficulties  and 
risks,  and  each  met  with  decided  opposition.  There  were  a  few  who 
dared  hope  for  Government  aid,  and  firmly  believed  that  national  irri- 
gation was  near  at  hand.  But  by  the  great  majority  these  were  called 
"  rainbow  chasers,"  '*  dreamers  from  dreamland,"  and  considered  a 
little ''off." 

PASSAGE  OF  THE  RECLAMATION  ACT. 

Meanwhile  the  national  irrigation  movement  was  steadily  growinj^^ 
the  country  over,  and  finally  crystallized  into  the  reclamation  act  of 
June  17,  1902.  Under  it  the  people  of  Salt  River  Valley,  or  many  of 
them  at  least,  realized  that  they  might  become  its  beneficiaries,  and 
without  delay  began  to  put  themselves  in  harmony  with  its  require- 
ments, as  they  intei*preted  them.  There  was  no  official  interpreta- 
tion, no  court  construction,  no  authorities  to  be  consulted.  The  only 
guide  was  the  law  itself — new,  untried;  a  magnificent  experiment. 

MEETING  AT  PHOENIX. 

A  mass  meeting  was  called  in  the  court-house  at  Phoenix,  August 
2,  1902,  at  which  was  chosen  a  committee  of  25  citizens,  representa- 
tives of  the  various  canals,  to  be  known  as  "The  Water  Storage 
Conference  Committee,"  which  was  organized  one  week  later.  At 
this  meeting  an  invitation  was  extended  to  Mr.  George  H.  Maxwell, 
executive  chairman  of  the  National  Irrigation  Association  and  the 
active  exponent  of  its  work,  to  come  to  the  valley  and  assist  in  formu- 
lating a  plan  in  accord  with  the  national  irrigation  act.  Responding 
to  the  invitation,  Mr.  Maxwell  came  and  addressed  a  large  meeting 
of  farmers  and  landowners  August  9,  1902,  and  outlined  a  plan  of 
action,  which  met  with  general  approval. 

JUDGE  KIBBEY's  ADDRESS. 

Early  in  September,  1902,  Judge  Joseph  H.  Kibbey,  of  Phoenix, 
author  of  the  well-known  "Kibbey  decision,"  presented  to  the  com- 
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mittee  for  consideration  a  plan,  comprehensive  in  scope  and  rich  in 
practical  suggestions,  drawn  from  a  wide  and  varied  experience  of 
many  years  in  dealing  with  such  matters.  In  the  statement  of  his  plan 
Judge  Kibbey  said: 

The  earliest  legislation  in  this  Territory  recognized  the  right  of  appropriation  of 
water  from  its  streams,  lakes,  etc.,  for,  among  other  things,  the  cultivation  of  the 
soil,  and  recognized  that  appropriators  are  entitled  to  priority  of  use  of  the  water  in 
the  order  of  the  dates  of  appropriation,  and,  I  think,  by  necessary  inference,  the 
right  is  appurtenant  to  the  land  for  which  it  was  appropriated,  as  the  right  waa 
limited  expressly  to  the  owners  or  occupants  of  the  lands. 

In  1877  Congress,  pursuing  the  long-settled  policy  of  having  actual  tillers  of  the 
soil  as  the  owners  of  the  national  domain,  provide<l  by  the  enactment  of  the  "desert- 
land  law  "  that  the  entryraan  could  acquire  title  by  paying  a  nominal  sum  per  acre  for 
the  naturally  desert  land,  and  authorized  him  to  appropriate  water  from  the  public 
sources  of  supply  for  its  reclamation  and  cultivation.  This  law  gave  priority  of  right 
to  such  appropriators  in  the  order  of  the  times  of  appropriation,  and  upon  proof  of 
such  reclamation  and  the  permanent  right  to  the  use  of  water  the  Goverment  trans- 
mitted to  the  entryman,  by  the  same  deed,  a  title  to  both  land  and  water. 

The  latest  act  of  Congress,  the  Newlands  Act,  contemplates  that  stored  or  other 
water  impounded  or  developed  under  its  provisions  shall  be  used  only  by  those 
acquiring  the  right  to  use  it  under  the  act,  and  that  the  right  shall  be  inseparable 
from  the  land.  Thus  we  have  defined  the  status  of  the  landowner  who  has  a  right 
to  the  use  of  water. 

The  acts  constituting  an  appropriation  of  water  are  held  to  be — 

(1)  The  diversion  of  the  water  from  the  source  of  supply. 

(2)  The  conveyance  of  the  water  to  the  place  of  use. 

(3)  The  actual  use 

These  different  acta  may  be,  and  in  practice  in  this  valley  are  most  frequently, 
performed  by  two  different  persons;  that  is,  the  diversion  and  carrying  or  convey- 
ance is  by  one  (an  association  or  a  corporation  usually),  and  the  actual  use  by 
another  (the  landowner  or  occupant).  The  landowner  or  occupant  is  the  appro- 
priator,  for  by  the  law  he  is  the  only  one  who  can  appropriate  water,  and  the  carrier 
is  merely  an  agency  adopted  by  the  appropriator  to  effect  the  appropriation.  The 
relation  of  the  one,  the  appropriator,  to  the  other,  the  carrier,  must  arise  by  contract, 
express  or  implied,  or,  if  the  term  may  be  used  to  promote  brevity  of  expression,  by 
estoppel. 

Now  it  is  probable  that  of  these  propositions  none  will  remain  undisputed  by  some 
of  those  whose  interests  are,  or  seem  to  be,  variant.  The  first,  or,  in  any  event,  the 
most  essential  thing  to  be  done,  is  to  settle  these  disputed  questions,  and  if  success 
is  to  be  attained  it  is  submitted  they  must  be  settled  aa  here  stated.  To  settle  them 
by  simple  agreement  is  impracticable,  for  that  involves  unanimity  of  all  the  disput- 
ants, which  is  hopeless;  and  it  would  be  difficult  to  frame  an  agreement  so  definitive 
of  the  rights  of  all  the  parties  that  it  would  be  satisfactory  to  either  the  Government 
or  to  the  parties  themselves.  Nothing  short  of  a  decree  of  a  court  of  competent  juris- 
diction will  sufiice,  for  that  alone  can  be  either  definitive  or  final. 

A  very  casual  consideration  of  the  Hansbrough-Newlands  Act  will  make  apparent 
the  absolute  necessity  for  this  settlement.  It  may  be  assumed  that,  from  motives  of 
self-interest — which  in  any  case  are  always  the  safest  to  which  to  appeal — if  from  no 
others,  the  appropriators  and  the  carriers  of  water  in  this  valley  urgently  desire  a 
prompt,  definite,  and  final  adjustment  of  these  questions. 

The  variant  interests  may,  in  a  broad  way,  be  divided  into  two  classes;  that  is,  the 
water  users  and  the  carriers,  where  the  user  is  not  also  the  carrier.  There  will  have 
to  be  settled  among  the  one  class,  the  users,  the  question  of  time  and  extent  of 
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appropriation  of  water,  and  as  to  them,  the  fact  that  the  right  to  use  water  i»  appur- 
tenant to  the  land  for  which  it  was  appropriated.  Among  those  of  the  other  class, 
the  carriers,  assuming  that  they  may  preserve  their  autonomy,  there  will  arise 
questions  of  their  relative  rights  to  divert  and  carry  water.  All  these  questions  are 
preliminary  to  and  independent  of  any  consideration  of  the  admin istnation  of 
stored  water,  and  are  questions  in  the  determination  of  w^hich  the  GrovemtDent 
probably  can  not  and  certainly  will  not  engage.  They  must  be  settled  before  we 
can  go  to  the  Grovemment  at  all.  It  may  be  taken  for  granted  that  the  Hanpl>rou^- 
Newlands  Act  will  be  construed  to  authorize  the  construction  of  reservoirs  for  the 
storage  of  water  for  the  irrigation  of  lands  now  in  private  ownership  for  'whifh 
there  is  only  a  partial  and  hence  an  inadequate  supply.  This  construction  f«eeina 
easily  warranted,  and  is  in  entire  consonance  with  the  purposes  of  the  act. 

The  act  also  contemplates  the  organization  of  the  owners  of  the  lands  irrigated  by 
the  reservoir  or  other  works  into  an  association  for  the  management  and  opera- 
tion of  the  works;  but  this  management  and  operation  will  not,  under  the  temua  of 
the  act,  vest  in  such  association  until  the  major  part  of  the  cost  of  the  works  shall 
have  been  repaid  to  the  Government. 

The  cost  of  the  reser\'oir  at  Tonto  (or  practically  all  of  it)  will  have  to  be  aaseaeed 
against  the  land  that  is  held  in  private  ownership,  at  a  rate  per  acre  to  be  fixed  T>t 
the  Government.  This  assessment  will  be  divided  into  annual  payments  extending 
over  a  period  of  not  more  than  ten  years,  and  beginning  at  a  time  to  be  fixed  l>y 
the  Secretary  of  the  Interior,  probably  when  the  reservoir  is  ready  for  service. 

The  act  suggests  that  the  Government  will  provide  its  own  means  for  enforcing? 
payment  of  these  assessments,  except  possibly,  and  perhaps  preferably,  if  the  plan 
of  association  hereafter  proposed  shall  be  approved  by  the  Secretary  of  the  Interior 
and  the  association  selected  as  the  medium  of  the  collection  of  these  payments  to  tlie 
Government. 

Now,  if  a  plan  can  be  devised  whereby,  first,  all  disputes  among  the  variant  inter- 
ests concerned  in  the  storage  project  may  be  settled  so  finally  and  definitely  that  the 
Government  may  have  no  concern  in  that  respect;  and,  second,  the  owners  of  land 
now  in  private  ownership  and  homesteaders  under  the  act  shall  initiate  rights  to  the 
use  of  the  stored  water  in  the  manner  outlined  in  the  act  in  such  numbers  as  to  war- 
rant the  Government  in  the  belief  that  sufficient  money  will  ultimately  be  repaid  to 
reimburse  it  for  its  expenditure  in  the  construction  of  the  reservoir,  then  we  have 
brought  ourselves  within  the  purpose  and  scope  of  the  act  and  subjected  oureelven  to 
its  conditions  and  have  reason  to  believe  that  our  apphcation  will  be  favorably  enter- 
tained by  the  Secretary  of  the  Interior. 

To  accomplish  these  things  it  is  proposed  to  at  once  organize  the  association  of 
water  users  contemplated  by  the  act  itself.  They  should  incorporate  under  the 
laws  of  the  Territory  of  Arizona.  Those,  and  those  only,  who  have  initiated  rights, 
or  may  initiate  rights  to  the  use  of  water  from  the  reservoir,  should  become  constit- 
uent members.  The  act  defines  those  to  be  homesteaders  or  owners  of  lands  now  in 
private  owTiership,  who  initiate  rights  to  stored  water  under  the  provisions  of  that 
act. 

The  capital  stock  should  be  a  sum  equal  to  the  estimated  cost  of  the  reservoir  and 
other  works  undertaken  by  the  Government  and  should  be  divided  into  a  number 
of  shares  equal,  at  a  conservative  estimate,  to  the  number  of  acres  that  may  be  so 
supplied  with  stored  or  other  water.  The  division  of  the  entire  fixed  capital  by  the 
number  of  shares  so  ascertained  will  of  course  fix  the  par  value  per  share  of  the 
stock.  As  the  proposed  stockholders  can  not  now  initiate  their  water  rights  under 
the  reservoir,  and  can  not  do  so  until  the  Government  shall  offer  them  for  acqui- 
sition, the  subscription  for  the  stock  should  be  for  a  cash  payment  for  it  at  par,  with 
a  provision  in  the  articles  of  incorporation,  made  irrevocable  except  upon  proper 
consent  of,  say,  the  holders  of  three-fourths  of  the  stock;  that  the  stock  of  any  sub- 
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seriber  shall  be  deemed  fully  paid  up  upon  the  production  by  him  of  proper  evidence 
tliat  he  has  initiated  a  right  under  the  reservoir,  conditioned  for  forfeiture  for  his 
failure  to  comply  with  his  engagement  with  the  Government,  or  with  the  association 
as  the  agent  of  the  Government  for  that  purpose,  in  like  manner  and  under  the  same 
circumstances  as  imposed  by  the  Government,  and  that  until  that  time  the  sub- 
scribers of  the  capital  stock  subscribed  for  shall  not  be  subject  to  be  called  upon  for 
payment  of  their  subscriptions. 

In  no  event  does  the  proposed  corporation  deal  with  the  Government  in  its  cor- 
porate (Opacity  in  initiating  or  perfecting  any  individual  right;  all  those  negotiations 
are  by  the  individual  with  Ihe  Secretary  of  the  Interior,  precisely  as  though  there 
were  no  such  corporation,  or  as  though,  if  there  were  one,  the  individual  was  not  a 
member  of  it « 

The  initiation  of  the  acquisition  of  the  right  and  its  final  perfection  are  mere 
qualifications  to  membership  of  the  proposed  corporation,  and  it  is  the  principal 
qualification  required  by  section  6  of  the  Hansbrough-Newlands  Act  for  membership 
in  such  an  organization. 

In  making  estimates  the  greatest  care  and  the  most  conservative  course  should  be 
taken.  If  error  is  made  in  fixing  the  estimate  of  cost  too  high  and  the  extent  of 
acrei^  of  land  too  low  they  can  be  corrected  to  meet  the  event  with  advantage  to 
all;  while  if  the  estimate  of  cost  is  made  too  low  and  estimate  of  irrigable  acreage 
too  high  the  mistake  can  not  be  remedied.  To  exceed  the  limits  ultimately  and 
irrevocably  fixed  by  conditions  in  the  estimate  of  lands  capable  of  irrigation  by  the 
reservoir  is  disastrous.  We  can  expand  to  meet  conditions;  contraction  is  imprac- 
ticable, if  not  impossible. 

Until  the  management  and  operation  of  the  works  shall  be  turned  over  to  the 
associated  land  owners  having  rights  under  the  reservoir,  the  Government  will  of 
course  have  the  administration  of  the  stored  water;  and  that,  it  may  be  assumed, 
will  be  in  accordance  with  expressed  wishes  of  the  right  owners  whether  expressed 
by  them  jointly  through  their  association  or  by  them  individually.  A  partnership 
of  Government  and  association  is  not  proposed,  nor  can  there  be  interference  by 
the  association,  either  with  the  purpose  of  the  Government  or  its  methods.  Both 
are  independent,  seeking  to  accomplish  a  common  purpose,  with  the  association 
always  subordinate  to  the  Government,  until  by  lapse  of  time  and  in  the  course  of 
events,  the  management  and  operation  of  the  works,  by  the  terms  of  the  law, 
vests  in  the  association. 

Now,  it  may  happen  that  some  may  subscribe  to  these  articles  of  incorporation  who 
may  never  qualify  by  becoming  the  initiators  of  rights  under  the  reservoir,  either 
because  they  do  not  apply  to  become  so  or  because  there  may  not  be  enough  rights 
to  be  had.  To  meet  this  condition  a  provision  should  be  made  that  applications 
can  be  made  for  such  rights  within  a  reasonable  time,  failing  which  the  subscribers 
shall  become  disqualified,  shall  be  released  from  his  cash  subscription,  and  shall  lose 
his  rights  as  a  stockholder. 

Incident  to  the  power  to  manage  and  operate  the  work  constructed  by  the  Gov- 
ernment as  provided  in  section  6  of  the  act,  are  naturally  the  power  to  acquire  the 
means  of  distribution  of  the  water  stored  and  developed — as  waterways,  pipe  lines, 
flumes,  gates,  dams,  etc. — and  to  acquire  or  use  agencies  for  that  purpose,  and  to 
manage  and  control  any  of  these,  according  to  the  rules  prescribed  by  the  Govern- 
ment as  to  the  stored  water,  pending  the  vesting  of  that  management  and  operation 
in  the  association;  and  independent  of  that,  but  of  course  never  inconsistently,  to 
distribute  other  than  stored  water,  as  long  and  in  so  far  as  a  distinction  can  be  and 


aSJnce  writing  this  Mr.  George  H.  Maxwell,  in  his  address  to  the  people  here  on  August  9, 1902,  sug- 
gested that  the  Qoveniment  would  probably  prefer  to  deal  with  the  association  rather  than  with 
individiials  who  seek  to  acquire  rights  under  the  reservoir.  If  so,  that  would  simplify  matters,  and 
the  association  could  become  pzactically  the  agency  of  the  Government  in  that  respect 
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is  desired  to  he  preserved  between  stored  water  and  that  normally  flowing  in  the 
rivers.  Those  powers  should  be  carefully  defined  and  stated  in  the  articlee  of  incor- 
poration and  yet  made  comprehensive  enough  to  meet  any  conditions  existent  or 
that  can  be  anticipated. 

There  are  now  waterways  and  other  means  of  distribution  in  the  valley  more  or 
less  adapted  to  the  needs  of  distribution  of  stored  as  well  as  other  water.  ProvisiaD 
should  be  made  for  the  use  of  these  means,  or  such  of  them  as  may  be  expedient^ 
and  also,  if  after  careful  consideration  it  be  deemed  best,  for  the  acquisition  of  new 
and  other  ireans.  It  seems  almost  too  flat  a  truism  to  say  that  the  Government  will 
not  undertake  to  store  water  if  there  are  no  means  provided  for  its  distribntion  to 
the  users — ^and  those  means  must  be  adapted  to  that  purpose.  It  is  true  that  the  act 
may  be  construed  to  authorize  the  Secretary  of  tlie  Interior  to  construct  or  oth^-wise 
acquire  means  of  distribution  of  the  stored  water,  but  it  seems  unreasonable  to  expect 
it,  under  the  conditions  prevalent  in  this  valley. 

As  the  means  for  the  distribution  of  stored  water  is  so  necessary  an  adjunct  to  the 
storage  works,  the  Government  will  naturally  and  logically  require  that  the  means 
of  distribution  shall  be  coextensive  with  the  storage  works  themselves,  entirely 
adequate  to  the  service,  and  subject  irrevocably  to  all  the  rules  of  practicai  use 
necessary  to  accomplish  the  purpose  of  the  construction  of  the  storage  works — i.  e., 
the  use  of  the  water  so  stored. 

The  owners  of  the  jiresent  canals  have  certain  rights — property  rights — of  which 
they  can  not  be  divested  without  their  consent  eiccept  by  the  exercise  of  the  power 
of  eminent  domain.  Yet  it  is  extremely  desij9.ble  that  the  means  of  distribution  of 
all  water,  stored  and  other,  shall  be  under  the  immediate  and  exclusive  manage- 
ment and  control  of  the  water  users.  Several  plans  suggest  themselves  for  the 
accomplishment  of  this  desideratum. 

If  the  canal  companies,  the  owners  of  most  of  the  canals,  should  preserve  their 
autonomy  and  the  ultimate  title  to  their  property,  then  a  perpetual  contract  could 
be  entered  into  between  them  individually  with  the  aBsociation  of  water  users, 
whereby: 

First.  The  property  shall  be  perpetually  leased  to  the  association  for  an  agreed 
reserv^ed  rental,  payable  annually  or  otherwise,  with  a  right  to  the  assodation  to 
purchase;  or 

Second.  The  canal  company  shall  undertake  to  carry  and  distribute  stored  and 
other  water  to  its  customers  at  a  reasonable  cost,  to  be  agreed  upon  between  the 
company  and  its  customers,  subject,  however,  to  the  rules  of  the  Government  as 
prescribed  by  it  for  the  distribution  of  stored  water,  and  to  the  rules  prescribed  by 
the  association  for  the  distribution  of  both  stored  and  other  water,  not  inconsistent 
with  those  prescribed  by  the  Government,  with  an  agreement  to  sell  to  the 
association. 

Either  of  these  plans  fall  short  of  the  desideratum,  and  involve  many  difficulties. 
Still  they  are  both  practicable.  Each  of  the  above  propositions,  it  will  be  noted, 
reserves  to  the  association  the  privilege  of  purchase.  Many  contingencies,  too 
numerous  to  mention  here,  but  necessary  to  be  considered,  are  to  be  met,  as  expira- 
tion of  corporate  franchises,  existing  contracts,  mortgages,  etc. ;  difficulties  not  insu- 
perable, but  tedious  and  complex  in  the  working  out 

A  more  desirable  plan  involves  the  purchase  outright  by  the  association  of  such  of 
the  canals  and  other  works  as  may  be  found  necessary  or  desirable  for  the  puTpoe(*s 
of  the  association.  A  rather  anomalous  situation  would  arise  between  the  proposed 
association  and  the  canal  companies  considered  as  possible  purchaser  and  seller. 
There  would  be  but  one  possible  purchaser  and  that  purchaser  would  be  desirous  to 
buy,  and  there  would  be  but  one  seller  and  he  would  be  desirous  to  sell;  it  would 
seem,  therefore,  that  they  should  easily  agree  upon  terms. 


J 
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The  maximum  valae  of  the  property  to  be  sold  is  simply  the  amomit  of  money 
necessary  to  construct  a  new  system  of  canals,  etc.,  adequate  to  the  carriage  and  dis- 
tribution of  both  stored  and  other  water. 

If  this  plan  of  purchase  were  adopted  it  would  have  to  l)e  after  it  was  found  to  be 
desirable — after  negotiations  had  progressed  so  far  as  to  determine  the  price  and  the 
terms  of  payment.  The  price  should  be  satisfactory  and  the  terms  of  payment 
should  be  so  adjusted  as  to  be  conveniently  met  by  the  purchaser.  In  this  plan,  as 
in  the  others  suggested,  there  will  be  difficulty  in  adjusting  the  rights  of  lienors  and 
others  who  will  have  to  be  dealt  with  before  final  consummation.  The  rights  of 
water-right  owners  offer  no  obstacle,  for  if  the  association  is  formed  as  suggested,  and 
a  purchase  of  any  or  all  of  the  canals  are  effected  by  it,  the  water-right  owner's  right 
is  replaced  by  a  better  one  in  the  association  and  merged  in  it,  as  will  be  hereafter 
explained. 

Another  plan,  and  the  simplest,  is  to  acquire  the  canals  by  the  exercise  of  the 
power  of  eminent  domain — by  condemnation  proceedings.  This  plan  may  be 
adopted  to  acquire  the  title  to  one  or  more  of  the  canals,  or  of  all  of  them  seriatim, 
as  the  association  may  elect,  the  proceedure  being  entirely  adequate  to  those  ends. 
This  plan  eliminates  in  a  great  measure  a  consideration  of  the  right  of  lienors,  etc., 
as  they  are  transferred  to  the  fund  created  by  the  payment  of  the  assessed  damages. 

Finally,  the  association  may  construct  its  own  system  of  canals  and  other  dis- 
tributing works. 

The  cost  of  the  several  plans  that  may  be  considered  might  and  should  have  con- 
siderable influence  in  the  determination  of  the  selection  of  a  plan. 

Now,  as  the  raising  of  funds  for  meeting  the  cost  under  any  plan:  The  articles  of 
incorporation  should  provide  that  all  the  ordinary  expenses  of  maintenance  and 
operation  should  annually  or  at  other  stated  intervals  be  estimated  by  the  directors 
and  assesed  pro  rata  by  the  number  of  acres,  against  the  stockholders,  and  that  when 
an  extraordinary  expenditure  is  contemplated,  as  for  the  purchase,  construction,  or 
other  method  of  acquisition  of  a  canal  or  other  works,  exceeding  in  cost,  say  $5,000, 
the  board  of  directors  shall  formulate  a  proposition  for  the  same  to  be  submitted  to 
the  stockholders.  The  proposition  should  contain  a  statement  of  the  purpose  of  the 
contemplated  expenditure  and  the  estimated  amount  of  it,  full  enough  to  acquaint 
the  stockholders  in  a  general  way  of  the  purpose  of  the  expenditure.  Upon  a  reso- 
lution of  two-thirds  of  the  directors  a  special  meeting  of  the  stockholders  should  be 
called  to  consider  the  proposition  submitted,  and  if  holders  of  two-thirds  of  the  stock 
should  vote  in  favor  of  the  proposition  the  directors  should  proceed  to  carry  on  the 
work  proposed,  and  should  assess  the  estimated  cost  thereof  against  the  stockholders, 
as  hereinafter  proposed. 

For  the  purpose  of  these  extraordinary  expenses  the  country  embraced  in  the 
lands  under  cultivation  by  stockholders  of  the  association  should  be  divided  into  dis- 
tricts. These  districts  should  be  made  severally  to  consist  as  nearly  as  may  be  prac- 
ticable of  lands  immediately  supplied  by  the  canal  system;  as,  for  example,  the  lands 
under  the  Salt  River  Valley  canal  should  constitute  one  district,  those  under  the 
Maricopa  another,  those  under  the  Utah  another,  and  so  on.  Then  when  it  is  pro- 
posed by  the  association  to  expend  money  for  an  extraordinary  purpose,  as  for  the 
acquisition  of  a  canal  by  purchase,  condemnation,  or  construction,  the  cost  should 
be  assessed  against  the  stockholders  of  the  district  particularly  benfited,  and  among 
.those  in  that  district  as  they  are  individually  benefited. 

It  should  be  provided  that  if  in  particular  cases  it  should  seem  inequitable  to  assess 
the  whole  cost  against  a  particular  district,  then  the  council  should  have  power  to 
direct  what  portion  should  be  so  assessed,  and  what  portion  should  be  borne  by 
the  association  at  large. 

If  the  proposed  expenditure  is  not  all  required  to  be  made  in  one  year  the  assess- 
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mente  may  be  made  payable  in  annual  or  other  periodical  install mente,  adjusted  ^o 
as  to  meet  the  expenditure  as  they  may  be  required.  The  manner  of  enforcing  the 
payments  of  such  assessments  is  set  forth  in  another  place. 

The  articles  should  provide  that  the  shares  of  stockholders  should  lie  complete 
evidence  of  the  right  of  the  holder  to  the  use  of  the  water  for  the  irrigation  of  desig- 
nated land  at  the  rate  of  1  acre  for  each  share  of  stock,  subje<^t  to  the  rules  and  regu- 
lations prescribed  by  the  association  therefor;  that  the  ownership  of  stock  shoaltl  be 
evidenced  by  a  certificate  thereof,  duly  attested  by  the  proper  officers  of  the  a«?tx*ia- 
tion,  wherein  the  lands  to  which  the  water  right  is  appurtenant  are  describe*!  with 
certainty  sufficient  to  identify  them;  that  the  stock  should  be  transferable  on  the 
books  of  the  association,  but  as  appurtenant  to  the  lands  described  in  the  certificate, 
and  the  same  should  be  deemed  to  pass,  whether  expressly  conveyed  or  trannferreti 
by  any  conveyance  of  the  land,  or  pro  tanto  any  part  of  it,  to  the  successor  in  title, 
whether  such  transmission  of  title  is  by  grant  or  by  operation  of  law^  It  should  be 
further  provided  that  any  stockholder  by  the  act  of  subscription  shall  pledge  the 
land  and  appurtenances  for  which  water  rights  are  acquired  and  evidenced  by  such 
certificate  of  stock  for  the  prompt  payment  of  all  assessments  made  in  the  nuuiner 
prescribed  by  the  articles,  and  that  the  lien  for  the  payment  thereof  may  l>e 
enforced  by  a  sale  of  the  land  or  so  much  thereof  as  may  be  necessary  to  dischaifpe 
the  same  from  time  to  time,  and  as  often  as  such  assessments  are  in  default,  such 
sale  to  be  by  the  treasurer  of  the  association,  upon  due  notice,  and  at  a  place  dei«ig- 
nated,  with  a  reasonable  time  of  redemption  reserved.  The  particular  provi^ons 
concerning  the  enforcement  of  the  collections  of  the  assessments  should  he  verj' 
definitely  stated. 

The  creation  of  this  lien  will  probably  require  the  assent  of  the  wife  where  the 
land  is  community  property.  It  must  be  remembered  that  the  whole  matter,  what- 
ever plan  be  adopted,  will,  particularly  at  first,  involve  long  and  tedious  labor.  But 
there  is  no  evading  it,  and  it  ceases  to  be  formidable  when  it  is  considered  that  the 
work  is  no  more  difficult  than  the  assessment  of  county  taxes. 

Each  stockholder  of  at  least  one  share  should  be  allowed  one  vote  at  all  corporate 
elections,  and  only  one,  whatever  the  nimiber  of  shares  he  or  she  may  own,  and  his 
or  her  qualifications  as  an  elector  should  be  detennined  by  reference  to  the  associa- 
tion's books  as  they  appear,  say,  twenty  days  before  an  election.  In  no  event  should 
voting  be  permitted  by  proxy,  but  should  be  done  at  the  designated  polling  place  or 
places,  by  the  stockholder  in  person. 

Regular  elections  should  be  provided  for,  to  be  held  aimually  for  the  election  of 
directors  and  for  the  transaction  of  such  other  business  as  may  be  i)roperly  referable 
to  the  stockholders.  These  regular  elections  should  be  held  in  the  spring,  so  a.s  to  be 
free  from  the  influences  of  and  the  confusion  incident  to  a)imty  and  territorial  elec- 
tions. Specific  rules  governing  elections  should  be  provided,  as  for  polling  places, 
election  boards,  voting,  canvass  of  votes  and  returns,  etc.  Provision  should  be  made 
also  for  the  calling  and  holding  of  special  elections.  There  should  be  provide<l  a 
council,  in  whom  should  be  lodged  the  general  legislative  powers  of  the  corporation 
as  to  making,  modifying,  or  repealing  by-laws  for  the  government  of  the  membere 
and  the  directors.  The  council  should  consist  of,  say,  40  members,  who  should 
be  stockholders,  one-half  elected  every  year,  and  holding  two  years.  This  council 
should  meet  in  regular  session  at  designated  times  and  places,  and  specially  when 
called  by  the  directors,  or  by  a  designated  number  of  the  stockholders.  To  this  coun- 
cil should  be  left  the  general  matters  of  the  by-laws,  the  fixing  of  salaries,  and  com- 
pensation of  officers,  etc.  They  should  serve  without  compensation  and  be  governed 
in  the  transaction  of  their  business  by  rules  usually  governing  legislative  bodies. 

The  immediate  management  of  the  affairs  of  the  association  should  be  vested  in  a 
board  of,  say,  nine  directors,  and  in  such  officers  as  the  articles  of  the  association  or 
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the  council  may  prescribe.    The  board  should  hold  regularly  designated  meetings 
and  special  ones  in  a  manner  to  be  prescribed  by  the  by-laws.    The  directors  should 
be  allowed  a  proper  compensation,  to  be  fixed  by  the  council.    There  should  be  a 
president,  with  the  usual  executive  powers  of  that  office,  who  should  also  be  the 
presiding  officer  of  the  council.    There  should  also  be  a  secretary  and  treasurer 
exercising,  respectively,  the  usual  functions  pertaining  to  those  offices,  who  should  be 
required  to  execute  a  proper  bond  in  amount  and  w*ith  sureties  prescribed  by  the 
coancil.    Any  proposition  emanating  from  the  directors  that  may  involve  an  expendi- 
ture of  more  than  $10,000  should  be  first  approved  by  the  council  before  it  is  submitted 
to   the  stockholders.    The  council  may  prescribe  penalties  for  the  infraction  of 
by-laws  and  provide  that  those  imposed,  if  not  otherwise  discharged,  shall  be  added 
to  the  assessments  against  defaulting  stockholders  and  collected  as  assessments  are. 
A  discussion  of  the  rights  of  water  users  here  seems  unnecessary.    That  there  is  a 
priority  of  right  to  use  water  must  be  conceded.    Priority  of  appropriation  is  the 
fundamental  rule  of  all  property;  the  first  right  to  it  was  its  appropriation,  and  every 
right  is  traceable  to  it.     As  with  any  other  species  of  property,  so  it  is  with  the 
property  in  the  right  to  use  water.     If  there  is  enough  for  all  to  take  indefinitely, 
and  as  it  is  wanted,  the  exercise  of  the  right  by  one  person  conflicts  with  that  of  no 
other,  and  priority  becomes  a  distinction  of  no  practical  importance. 

If  the  reservoir  is  built  and  fulfills  our  expectations  there  will  be  no  distinction  in 
practice  in  the  distribution  of  stored  water  and  other  water,  whatever  its  source,  by 
the  general  reservoir  and  canal  system.  If  it  can  be  obtained,  there  will  be  applica- 
tions for  water  for  the  1,000,000  or  more  acres  susceptible  of  service.  But  there  will 
not  be  enough,  there  can  never  be  enough,  to  meet  the  demand. 

Then  how  shall  applicants  be  served?  It  is  the  most  logical,  the  most  natural,  the 
most  just,  and  the  most  practicable  plan  to  meet  the  demands  in  the  order  of  the 
existing  appropriations  until  they  are  supplied,  and  if  there  be  a  surplus  then  it  may 
be  supplied  to  new  lands  acquired  by  homesteading  under  the  provisions  of  the  New- 
lands  law. 

Enough  has  been  said  to  demonstrate  the  necessity  of  speedily  and  finally  settling 
the  question  of  priority  of  rights  of  land  owners  within  the  territory  proposed  to  be 
supplied  by  the  Tonto  reservoir.  Two  plans  suggest  themselves,  the  selection  of  one 
or  the  other  much  depending  upon  the  readiness  with  which  the  proposed  bene- 
ficiaries approve  of  either. 

One  plan  requires  the  agreement  of  all  the  water  users  to  submit  the  question  of 
the  date  of  appropriation,  the  extent  of  the  appropriation,  and  manner  of  use  to 
arbitrators  selected  under  the  statute  for  award  with  a  provision  that  the  award  shall 
be  final,  without  appeal,  and  that  the  award  be  made  a  decree  of  court. 

The  other  plan  is  to  institute  a  suit  in  the  district  court,  having  all  the  waters  users 
parties  plaintiff  or  defendant,  with  the  incidental  right  of  omitted  parties  to  make 
themselves  parties;  then  to  have  the  case  submitted  to  a  referee  to  report  to  the 
court  his  conclusions  as  to  time  and  extent  of  the  appropriation  of  each  party,  and 
in  due  course  of  time  to  obtain  a  decree  of  the  court  thereon. 

It  should  be  made  a  condition  precedent  to  the  acceptance  of  a  subscription  to  the 
capital  stock  of  the  proposed  association  heretofore  outlined,  that  the  subscriber  shall 
have  agreed  to  submit  these  questions  for  settlement  as  proposed,  or  that  the  extent 
and  time  of  his  appropriation  shall  have  been  determined  by  one  or  the  otiier  of 
these  proceedings.  After  the  determination  of  these  rights  the  owners  of  them  should 
be  classified,  each  by  the  year  of  his  appropriation. 

When  the  Government  is  ready  to  issue  rights  under  the  reservoir,  preference 
should  be  given  to  applicants  therefor  according  to  the  class  in  which  their  appropri- 
ations are  found,  preference  being  given  to  the  oldest,  and  thence  in  order  of  time  to 
the  newest. 
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Beasonable  limitations  of  time  should  be  fixed  witlmi  which  this  preference  msj- 
be  exercised,  imposing  apon  a  delinquent  the  penalty  of  postponement  to  await  hs 
turn  at  the  last. 

It  is  of  course  contemplated  that  after  the  plan  here  proposed  shall  be  in  operatioQ 
there  will  be  no  pecuniary  benefits  accruing  to  the  stockholders  by  way  of  profit  <if 
operation,  and  that  when  the  cost  of  maintenance  and  operation  has  been  provided 
for  there  can  and  will  be  no  further  charge  to  the  water  user. 

The  association  will  have  no  interest-bearing  debt  to  be  charged  up  against  the 
water  users.  The  cost  of  management  and  administration  can  be  reduced  to  tke 
lowest  possible  limit  by  concentration  and  systemization.  Taking  these  things  ibId 
consideration  it  is  conservative  to  say  that  the  cost  of  w^ater  to  the  user  ought  not  to 
exceed  75  cents  per  acre  per  year.  And  this  cost  can  be  still  further  reduced  from 
various  sources  of  income. 

The  water  impounded  in  the  reservoir  will  afford  power  at  a  cost  of  one-fourth  of 
that  now  paid  for  power  in  this  valley,  and  even  then  produce  a  handsome  income. 

The  cities  and  towns  in  the  valley  will  need  a  supply  from  which  an  important 
income  can  be  derived.  Power  could  be  transmitted  to  pump  water  for  the  Pima 
Indians  and  the  requirements  for  that  purpose  would  hardly  make  an  appreciable 
diminution  of  the  whole  amount  developed,  and  would  afford  them  a  greater,  more 
certain,  more  constant,  and  a  more  reliable  supply  of  water  than  they  ever  had.  The 
power  could  be  used  to  raise  the  water  now  stored  and  constantly  renewed  in  the 
gravelly  strata  underlying  the  surface  of  the  valley — an  amount  of  important 
magnitude. 

There  are  dangers,  too,  some  of  them  already  realized,  that  we  will  be  better  equipped 
to  confront.  For  more  than  fifteen  years  there  has  been  a  constant  diminution  of 
the  water  flowing  into  this  valley.  Aside  from  the  unusual  meterological  conditions 
that  have  been  prevalent  for  the  last  three  or  four  years,  this  has  been  due  to  the 
constantly  increasing  diversion  of  water  from  the  tributaries  to  our  supply.  And  it 
is  going  on  unchecked.  It  would  be  one  of  .the  most  important  functions  of  the  pro- 
posed association  to  check  this  encroachment  That  no  attempt  has  heretofore  been 
made  to  remedy  this  sufficiently  suggests  that  while  the  present  conditions  of  diversity 
and  antagonism  of  interests  continue  in  this  valley  it  need  not  be  expected.  With 
unity  of  interest  it  may  be  hoped  for.  We  can  not  console  ourselves  with  the  hope 
that  matters  with  us  can  not  grow  worse  than  they  now  are.  Simple  inactivity  will 
make  them  worse.  Whether  the  Government  builds  or  aids  in  building  the  Tonto 
reservoir  or  not,  to  stay  our  progress  to  a  disastrous  end  there  must  be  a  unification 
of  the  interests  of  the  water  users  of  this  valley. 

The  plans  and  suggestions  here  submitted  are  tentative.  The  attempt  has  not  been 
made  to  work  out  every  proposal  in  detail.  The  desired  result  has  been  anticipated 
in  each  instance,  the  general  means  to  the  end  has  been  suggested,  and  the  filling  in 
has  been  left  for  later  time  and  for  more  varied  and  thorough  deliberation. 

If  the  plans  and  suggestions  do  not,  or  some  of  them  do  and  others  do  not,  meet 
with  approval,  yet  if  they  have  the  effect  of  pointing  out  other  and  better  ones,  this 
paper  will  have  justified  itself. 

WORK  OF  THE  EXECUTIVE  COMMITTEE. 

An  executive  committee  of  eleven  having  been  appointed,  of  which 
B.  A.  Fowler,  chairman  of  the  Water  Storage  Conference  Committee, 
was  made  chaiiman,  a  general  plan  for  the  organization  of  the  land- 
owners and  irrigators  of  the  valley  into  a  cooperative  water  users' 
association  was  unanimously  agreed  upon  and  reported  to  a  mass  meet- 
ing held  October  4, 1902,  where  subscription  books  were  opened  for 
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what  was  to  be  known  as  a  "preliminary"  subscription  approval  of 
the  plan.  This  carried  with  it  no  financial  obligation  or  legal  responsi- 
bility whatever.  Its  purpose  was  solely  to  procure  from  landowners 
an  expression  of  willingness  to  "sign  up,"  and  by  so  doing  to  inaugu- 
rate a  campaign  of  education  which  should  reach  every  portion  of  the 
valley  and  thus  bring  about  a  better  understanding  of  the  whole  prop- 
osition by  the  masses  of  the  people. 

The  work  of  procuring  "preliminary"  subscriptions  was  pushed 
systematically  and  vigorouslj^  until  about  150,000  acres  had  been 
''signed  up."  Meanwhile  the  regular  meetings  of  the  executive 
committee  were  resumed,  and  Judge  Kibbey  was  employed  as  legal 
adviser  of  the  conunittee. 

To  Mr.  Maxwell  and  Judge  Eabbey  is  due  much  of  the  credit  for  the 
character  and  quality  of  the  work  finally  embodied  in  the  report  of  the 
executive  committee.  Each  supplemented  the  other,  and,  to  the  finish, 
they  worked  in  perfect  harmony,  safely  guided  by  their  sound  sense, 
legal  training,  and  wide  experience  in  irrigation  law. 

Frequent  meetings  of  the  executive  committee  were  held  during 
November  and  December,  1902,  and  January,  1903.     It  was  a  com- 
paratively simple  proposition  to  reach  a  general  outline  agreement  in 
October,  but  quite  another  to  blaze  a  new  trail — to  f ormuhite,  without 
precedent  or  guide,  articles  of  incorporation  which  should  be  broad  in 
scope,  clear  in  statement,  carefully  worded  and  legally  phrased,  just  to 
all  interests,  and  adapted  to  existing  conditions.     Of  course,  among 
eleven  men  of  strong  individual  characteristics  and  personalities  there 
were  radical  differences  of  opinion,  views  held  tenaciously,  much  dis- 
cussion (rather  heated  at  times),  and  great  deliberation.     But,  to  their 
everlasting  credit  be  it  said,  there  was  no  wrangling,  no  ill-tempered 
outbreaks,  no  attempt  at  sharp  practice.     The  minority  was  of  tough 
fiber,  active,  alert,  everlastingl}'^  persistent  and  aggressive,  but  in  the 
main  fair,  open  to  conviction,  and  amenable  to  just  rulings,  and  at  the 
last  meeting  of  the  committee  joined  in  giving  the  chairman  a  unani- 
mous vote  of  thanks  for  his  fairness  and  unvarying  courtesy,  at  times 
under  very  trying  circumstances.     The  entire  committee  realized  thiat 
only  by  "infinite  patience  and  justice  to  all,"  as  Mr.  Maxwell  put  it 
at  the  first  meeting,  could  success  ever  be  attained  and  antagonistic 
interests  be  harmonized  and  unified — an  achievement  declared  by  many 
in  the  earlier  days  of  the  movement  to  be  utterly  impossible. 

The  opposition  of  the  minority  was  due,  first,  to  a  reluctance  to  aban- 
don old  and  adopt  new  methods;  second,  to  an  unwillingness  to  accept 
the  principle,  laid  down  in  the  national  irrigation  act  itself,  that  water 
should  be  appurtenant  to  the  land;  third,  to  a  fear  of  jeopardizing  cap- 
ital invested  in  so-called  "floating  water  rights,"  which,  it  was  feared, 
would  become  valueless  if  water  was  attached  to  the  land;  fourth,  to 
unwillingness  on  the  part  of  owners  of  large  holdings  to  subdivide,  as 
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required  by  said  act,  who  yet  wanted  to  become  beneficiaries  under 
it;  fifth,  to  fear  of  a  merger  of  the  canal  systems  into  one  associatiaa, 
and  consequent  loss  of  local  control;  sixth,  to  ignorance  of  the  frfan 
proposed  and  the  benefits  expected;  seventh,  to  pure  selfishness  and 
personal  interests.  One  large  landowner  contended  pei"sistently  for 
what  he  called  a  "  regulation  right"  (for  which  he  was  willing  to  pay 
in  the  same  proportion  as  other  landowners),  claiming  that  if  the 
flood  waters  which  belonged  to  him  could  be  held  back  in  the  Govern- 
ment reservoir  and  the  flow  "  regulated,"  he  would  have  all  the  water 
needed  for  his  7,000  acres.  To  have  conceded  this  point  would  have 
been  equivalent  to  a  complete  evasion  of  the  provisions  of  the  reclama- 
tion act,  limiting  the  acreage  on  which  a  water  right  could  be  issued 
to  160  acres. 

Naturally  there  was  much  discussion  over  the  objects  of  the  associa- 
tion; the  power  to  be  given  to  a  centralized  administration;  the  size  of 
the  reservoir  district;  the  amount  of  capital  stock,  by  whom  it  should 
be  owned,  how  acquired,  how  canceled,  and  the  rights  incident  thereto: 
the  appurtenancy  of  water  to  land;  the  form  of  organization;  the  reve- 
nues, how  raised;  the  expenditures,  how  safeguarded,  etc. 

The  articles  of  incorporation,  completed  early  in  February,  19i»3, 
having  been  approved  and  adopted  by  the  majority  of  the  memhei-s  of 
the  executive  committee,  were  submitted  to  the  water-storage  confer- 
ence committee  and  by  them  approved  and  adopted,  each  one  sepa- 
rately and  then  as  a  whole. 

At  once  the  articles  were  tiled  in  the  county  recorder's  office  and 
with  the  secretar}'^  of  the  Territory  of  Arizona,  and  duly  published  as 
required  by  law,  and  then  the  Salt  River  Valley  Water  Users'  Asso- 
ciation became  a  legal  entity. 

The  next  step  was  to  provide  for  the  creation  of  a  lien  on  the  land, 
so  that  the  Government  might  be  assured  of  ample  security  for  the 
cost  of  the  construction  of  the  reservoir,  as  required  under  the  law. 
Without  delay  the  articles  were  reprinted  in  contract  form  for  signa- 
ture by  those  who  thereby  became  members  of  the  association,  and  the 
work  of  procuring  subscriptions  to  these  formal  contracts  of  member- 
ship was  begun  under  the  direction  of  a  subscription  committee,  who 
divided  the  valley  into  districts  and  appointed  in  each  district  the  be^st 
men  to  be  had  as  solicitors,  with  instructions  to  see  every  landowTier 
and  urge  early  action  in  "signing  up."  These  contracts  called  for  the 
signature  of  the  landowner,  and  wife  if  married,  and  a  legal  acknowl- 
edgment by  each  signer  before  a  notary  public. 

The  shares,  when  so  subscribed  for,  became  appurtenant  to  the  land« 
one  share,  and  no  more,  being  allotted  to  each  acre  of  land,  under  the 
articles  of  association,  which  also  limited  the  voting  right  of  any  one 
landowner  to  160  shares. 
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From  time  to  time,  in  order  to  hold  up  and  stimulate  the  general 
interest,  public  meetings  were  held  in  various  sections  of  the  valley. 

Throughout  the  entire  campaign  the  local  press  without  exception 
did  valiant  work,  not  only  in  disseminating  news  of  the  progress  made 
from  day  to  day,  but  also  by  pointed  and  vigorous  editorials  clearly 
setting  forth  the  situation,  unqualifiedly  indorsing  the  movement,  and 
urging  all  landowners  to  ''sign  up"  and  become  members  of  the  asso- 
ciation without  unnecessary  delay. 

This  work  was  continued  with  varying  success,  but  persistently, 
hopefully,  and  without  cessation  from  early  in  February  to  July  17, 
11>03,  when  the  books  were  closed  with  a  total  of  about  200,000  acres 
subscribed. 

A  report  was  then  made  to  the  Government,  embodying  a  brief;  a 
complete  list  of  subscribers,  giving  date  of  subscription,  names,  and 
acreage;  a  map  in  colors,  showing  at  a  glance  what  lands  and  how 
much  each  subscriber  has  signed  up,  and  the  grand  total;  a  copy  of 
the  articles  of  association;  and  also  a  copy  of  the  by-laws,  so  far  as 
drawn  (it  being  the  policy  of  the  association  to  draft  only  such  by-laws 
as  experience  from  time  to  time  showed  to  be  wise  and  needed). 
These  having  met  with  the  general  approval  of  the  Secretary  of  the 
Interior,  the  preliminarj^  work  of  construction  was  begun  by  the 
reclamation  service  in  the  fall  of  1903,  and  the  firnt  large  contract,  for 
the  construction  of  the  power  canal,  was  signed  by  the  Secretary  of 
the  Interior  in  March,  1904,  and  thereafter  the  work  was  pushed  ener- 
getically toward  completion. 

REPORT  OF  THE   EXECUTIVE  COMMITTEE  OF  THE  WATER-STORAGE  CON- 
FERENCE  COMMITTEE   OF  THE   SALT  RIVER  VALLEY. 

Phoenix,  Ariz.,  October  ^^  1902. 

The  executive  committee  of  the  weter-storage  conference  committee  of  the  Salt 
River  Valley  respectfully  submits  to  the  general  committee  the  following  report: 

We  have  given  the  most  careful,  exhaustive,  deliberate,  and  impartial  considera- 
tion to  the  problem  of  the  formulation  of  a  comprehensive  general  plan  which  would 
remove  the  obstacles  to  be  overcome,  and  enable  the  landowners  and  water  users  of 
the  Salt  River  Valley  to  unite  their  interests  and  influence  in  a  combined  and  deter- 
mined effort  to  secure  the  construction  of  the  Salt  River  reservoir  by  the  National 
Government. 

We  have  unanimously  agreed  upon  the  ^neral  plan  hereinafter  set  forth  as  one 
which  will,  in  our  judgment,  if  it  is  adopted  and  carried  into  effect  by  the  people  of 
the  Salt  River  Valley,  enable  them  to  obtain  for  themselves  the  great  benefits  which 
water  storage  would  bring  to  this  community  and  to  every  member  of  it. 

We  believe  succ^ess  in  this  movement  depends  wholly  upon  the  i)eople  themselves. 
With  a  united  community  there  is  every  assurance  of  success,  and  we  urge  upon 
every  citizen  of  the  Salt  River  Valley  the  imperative  and  urgent  importance  in  this 
critical  period  in  the  history  of  our  development  of  working  shoulder' to  shoulder  to 
carry  out  the  plan  suggested  by  this  committee  and  set  forth  in  this  report. 
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The  national  irrif^ation  act  does  not  contemplate  or  authorize  the  construcUon  of 
a  reservoir  by  the  National  Government  for  the  storage  of  water  to  be  delivered  to  a 
canal  company,  and  by  that  canal  company  carried  and  delivered  to  the  water  nsexs, 
where  the  canal  system  is  operated  and  controlled  by  neither  the  Government  nor 
the  water  users.  The  water  must  be  delivered  and  distributed  to  the  land  to  which 
the  right  to  its  use  has  by  the  Government  been  made  perpetually  appartenant, 
either  through  a  Government  canal  or  through  a  canal  owned,  operated,  and  con- 
trolled by  the  owners  of  the  lands  entitled  to  the  water. 

It  ^s  for  this  reason  necessary  that  such  of  the  canal  companies  or  systems  in  the 
Salt  River  Valley  as  will  carry  water  from  the  reservoir  to  the  lands  on  which  the 
Government  will  locate  reservoir  rights  shall  be  transformed  into  cooperative  land- 
owners' companies  or  merged  into  one  such  company,  which  shall  undertake  the 
duty  of  distributing  the  water  from  the  reservoir  so  that  every  landowner  holding  a 
Government  reservoir  right  shall  be  assured  of  a  corresponding  right  to  have  his 
water  carried  to  him  from  the  reservoir  to  the  land  on  which  he  may  be  entitled  to 
use  the  water  for  irrigation.  The  storage  of  the  water  is  not  the  only  thing  to  be 
considered.  Its  distribution  under  a  plan  which  will  conform  to  the  requirements 
and  provisions  of  the  national  irrigation  act  is  equally  necessary  and  important,  and 
must  be  arranged  and  provided  for  before  we  can  secure  the  construction  of  the 
reservoir  by  the  Government. 

It  is  likewise  necessary,  in  view  of  the  existing  local  conditions  in  the  Salt  River 
Valley,  that  some  plan  should  be  adopted  whereby  the  Government  can  deal  with 
all  the  owners  of  lands  to  which  reservoir  rights  are  to  be  issued  as  a  unit. 

The  Government  would  not  and  could  not  undertake  to  collect  water  rates  from  a 
large  number  of  landowners  for  water  delivered  to  them  from  the  reservoir  through 
canal  systems  over  which  the  Government  had  no  control,  and  we  believe  that  no 
plan  could  now  be  devised  or  carried  into  effect  under  which  the  Government  would 
ajjsume  control  or  acquire  the  ownership  of  the  distributing  systems  in  the  Salt 
River  Valley.     It  must  be  recognized  that  this  is  impossible. 

A  plan  must  be  adopted  which  will  guarantee  and  insure  to  the  Government  the 
prompt  payment  in  full  when  due  of  each  and  every  annual  installment  of  the  total 
cost  of  the  reservoir  in  each  of  the  years  during  which  these  installments  will  be 
due  and  payable  to  the  Government.  The  Government  must  be  assured  that 
these  payments  will  be  made  beyond  any  question,  and  that  the  Government  will 
never  be  involved  in  any  complications  or  entanglements.  As  to  these  matters,  the 
position  of  the  Government  must  be  made  absolutely  safe  and  certain,  and  we  can  not 
expect  it  to  act  until  that  has  been  done. 

We  therefore  recommend,  as  suggested  in  the  plan  proposed  to  the  committee  by 
Judge  Joseph  H.  Kibbey,  that  we  should  first  organize  the  association  of  water  users 
contemplated  by  the  national  irrigation  act  itself.  The  shares  in  this  association 
should  \je  perpetually  and  inseparably  appurtenant  to  the  land  on  which  they  are 
originally  issued. 

This  association,  when  formed,  should  embrace  all  landowners  desiring  to  acquire 
rights  to  water  from  the  reservoir,  and  should  be  the  agency  to  receive  the  water 
from  the  Government  and  distribute  it  to  the  landowners  entitled  to  its  use,  or  to  the 
respective  canals  controlled  and  operated  by  such  landowners,  to  be  by  such  canals 
carried  to  the  lands  to  be  irrigated,  under  such  rules  and  regulations  as  may  be 
established  by  the  association  of  water  users  and  the  respective  canal  systems,  and 
approved  by  the  Secretary  of  the  Interior. 

This  association  of  water  users  should  also  be  the  agency  through  which  all  collec- 
tions from  landowners  of  moneys  due  the  Government  should  be  made  and  through 
which  the  full  amount  of  each  annual  installment  due  the  Government  each  year 
should  be  paid  all  at  one  time  in  a  single  lump  sum  each  and  every  year  when  the 
same  is  due. 
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It  should  be  borne  in  mind  that  the  national  irrigation  act  contains  the  following 
clAuse: 

**  That  nothing  in  this  act  shall  be  construed  as  affecting  or  intended  to  affect  or  to 
in  any  way  interfere  with  the  laws  of  any  State  or  Territory  relating  to  the  control, 
appropriation,  use,  or  distribution  of  water  used  in  irrigation,  or  any  vented  right 
acquired  thereunder,  ami  the  Secretary  of  the  Interior,  in  carrying  out  the  i>ro visions 
of  this  act,  shall  pnx^ed  in  conformity  with  such  laws." 

The  foundation  of  the  whole  structure  upon  which  the  national  reservoir  and  all 
rights  to  water  from  it  and  every  detail  of  the  plan  of  distribution  of  that  water  is 
that  under  no  circumstances  that  can  arise  shall  there  ever  be  any  interference  in 
any  way  vnth  any  vested  right  to  water  from  the  Salt  or  Verde  rivers.  All  such 
rights  will  be  protected  by  the  laws  of  the  Territory  and  of  the  National  Govern- 
ment, and  the  plan  we  propose  does  not  contemplate  any  surrender  or  modification 
of  any  of  those  rights.  They  will  continue  to  exist  just  as  though  no  reservoir  was 
contemplated  or  built.  We  think,  however,  that  it  would  be  desirable  that  all  such 
rights  should  be  adjudicated  at  as  early  a  date  as  may  l)e  feasible  or  practicable.  It 
is  not  necessary,  however,  in  our  judgment,  that  this  should  be  done  as  a  condition 
precedent  to  the  construction  of  the  reservoir  or  before  its  construction  should  be 
authorized  and  begun  by  the  Government. 

It  must  be  further  borne  in  mind,  and  the  fact  should  never  be  lost  sight  of, 
that  the  national  irrigation  act  further  provides  that — 

**  No  right  to  the  use  of  water  for  land  in  private  ownership  shall  be  sold  for  a  tract 
exceeding  160  acres  to  any  one  landowner,  and  no  such  sale  shall  be  made  to  any 
landowner  unless  he  be  an  actual  bona  fide  resident  on  such  land  or  occupant 
thereof  residing  in  the  neighborhood  of  such  land,  and  no  such  right  shall  perma- 
nently  attach  until  all  payments  therefor  are  made." 

No  landowner  will  be  able  to  acquire  a  grant  of  a  reservoir  right  from  the  Govern- 
ment unless  he  shall,  before  the  completion  of  the  reserv^oir,  have  brought  himself 
clearly  within  the  letter  and  spirit  of  the  act  in  these  particulars,  and  this  will  neces- 
sitate th^  subdivision,  before  the  completion  of  the  reservoir,  of  much  of  the  land  in 
the  valley  into  160-acre  tracts  where  now  held  in  larger  tracts. 

After  a  full  consideration  of  the  matter  we  have  decided  that  it  will  be  for  the  best 
interests  of  the  people  of  the  Salt  River  Valley  to  recommend  the  construction  of  the 
reservoir  with  a  capacity  of  1,478,750  acre-feet,  the  approximate  estimate  of  the  cost 
of  the  same  being  $2,549,231. 

With  a  view  of  carrying  into  effect  the  foregoing  general  plan  the  following  reso- 
lutions were  adopted  by  your  committee: 

Resolved,  That  it  is  the  sense  of  this  executive  committee  that  a  district  should  Ije 
created  within  Maricopa  County,  Ariz.,  composed  of  land  under  the  present  canals 
now  distributing  water  within  the  following-described  boundaries: 

Commencing  at  a  point  on  the  right  bank  of  Salt  River  at  the  mouth  of  the  Verde 
River;  thence  in  a  southerly  direction  to  the  headgates  of  the  Arizona  canal;  thence 
in  a  general  M'esterly  direction  along  the  north  line  of  the  right  of  way  of  the  Arizona 
canal  to  the  end  thereof,  at  or  near  the  quarter  corner  between  sections  5  and  6, 
township  3  north,  range  1  east;  thence  west  to  the  left  bank  of  the  Agna  Fria 
River;  thence  in  a  southerly  direction  along  the  left  bank  of  the  Agna  Fria  River 
to  a  point  in  section  14,  township  1  north,  range  1  west,  where  the  line  of  the  St. 
Johns  canal  intersects  the  Agua  Fria  River;  thence  in  a  southeasterly  direction 
along  the  north  line  of  the  right  of  way  of  the  St.  Johns  canal  to  the  north 
bank  of  the  Salt  River;  thence  across  the  Salt  River  to  a  point  in  section  35, 
township  1  north,  range  1  east,  where  the  east  line  of  the  Gila  River  Indian  Reser- 
vation intersects  the  south  bank  of  the  Salt  River;  thence  in  a  southerlv  direc- 
tion  along  the  east  hue  of  the  said  Gila  River  Indian  Reservation  to  the  township 
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line  between  townships  1  and  2  south;  thence  following  the  boundary  of  the 
Gila  River  Indian  Reservation  east  along  the  said  township  line  to  the  niDge  line 
between  ranges  4  and  5  east;  thence  south  between  ranges  4  and  5  east;  thenoe 
between  townships  2  and  3  south,  to  the  east  line  of  the  right  of  way  of  the 
branch  of  the  Consolidated  canal;  thence  north,  following  the  east  line  of  the  right 
of  way  of  the  east  branch  of  the  Consolidated  canal  to  the  south  line  of  section  2, 
township  2  south,  range  5  east;  thence  east  to  the  section  comer  common  to  sectione 
5,  6,  7,  and  8,  township  2  south,  range  6  east;  thence  north  between  sections  5  and  6 
east,  township  2  south,  range  6  east,  to  the  east  bank  of  the  Highland  canal;  thence 
in  a  generally  northern  direction  along  the  east  bank  of  said  Highland  canal  to  the 
left  bank  of  the  Salt  River;  thence  in  a  generally  northerly  direction  along  the  left 
bank  of  Salt  River  to  a  point  opposite  the  mouth  of  the  Verde  River,  and  thenoe 
across  Salt  River  to  the  place  of  beginning. 

It  is  further 

Resolved,  That  a  water-users'  association  should  now  be  organized,  and  that  subecrip- 
tions  should  be  opened  for  shares  of  stock  therein,  each  landowner  within  the  above 
district  to  be  entitled  to  subscribe  for  one  share  of  stock  for  each  acre  of  his  land, 
each  subscription  for  such  share  of  stock  to  embody  an  application  for  and  an  agree- 
ment to  take  a  reservoir  right  for  the  same  acreage,  or  such  portion  thereof,  as  may  be 
authorized  by  the  Secretary  of  the  Interior. 

It  is  further 

Resolved,  That  it  is  the  sense  of  this  committee  that  the  lands  now  under  cultiva- 
tion  should  be  given  the  first  opportunity  to  secure  reservoir  rights,  and  that  reservoir 
rights  should  be  allotted  only  to  holders  of  shares  in  the  said  water-users'  association, 
and  this  committee  believes  that  under  a  system  of  water  storage,  in  view  of  the 
water-supply  records  of  the  Verde  and  Salt  rivers  as  prepared  by  the  United  States 
Geological  Survey,  and  the  court  water  commissioner  of  Maricopa  County,  that  it 
would  be  unwise  to  attempt  to  cultivate  more  than  200,000  acres  with  the  entire 
known  available  water  supply — this  supply  including  the  natural  appropriated  flow 
of  the  Salt  and  Verde  rivers,  the  flood  waters  to  be  stored,  and  the  water  to  be 
pumped  by  the  power  developed  at  the  Salt  River  reservoir,  it  being  estimated  that 
the  amount  so  pumped  will  approximate  a  supply  of  not  less  than  sufficient  to  irri- 
gate 20,000  acres. 

It  is  further 

Resolved,  That  the  foregoing  resolutions  be  presented  to  the  Secretary  of  the  Interior 
as  the  earnest  recommendation  of  this  committee. 

It  must  be  understood  that  all  the  recommendations  contained  in  this  report  and 
embodied  in  the  plan  proposed  are  subject  to  any  modification  which  shoald  be 
advised  by  the  Secretary  of  the  Interior  under  the  authority  given  him  by  the  national 
irrigation  act,  and  that  we  «an  do  no  more  than  recommend  to  him  w^hat  in  oar 
judgment  is  the  best  plan  to  be  adopted. 

It  was  further 

Resolved,  That  the  number  of  shares  of  the  capital  stock  of  the  water-users'  associa- 
tion should  be  limited  to  250,000  shares,  and  that  the  flat  price  per  acre,  which  would 
be  the  par  value  of  said  shares,  be  flxed  at  $12.50  per  acre.,  payable  in  ten  equal  annual 
installments  of  $1.25  per  acre  per  year  each,  commencing  at  whatever  time  shall  t»e 
fixed  by  the  Secretary  of  the  Interior  as  the  time  when  the  first  installment  is  due 
the  Government  upon  the  reservoir  rights  to  be  issued  by  it. 

It  was  further 

Resolved,  That  a  subscription  book  be  prepared  containing  the  report  of  this  execa- 
tive  committee,  followed  by  a  statement  that  the  undersigned  approve  the  foregoing 
plan,  and  will  subscribe  for  the  number  of  shares  and  acreage  set  opposite  their 
respective  names,  subject  to  their  approval  of  the  articles  of  incorporation  and  by-laws 
of  the  mexger  aasociation  to  be  hereafter  prepared,  and  that  the  said  book  be  pre- 
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sented  to  the  general  committee  at  its  meeting  on  Thursday,  October  2, 1902,  and  that 
if  the  said  report  of  this  committee  be  adopted  by  the  general  committee  the  sub- 
scription list  should  be  immediately  opened,  and  that  the  members  of  the  executive 
committee  and  general  committee,  and  any  other  persons  desiring  to  do  so  should 
have  the  privilege  of  signing  the  same. 

ARTICLES  OF  INCORPORATION. 

Know  all  men  by  these  articles  of  incorporation  that  we,  the  undersigned,  have 
asBOciated  ourselves  together  under  the  laws  of  the  Territory  of  Arizona  as  a  body 
corporate. 

Ahticlb  I. 

The  name  of  the  corporation  shall  be  and  is  Salt  River  Valley  Water  Users' 
Asaociation. 

Ahticle  II. 

The  names  of  the  incorporators  are:  Frank- T.  Alkire,  E.  J.  Bennitt,  J.  Wilfred 
BrooDQell,  A.  J.  Chandler,  Vernon  L.  Clark,  O.  H.  Christy,  William  Christy,  W.  W. 
Dobson,  W.  S.  Dorman,  B.  A.  Fickas,  B.  A.  Fowler,  S.  S.  Green,  C.  R.  Hakes,  James 
G.  Hammels,  C.  T.  Hirst,  H.  A.  Hughes,  C.  C.  Hurley,  P.  T.  Hurley,  James  John- 
son, Emery  Kays,  W.  J.  Kingsbury,  Wallace  A.  MacDonald,  H.  C.  Mann,  M.  W. 
Messinger,  Lin  B.  Orme,  F.  H.  Parker,  Thomas  W.  Pemberton,  Alfred  J.  Peters, 
J.  E.  Price,  L.  J.  Rice,  L.  D.  Rousseau,  H.  Simkins,  M.  A.  Stanford,  C.  S.  Steward, 
J.  A.  Stewart,  S.  8.  Stout,  J.  E.  Sturgeon,  Fred  Tait,  Walter  Talbot,  G.  E.  Tomp- 
kins, Howard  L.  Underbill,  H.  G.  Van  Fossen,  A.  P.  Walbridge,  W.  H.  Wallace, 
Henry  E.  Ware,  J.  C.  Wasson,  Sam  F.  Webb,  E.  W.  Wilbur,  W.  A.  Wilson,  but 
others  may  become  members  of  said  association  by  subscribing  to  these  articles  of 
incorporation,  or  a  copy  thereof,  or  by  the  transfer  of  stock  to  them  in  the  regular 
course  of  the  administration  of  the  affairs  of  the  association. 

Article  III. 

The  principal  place  of  transacting  the  business  of  the  association  shall  be  at  the 
city  of  Phoenix^  in  the  county  of  Maricopa,  in  the  Territory  of  Arizona. 

Article  IV. 

Section  1.  The  objects  for  which  the  association  is  organized  and  the  general 
nature  of  the  business  to  be  transacted  by  it  shall  be  and  are: 

To  provide  for  and  distribute  and  furnish  to  the  lands  of  the  holders  of  shares  of 
said  association  to  which  said  shares  and  the  rights  and  interests  represented  thereby 
are  appurtenant  an  adequate  supply  of  water  for  the  irrigation  of  said  lands. 

To  divert  water  within  the  Territory  of  Arizona  from  the  public  sources  of  water 
supply,  to  impound  water  and  develop  sources  of  water,  to  pump  water  from  imder- 
ground  sources,  to  carry  and  distribute  water  for  the  irrigation  of  the  lands  aforesaid, 
and  to  construct,  purchase,  lease,  condemn,  or  otherwise  in  any  way  whatsoever 
acquire  and  own,  hold,  have,  use,  control,  maintain,  preserve,  manage,  operate, 
and  conduct  the  means  therefor  and  any  and  all  rights,  reservoirs,  dams,  canals, 
ditches,  flumes,  head  gates,  pipes,  machinery,  wells,  pumps,  pumping  plants,  power 
houses,  transmission  lines,  and  property,  both  real  and  personal,  of  every  nature 
and  kind  whatsoever  necessary  or  appropriate  for  the  accomplishment  of  any  of 
the  objects  or  purposes  aforesaid. 

To  divert,  impound,  develop,  pump,  distribute,  deliver,  and  use  water  for  all  bene- 
ficial uses  and  purposes  from  surface  and  subterranean  sources  by  any  means  adapted 
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to  any  of  the  purposes  aforesaid,  and  create,  transmit,  and  use  power  for  the  accom- 
plishment of  any  of  the  purposes  or  objects  of  the  association  as  hereinbefore  set  forth. 

To  have  and  exercise  all  the  powers,  and  do  all  and  everything  necessary,  suitable, 
convenient,  or  proper  for  the  accomplishment  of  any  of  the  purposes  or  the  attain- 
ment of  any  one  or  more  of  the  objects  herein  enumerated  or  incidental  to  the  power? 
herein  named  or  which  shall  at  any  time  appear  conducive  or  expedient  for  the  pro- 
tection or  benefit  of  the  association  or  its  members  as  shareholders  therein. 

Sec.  2.  For  the  accomplishment  or  to  aid  in  and  promote  the  accomplishment  of 
the  aforesaid  purposes  or  objects,  or  any  of  them,  this  association  shall  have  power 
to  enter  into  any  contract  or  other  arrangement  or  undertake  in  whatsoever  manner 
and  by  whatsoever  means  may  be  deemed  proper  or  convenient  therefor,  to  secure 
action  by  or  the  aid  of  the  United  States  Government  in  the  construction,  erection, 
or  acquisition  of  any  dams,  reservoirs,  canals,  wells,  or  other  works  or  property  or 
appurtenances  necessary  thereunto  for  the  storage,  development,  diversion,  distribu- 
tion, or  delivery  of  water  to  the  lands  of  the  shareholders  of  this  association,  or  to  aid 
therein,  and  to  enter  into  any  agreement  wdth  said  Government  which  may  l>e 
approved  by  the  Secretary  of  the  Interior  or  any  duly  authorized  official  or  repre^ 
sentative  of  the  Interior  Department  with  reference  to  the  collection  and  payment  to 
the  Government  of  any  and  all  moneys  which  may  be  due  the  Government  under 
or  by  reason  of  rights  issued  by  the  Government  to  members  of  this  association  for 
the  use  of  water  from  any  reservoir  or  irrigation  works  acquired  or  constmcted  by 
said  Government,  or  in  the  acquisition  or  construction  of  which  it  may  have  aided, 
and  to  comply  with  any  conditions,  rules,  or  regulations  prescribed  by  Congress  t>r 
by  any  Executive  Department  or  official  of  said  Government  lawfully  authori»:^ 
thereunto,  concerning  the  storage,  diversion,  delivery,  application,  or  use  of  any  water 
so  stored,  developed,  or  delivered  to  the  shareholders  of  this  association  from  or  by 
means  of  any  works  constructed  or  acquired  by  the  Government  or  in  the  constnic- 
tion  or  acquisition  of  which  the  Government  may  have  aided,  or  which  it  may  hen»- 
after  construct  or  acquire,  or  in  the  construction  or  acquisition  of  which  it  may 
hereafter  aid. 

Sec.  3.  The  territory  within  which  are  the  lands  to  be  irrigated  as  aforesaid  shall  be 
known  as  the  Salt  River  Reservoir  District,  and  shall  include  lands  within  the  bound- 
aries described  as  follows,  that  is  to  say:.  Commencing  at  a  point  on  the  right  hank 
of  Salt  River  at  the  mouth  of  the  Verde  River;  thence  in  a  southerly  direction  to  the 
head  gates  of  the  Arizona  Canal;  thence  in  a  general  westerly  direction  along  the  north 
line  of  the  right  of  way  of  the  Arizona  Canal  to  the  end  thereof,  at  or  near  the  quarter 
comer  between  sections  5  and  6,  township  3  north,  range  1  east;  thence  west  to  the 
left  bank  of  the  Agua  Fria  River;  thence  in  a  southerly  direction  along  the  left  bank 
of  the  Agua  Fria  River  to  a  point  in  section  14,  township  1  north,  range  1  west, 
where  the  line  of  the  St.  Johns  Canal  intersects  the  Agua  Fria  River;  thence  in  a 
southeasterly  direction  along  the  north  line  of  the  right  of  way  of  the  St.  Johns 
Canal  to  the  north  bank  of  the  Salt  River;  thence  across  the  Salt  River  to  a  point  in 
section  35,  township  1  north,  range  1  east,  where  the  east  line  of  the  Gila  River 
Indian  Reservation  intersects  the  south  bank  of  the  Salt  River;  thence  in  a  southerly 
direction  along  the  east  line  of  the  said  Gila  River  Indian  Reservation  to  the  tow^n- 
ship  line  between  townships  1  and  2  south;  thence  following  the  boundary  of  the 
said  Gila  River  Indian  Reservation,  east  along  the  said  township  line  to  the  range 
line  between  ranges  4  and  5  east;  thence  south  between  ranges  4  and  5  east;  thence 
east,  between  townships  2  and  3  south,  to  the  east  line  of  the  right  of  way  of  the  east 
branch  of  the  Consolidated  Canal;  thence  north,  following  the  east  line  of  the  right 
of  way  of  the  east  branch  of  the  Consolidated  Canal  to  the  south  line  of  section  2, 
township  2  south,  range  5  east;  thence  east  to  the  section  comer  common  to  sections 
6,  6,  7,  and  8,  township  2  south,  range  6  east;  thence  north  between  sections  5  and  6 
east,  township  2  south,  range  6  east,  to  the  east  bank  of  the  Highland  Canal;  thence 
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in  a  general  northerly  direction  along  the  eaflt  bank  of  said  Highland  Canal  to  the 
left  bank  of  Salt  River;  thence  in  a  general  northerly  direction  along  the  left  bank 
of  Salt  River  to  a  point  opposite  the  mouth  of  the  Verde  River  to  the  place  of  begin- 
ning; together  with  any  public  or  other  lands  on  which  rights  to  the  use  of  water 
from  reservoir  or  irrigation  works  referred  to  in  section  2  of  this  article  shall  be 
issued  by  the  Secretary  of  the  Interior. 

Abticlb  V. 

Sbction  1.  The  capital  stock  of  the  association  shall  be  $3,750,000,  and  be  divided 
into  250,000  shares  of  the  par  value  of  $15  per  share. 

Sbc.  2.  Those  and  those  only  who  are  owners  of  lands,  or  occupants  of  public  lands 
having  initiated  a  right  to  acquire  the  same,  within  the  territory  described  in  Article 
IV  of  these  articles  of  incorporation,  or  within  such  extensions  thereof  as  may  be 
bereafter  made  from  time  to  time  under  the  powers  herein  conferred  for  that  pur- 
pose, shall  be  the  holders  or  owners  of  shares  of  the  capital  stock  of  this  association. 
For  each  acre  of  such  lands  shareholders  may  become  the  owner  of  one  share  of  stock 
of  thifi  association  and  no  more. 

Sbc.  3.  As  a  condition  of  continued  ownership  of  said  shares  of  stock,  and  partici- 
pation in  any  of  the  benefits  thereof,  each  subscriber  therefor,  or  transferee  thereof 
in  case  of  transfer,  shall,  as  soon  as  the  right  or  rights  hereinafter  referred  to  become 
8ubje<"t  to  application  and  acquisition  under  the  rules  and  regulations  prescribed  or 
to  be  prescribed  for  the  purpose  by  Congress  or  any  Executive  Department  of  the 
Government,  apply  for,  and  in  good  faith  comply  promptly  with  all  such  rules  and 
regulations  for  the  acquisition  of,  a  right  to  the  use  of  water  from  any  source  of  sup- 
ply provided  by  the  Government,  or  in  the  provision  of  which  the  Government  has 
ai<led,  for  the  irrigation  of  the  lands  to  which  said  shares  and  rights  represented 
thereby  are  appurtenant.  Upon  the  failure  of  the  subscriber,  or  holder  otherwise, 
of  any  of  the  shares  of  the  capital  stock  of  this  association  to  apply  for  such  rights,  or, 
having  applied  therefor,  upon  failure  to  promptly  and  in  good  faith  comply  with  all 
rules  and  regulations  prescribed  or  that  may  be  prescribed  by  Congress  or  by  any 
Executive  Department  of  the  Government  relative  thereto,  then  he  shall  forfeit  to  the 
association  such  shares  of  stock  and  all  and  every  right  in  anywise  theretofore  or  then 
incident  thereto,  or  that  might  in  anywise  arise  or  accrue  from  or  exist  by  virtue  of 
such  subscription  or  ownerahip,  or  that  could  by  any  means  arise  or  be  claimed  there- 
from, and  such  person,  his  heirs  and  assigns,  shall  thereafter  have  no  right  whatso- 
ever as  a  member  of  this  association  bv  virtue  thereof. 

Sec.  4.  Any  shares  of  stock  so  forfeited  shall  at  once  be  canceled  and  shall  not 
again,  under  any  circumstances,  be  renewed,  revived,  or  reissued.  Other  stock  in 
lieu  thereof  up  to  the  limit  of  the  total  number  of  shares  authorized  by  these  articles 
may  be  subscribed  for  and  issued,  subject  to  all  the  conditions  of  these  articles  and 
to  the  approval  of  the  Secretary  of  the  Interior. 

Sbc.  5.  The  ownership  of  each  share  of  stock  of  this  association  shall  carry,  as 
incident  thereto,  a  right  to  have  delivered  to  the  owner  thereof  water,  by  the  asso- 
ciation, for  the  irrigation  of  the  lands  to  which  such  share  is  appurtenant. 

Sbc.  6.  The  amount  of  water  so  to  be  delivered  to  such  owner  shall  be  that  pro- 
portionate part  of  all  stored  and  developed  water,  the  storage  or  development  of 
which  is  or  may  be  effected  by  this  association,  or  by  means  of  works  under  its  con- 
trol, management,  or  direction,  or  which  may  become  available  for  distribution  by 
this  association  from  irrigation  works  built  by  the  National  Government,  during  any 
irrigating  season,  as  the  number  of  shares  owned  by  him  shall  bear  to  the  whole 
number  of  valid  and  subsisting  shares  of  the  association  issued  and  then  outstanding, 
to  be  delivered  to  and  upon  said  lands  at  such  times  during  such  season  as  he  may 
direct. 
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Sec.  7.  And  there  shall  also  be  incident  to  such  ownershi|)  of  such  shares  the  right 
to  have  delivered  to  the  owner  thereof,  for  the  irrigation  of  said  lands,  as  the  a»o- 
ciation  shall  from  time  to  time  acquire  means  for  that  purpose,  the  water  heretofore, 
and  before  the  shareholder  or  his  transferee  became  a  member  of  this  association, 
appropriated  by  him  or  by  his  predecessors  in  interest,  for  the  irrigation  of  said 
lands:  Provided,  however,  that  the  whole  amount  of  water  actually  delivered  from 
all  sources  shall  not  exceed  the  amount  necessary  for  the  proper  cultivation  of  said 
lands. 

Sec.  8.  The  records  of  the  association  and  each  and  every  certificate  or  other  evi- 
dence of  ownership  of  shares  of  stock  in  the  association,  when  issued,  shall  contain  a 
description  of  the  lands  to  be  irrigated,  and  to  which  the  aforesaid  rights  and  shares 
shall  be  perpetually  appurtenant,  and  thereafter  all  rights,  whatever  their  source  or 
whatever  their  manner  of  acquisition,  to  the  use  of  water  for  the  irrigation  of  said  lands, 
shall  forever  be  inseparably  appurtenant  to  said  lands,  together  w^ith  the  said  shares 
of  stock,  and  all  rights  and  interests  represented  thereby  or  existing  or  accruing 
by  reason  thereof,  unless  such  rights  shall  become  forfeited  under  the  provisions  of 
these  articles  of  incorporation,  or  of  by-laws  adopted  in  pursuance  thereof,  or  by 
operation  of  law,  or  by  the  voluntary  abandonment  thereof  by  deed,  grant,  or  other 
instrument,  or  by  nonuser  for  the  term  prescribed  by  law;  but  no  such  abandon- 
ment shall  be  for  the  benefit  of  any  person  designated  by  such  shareholder,  directly 
or  indirectly,  or  to  his  use,  nor  confer  any  right  whatsoever  upon  the  holder  of  any 
grant,  release,  waiver,  or  declaration  of  abandonment  of  whatever  kind  of  such  right: 
Provided,  however,  that  if  for  any  reason  it  should  at  any  time  become  impractica- 
ble to  beneficially  use  water  for  the  irrigation  of  the  land  to  which  the  right  to  the 
use  of  the  same  is  appurtenant  on  the  said  land,  the  said  right  may  be  severed  from 
said  land  and  simultaneously  transferred  and  attached  to  other  lands  to  which 
shares  of  stock  in  this  association  are  or  are  thereby  made  appurtenant,  if  a  petition 
for  leave  to  make  such  transfer  and  showing  the  necessity  therefor  shall  have  first 
been  approved  by  a  two-thirds  vote  of  the  board  of  governors  at  a  regular  meeting 
and  by  the  Secretary  of  the  Interior;  and  all  the  provisions  and  agreements  herein- 
before in  this  section  contained  shall  be  set  forth  in  the  aforesaid  certificate  or  other 
evidence  of  the  ownership  of  shares  of  stock  in  the  association,  and  such  certificate 
or  other  instrument  shall  be  signed,  executed,  and  acknowledged  by  the  president 
and  secretary  of  the  association,  and  by  the  person  to  whc»n  it  is  issued  in  the  man- 
ner required  by  law  for  the  execution  and  acknowledgment  of  deeds  for  the  convey- 
ance of  real  estate,  and  the  council  shall  pass  by-laws  prescribing  the  form  of  such 
certificate  or  other  instrument  not  inconsistent  with  these  articles. 

Sec.  9.  Every  transfer  of  the  title  to  any  lands  to  which  the  said  rights  and  stock 
are  so  appurtenant,  whether  by  grant  or  by  operation  of  law  (except  where  the 
land  may  be  subjected  by  grant  or  involuntarily  under  any  law  to  an  easement, 
the  exercise  of  which  does  not  interfere  with  the  cultivation  of  the  soil  by  the  serv- 
ient ow^ner)  shall  operate,  whether  it  be  so  expressed  in  the  grant  or  other  means  of 
transfer  or  not,  as  a  transfer  of  all  rights  to  the  use  of  water  for  the  irrigation  of  said 
lands,  and  all  rights  arising  from,  or  incident  to,  the  ownership  of  such  stock,  and 
as  well  as  the  stock  itself,  to  the  grantee  or  successor  in  title  of  said  lands;  and  upon 
presentation  to  this  association  of  proof  of  any  such  transfer  of  land,  to  which  such 
rights  are  appurtenant,  the  proper  officer  shall  transfer  such  stock  upon  its  books  to 
the  successor  in  title  to  said  lands. 

Sec.  10.  Any  transfer,  or  attempted  transfer,  of  any  of  the  shares  of  stock  of  this 
association,  made  or  suffered  by  the  owner  thereof,  unless  simultaneously  a  transfer 
of  the  land  to  which  it  is  appurtenant  is  made  or  suffered,  shall  be  of  no  force  or 
effect  whatsoever  for  any  purpose,  and  shall  confer  no  rights  of  any  kind  whatso- 
ever on  the  person  or  persons  to  whom  such  transfer  may  have  been  attempted  to  be 
made. 
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Bbc.  11.  No  paymentH  for  the  impital  Btock  of  this  aaeociation  shall  lie  re(]uired 
exc'ept  in  the  manner  following: 

Whenever  it  shall  be  announced  or  otherwise  made  known  by  the  Government,  or 
any  of  its  proper  agencies,  to  the  subscribers  to  the  shares  of  said  capital  stock  that 
rights  may  be  initiated  to  the  use  of  water  from  any  works  acquired  or  constructed 
by  it  for  the  storage  or  development  of  water  capable  of  being  used  on  the  lands  of 
the  subscribers  for  said  shares  of  stock,  or  in  the  acquisition  or  construction  of  which 
i^orks  the  Government  shall  liave  aide<l,  then  the  said  subscribers  shall,  under  the 
raleR  and  regulations  prescribed  by  the  Government  therefor,  within  a  reasonable 
tinie,  apply  to  the  proper  agency  for  such  rights  at  the  rate  of  one  acre  for  each 
share  of  stock  so  subscribed  for,  and  upon  proper  proof  to  this  association  that  such 
rights  have  been  allotted  to  the  subscriber  and  that  he  has  complied  with  the  Gov- 
ernment rules  and  regulations  up  to  that  time,  so  as  to  entitle  him  to  complete  his 
ultimate  acquisition  thereof,  then  such  subscriber  shall  be  deemed  to  have  paid  on 
his  subscription  of  said  stock  the  amount  that  he  shall  have  then  jMiid  to  or  for  the 
Dse  of  the  Government  for  such  right,  and  when  all  subsequent  payments  required 
by  the  Government  for  such  rights  shall  have  been  paid  by  him,  or  by  anyone  for 
him,  then  such  stock  shall  be  deemed  and  held  to  have  been  fully  paid  up. 

Ssc.  12.  If  it  should  be  determined  by  the  Government  that  the  amount  of  water 
that  may  safely  be  estimated  to  be  capable  of  being  stored,  or  dev^eloped  by  works 
acquired  or  constructed  or  to  be  acquired  or  constructed  by  it,  or  by  this  association, 
in  addition  to  the  amount  of  water  now  appropriated  out  6f  Salt  River  and  Verde 
River,  for  the  irrigation  of  lands  in  said  reservoir  district,  shall  together  be  insufficient 
to  pn^ierly  irrigate  250,000  acres  of  land,  then  the  number  of  shares  of  the  capital 
stock  of  this  association  shall  be  reduced  so  that  the  number  of  such  shares  shall  not 
exceed  the  number  of  acres  estimated  by  the  Government  to  be  capable  of  irrigation 
from  such  combined  sources  of  supply. 

Sfic.  13.  If  at  the  time  of  the  determination  by  the  Government  of  the  number  of 
acres  capable  of  such  irrigation  there  shall  have  been  subscribed  for  a  number  of  the 
shares  equal  to  the  number  of  acres  so  estimated  to  be  capable  of  irrigation,  then  no 
subscription  for  more  shares  shall  be  taken.  If  the  number  so  subscribed  for,  how- 
ever, shall  then  exceed  the  estimated  number  of  acres  so  capable  of  irrigation,  then 
there  shall  be  allotted  to  said  subscribere  that  number  of  shares  equal  to  the  estimated 
number  of  acres  capable  of  irrigation.  In  such  allotment  cultivated  lands  shall  have 
the  preference;  and  any  excess  in  the  number  of  shares  subscribed  for  over  the  num- 
ber so  allotted  shall  be  canceled,  and  thereafter  shall  not  be  issued. 

Sec.  14.  In  exercising  the  right  of  preference  to  allotment  of  shares,  provided  for 
in  the  foregoing  section,  the  by-laws  may  prescribe  reasonable  times  within  which 
such  preference  shall  be  declared  and  the  manner  thereof. 

Abticlb  VI. 

Sbction  1.  The  exercise  of  the  corporate  powers  of  this  association  and  the  manage- 
ment of  its  affairs  shall  be  vested  in — 

(1)  A  council; 

(2)  A  board  of  governors; 

(3)  One  or  more  local  boards  of  water  commissioners,  and 

(4)  A  president,  vice-president,  treasurer,  secretary,  and  such  other  officers  and 
agents  as  shall  or  may  be,  from  time  to  time,  created  and  established  by  the  council. 

Sec.  2.  The  council  shall  consist  of  30  members,  who  shall  hold  their  offices  for 
three  yeara.  In  the  event  of  a  vacancy  occurring  from  death,  resignation,  ceasing  to 
be  a  shareholder  of  this  association,  removal  from  the  reservoir  district,  or  other 
cause,  the  unexpired  term  shall  be  filled  at  the  annual  election  next  after  the  vacancy 
shall  have  occurred.  Shareholders  of  this  association  only  shall  be  eligible  to  the 
office  of  member  of  the  council. 
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Sec.  3.  The  annual  election  of  the  members  of  the  council  and  of  the  other  officeiv 
ifor  whose  election  these  articles  provide  shall  be  held  bn  the  first  TUeeday  of  April 
in  each  year. 

Sec.  4.  Fot-  the  purpose  of  electing  membefe  xA  the  council  the  territory  described 
in  Article  IV  of  thwse  articles  shall  be  di\Hd^  by  the  council  into  ten  districts,  which 
'districts  shall  severtllly  consist  of  contiguous  territory,  and  be  as  neariy  uniform  in 
ishape,  and  contain  as  neariy  an  equal  number  of  acres  to  which  shares  of  stock  in 
Ihis  association  are  appurtenant,  as  may  be  practicable. 

Sec.  5.  At  each  annual  election,  after  1904,  there  shall  be  elected  one  member  of 
the  council  from  each  of  said  several  districts  by  the  electors  thereof.  Such  member 
shall  at  the  time  of  his  election  be  the  owner  of  lands  situated  within  the  district  for 
which  he  is  elected  to  which  shares  of  stock  of  this  association  are  appurtenant,  and 
shall  also  be  a  resident  of  the  reserv^oir  district,  and  if  he  should,  during  his  term  of 
office,  cease  to  be  such  owner,  or  a  resident  of  such  reservoir  district,  his  office  shall 
thereupon,  and  by  reason  thereof,  become  vacant. 

Sec.  6.  At  the  annual  election  to  be  held  on  the  first  Tuesday  of  April,  1904,  there 
shall  be  elected  three  members  of  the  council  from  each  of  said  districts,  one  of  whom 
shall  be  elected  to  serve  for  one,  one  for  two,  and  the  third  for  three  years. 

Sec.  7.  The  term  of  office  of  members  of  the  council  shall  begin  on  the  first  Mon- 
day in  May  following  their  election. 

Sec.  8.  Until  the  election  of  members  of  the  council  at  the  annual  election  in  1904, 
and  until  their  qualification,  the  council  shall  consist  of  the  following-named  perBon?>, 
that  is  to  say:  J.  Wilfred  Broomell,  Vernon  L.  Clark,  O.  H.  Christy,  W.  W.  Dohnon, 
B.  A.  Fickas,  8.  S.  Green,  C.  R.  Hakes,  C.  T.  Hirst,  P.  T.  Hurley,  Jamee  Johnson, 
Emery  Kays,  W.  J.  Kingsbury,  Wallace  A.  MacDonald,  H.  C.  Mann,  M.  W.  Mt*- 
singer,  Thomas  W.  Pemberton,  Alfred  J.  Peters,  J.  E.  Price,  L.  J.  Rice,  L.  D.  Rous- 
seau, C.  S.  Steward,  J.  A.  Stewart,  J.  E.  Sturgeon,  Fred  Tait,  G.  E.  Tompkim^,  Howard 
L.  Underbill,  H.  G.  Van  Fossen,  A.  P.  Walbridge,  Henry  E.  Ware,  W.  A.  Wilson. 

Sec.  9.  The  council  shall  meet  at  least  once  in  each  year  at  the  city  of  Phoenix,  in 
Maricopa  County,  Ariz.  This  regular  annual  meeting  of  the  council  shall  begin  on 
the  first  Monday  in  May  in  each  year  and  continue  in  session  at  its  pleasure. 

Sec.  10.  Special  meetings  may  be  called  and  held  in  such  manner  and  at  such 
times  and  under  such  provisions  as  may  be  prescribed  by  the  by-laws.  The  general 
object  and  nature  of  business  to  be  transacted  at  any  special  meeting  shall  be  made 
known  by  reasonable  public  notice,  such  notice  to  be  that  prescribed  by  the  by-laws 
therefor. 

Sec  11.  The  members  of  the  council  shall  serve  as  such  without  compensation, 
but  may  receive  mileage  one  way  at  the  rate  of  10  cents  per  mile  for  each  day  of 
actual  attendance. 

Sec.  12.  No  member  of  the  council  shall  be  eligible  to  any  office  of  this  association 
to  which  there  is  attached  any  emolument  or  compensation,  nor  sliall  he  be  so  eligi- 
ble until  at  least  two  years  shall  have  elapsed  after  his  term  of  office  as  councilman 
shall  have  expired;  provided,  that  this  inhibition  shall  not  apply  to  any  person  by 
reason  of  his  membership  of  the  first  council. 

Sec  13.  The  council  shall  have  power  to  enact  and  adopt  and  provide  for  the 
enforcement  there<.)f  by-laws  for  the  government  of  the  members  of  this  association 
and  the  management  of  its  business,  and  the  conduct  of  its  affairs,  and  to  repeal, 
modify,  and  amend  the  same  from  time  to  time.  But  the  council  shall  not  have 
power  to  adopt  or  to  enforce  any  by-laws  that  in  anywise  conflict  with  any  rule  or 
regulation  established  by  the  Secretary  of  the  Interior  or  other  agency  of  the  Gov- 
ernment for  the  administration  of  water  from  any  reservoir  or  other  works  acquired 
or  constructed  l)y  the  National  Government,  or  in  the  acquisition  or  construction  of 
which  it  shall  have  aided,  and  which  may  he  used  for  supplying  water  to  the  lands 
of  the  shareholders  of  this  association. 
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Sjbc.  14.  No  by-laws  shall  be  passed  or  enforced  which  shall  interfere  with  or  affect 
any  present  existing  vested  right  of  any  member  of  this  af^sociation  to  the  use  of 
-water  for  irrigation. 

Sec.  15.  All  by-laws  shall  be  of  general  application  so  far  as  general  laws  can  be 
made  to  apply. 

Articlb  VII. 

Sbction  1.  At  all  elections  the  electors  shall  possess  the  following  qualifications: 

( 1 )  Shall  he  at  the  time  of  the  election  the  owner  of  at  lea«t  one  share  of  the  cap- 
ital stock  of  this  association,  and  shall  have  been  the  owner  thereof,  as  shown  by 
the  books  of  the  association,  for  at  least  twenty  days  before  such  election. 

(2)  Shall  be  of  the  age  of  21  years  or  more  and  of  sound  mind. 

Sec.  2.  At  all  elections  each  shareholder  shall  be  entitled  to  one  vote  for  each 
share  of  stock  owned  by  him,  not,  however,  to  exceed  in  the  aggregate  160  votes, 
and  no  more.  < 

Sue.  3.  The  votes  shall  be  by  written  or  printed  ballot,  and  be  voted  only  by  the 
electors  at  the  polls  in  person. 

Sbc.  4.  The  council  may  make  reasonable  by-laws  for  the  r^istration  of  voters 
and  the  method  of  holding  elections. 

Sbc.  5.  At  all  elections  the  person  receiving  the  highest  number  of  votes  for  any 
office  shall  be  deemed  elected  to  such  office. 

Article  VIII. 

Section  1.  The  board  of  governors  shall  consist  of  the  president,  by  virtue  of  his 
office,  and  ten  other  members.  Each  of  said  ten  members  shall  be  the  owner  of 
lands  situated  within  the  district  for  which  he  is  elected,  to  which  shares  of  stock 
of  this  association  are  appurtenant,  and  shall  also  be  a  resident  of  the  reservoir  dis- 
trict; and  if  he  should,  during  his  term  of  office,  cease  to  be  such  owner  or  a  resi- 
dent of  such  reservoir  district,  his  office  shall  thereupon,  and  by  reason  thereof, 
become  vacant. 

Sec.  2.  Otie  member  of  said  board  shall  be  elected  at  the  annual  election  to  be 
held  on  the  first  Tuesday  of  April,  1904,  and  at  each  annual  election  thereafter  from 
and  by  the  electors  of  each  of  the  districts  into  which  the  territory  described  in 
Article  IV  of  these  articles  is  or  may  be  divided  for  the  purpose  of  the  election  of 
members  of  the  council. 

Sbc.  3.  Until  the  election  of  members  of  the  board  of  governors  at  the  annual  elec- 
tion in  1904,  and  until  their  qualification,  the  board  of  governors  shall  consist  of  the 
following-named  persons,  that  is  to  say:  Frank  T.  Alkire,  A.  J.  Chandler,  William 
Christy,  B.  A.  Fowler,  Lin  B.  Orme,  F.  H.  Parker,  H.  Simkins,  M.  A.  Stanford, 
W.  H.  Wallace,  Sam  F.  Webb,  E.  W.  Wilbur. 

Sec.  4.  If  a  member  of  the  board  of  governors  at  any  time  during  his  term  of  office 
should  cease  to  have  any  of  the  qualifications  prescribed  for  that  office,  such  office 
shall  thereupon  become  vacant,  and  in  the  event  of  a  vacancy  from  that  cause  or  by 
reason  of  the  death,  removal  from  the  reser\'oir  district,  or  resignation  of  any  member 
of  said  board  of  governors,  the  vacancy  shall  be  filled  by  the  council  if  it  occurs  more 
than  sixty  days  prior  to  a  regular  election. 

Sbc.  5.  The  board  of  governors  shall  meet  in  regular  session  at  the  office  of  the 
association  on  the  first  Monday  of  each  month,  unless  it  be  a  legal  holiday,  in  which 
case  the  board  shall  meet  on  the  following  day. 

Sec.  6.  Special  meetings  of  the  board  of  governors  may  be  called  by  the  president, 
or  by  any  six  of  the  members  of  the  board.  Such  call  shall  be  in  writing  and  signed 
by  either  the  president  or  any  six  of  the  members,  and  shall  state  the  time  of  such 
proposed  meeting  and  the  nature  of  the  business  to  be  transacted  thereat.  Such 
written  call  shall  be  filed  with  the  secretary,  who  shall  thereupon  immediately,  and 
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at  least  five  days  before  the  time  fixed  for  such  meeting,  mail,  postpaid,  to  the  prea- 
deut  and  each  member  of  the  board  a  copy  of  such  call,  and  shall  publish  the  same 
in  some  newspaper  published  and  of  general  circulation  in  the  territory  described 
in  Article  IV  of  these  articles  on  three  consecutive  days  before  and  exclusive  of  the 
dfty  fixed  for  such  special  meeting.  If  the  secretary  fail  or  refuse  to  publish  such 
call  or  to  mail  copies  thereof,  as.  above  provided,  then  either  the  preaidenty  if  be 
issued  the  call,  or  any  one  of  the  members  who  issued  the  same,  may  make  publica- 
tion and  mail  copies  of  the  call,  with  like  effect  as  if  done  by  the  secretary.  Special 
meetings  of  the  board  of  governors  shall  be  held  at  the  office  of  the  association. 

Sec.  7.  The  members  of  the  board  of  governors  shall  receive  such  compensation  as 
shall  be  prescribed  by  the  council  by  by-laws. 

Skc.  8.  The  board  of  governors  shall  have  the  administration  of  the  corporate 
affairs  and  business  of  the  association,  and  shall  manage  and  conduct  the  same  sub- 
ject to  all  the  provisions  of  these  articles  and  of  the  by-laws. 

Sec.  9.  It  shall  have  the  power  to  appoint,  subject  to  removal  by  it  at  any  time,  a 
general  superintendent,  and  prescribe  his  duties  and  powers,  subject  to  all  rules  and 
regulations  prescribed  by  the  by-laws,  and  to  employ  an  engineer  or  engineers  and 
such  other  employees  as  may  be  proper  and  necessary  to  effect  the  purposes  of  this 
association,  subject  to/  such  rules  and  regulations  as  may  be  prescribed  by  the 
by-laws. 

Sec.  10.  It  shall  have  the  power  to  prosecute,  defend,  and  compromise  all  law- 
suits; to  make  all  contracts,  in  the  name  of  the  association,  nece6sar>'  and  proper  for 
the  conduct  of  the  affairs  and  the  carrying  on  of  the  business  of  the  association, 
subject  to  all  limitations  and  regulations  prescribed  by  these  articles  or  the  by-laws. 

Sec.  11.  It  shall  have  the  power  to  estimate,  make,  and  levy  all  assessments  againt^ 
the  shareholders  of  this  association  to  the  extent  and  in  the  manner  authorized  by 
these  articles  and  regulated  and  prescribed  by  the  by-laws. 

Sec.  12.  It  shall  have  the  power  to  make,  publish,  and  enforce  rules  and  regula- 
tions concerning  the  distribution,  use,  and  application  of  water  for  irrigation,  subject 
at  all  times  to  and  not  inconsistent  with  these  articles  or  with  the  by-laws  or  with 
any  rules  or  regulations  established  by  the  Secretary  of  the  Interior  or  other  agency 
of  the  National  Government. 

Sec.  13.  It  shall  keep,  or  cause  to  be  kept,  a  record  of  its  transactions,  which  shall 
at  all  times  remain  in  the  office  of  the  assopiation,  and  shall,  during  office  hours,  be 
open  to  the  inspection  of  the  shareholders  or  their  properly  authorized  i^ents. 

Sec.  14.  It  shall  hear  and  determine  complaints  of  shareholders  of  nonservice  or 
of  improper  service  or  distribution  of  water  or  of  improper  performance  of  duty  by 
any  employee  of  the  association  relative  to  the  distribution  of  water. 

Abticlb  IX. 

Section  1.  The  lands  under  each  separate  distributing  canal  system  within  the 
territory  described  in  Article  IV  of  these  articles  shall  on  the  petition  of  the  owners 
of  two-thirds  of  the  shares  of  the  capital  stock  of  this  association  appurtenant  to  tlie 
lands  in  such  proposed  canal  division  be  formed  into  a  canal  division,  and  the 
boundaries  of  such  division  be  fixed  by  the  council.  On  the  petition  of  the  holders 
of  a  majority  of  the  shares  in  this  association  owning  the  lands  affected  thereby,  or 
without  such  petition,  whenever  in  the  judgment  of  the  council  it  will  be  beneficial, 
the  council  may  change  or  modify  the  boundaries  of  any  canal  division. 

Sec.  2.  A  lx>ard  of  water  commissioners,  to  consist  of  three  members,  shall  be 
appointed  annually  by  the  board  of  governors  for  each  canal  division.  Such  appoint- 
ment shall  be  made  in  the  month  of  May  in  each  year,  and  no  one  shall  be  eligible 
for  such  office  unless  he  be  a  resident  within  the  canal  division  for  which  he  may 
be  appointed,  and  a  qualified  elector  as  provided  in  these  articles.     The  term  of 
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office  of  the  members  of  the  boards  of  water  commissioners  shall  be  from  the  time 
of  their  appointment  until  the  first  day  of  May  in  the  following  year,  and  until  their 
saccesBors  shall  have  been  appointed  and  have  qualified,  and  they  may  be  removed 
for  cause  by  the  board  of  governors,  who  may  fill  any  vacancy  in  any  board  of  water 
commissioners  for  the  imexpired  term. 

Sbc.  3.  If  a  petition  signed  by  shareholders  in  this  association,  constituting  a 
majority  of  qualified  electors,  residing  in  any  canal  division,  shall  be  presented  to 
the  board  of  governors  at  their  first  meeting,  in  May,  naming  three  persons  eligible 
for  appointment  as  water  commissioners,  in  said  canal  division,  and  asking  for  their 
appointment  to  such  office,  such  persons  shall  be  appointed  as  such  water  commis- 
sioners. 

Sec.  4.  In  each  canal  division  the  board  of  water  commissioners  thereof  shall  have 
the  control  and  management  of  the  local  affairs  of  the  canal  system  therein,  and  of 
the  distribution  of  water  therefrom,  subject  to  the  provisions  of  these  articles,  and  to 
the  by-laws,  and  to  the  rules  and  regulations  established  by  the  council,  or  by  the 
Secretary  of  the  Interior,  or  any  agency  of  the  National  Government. 

Sbc.  5.  The  board  of  water  commissioners  in  each  canal  division  may  appoint  a 
secretary  of  the  board  and  employ  a  division  superintendent,  removable  at  their 
pleasure. 

Sbc.  6.  The  board  of  water  commissioners  may  call  a  meeting  at  any  time  of-  all 
the  landowners  in  their  canal  division  who  are  shareholders  in  this  association,  to 
consider  and  determine  whether  an  assessment  or  assessments  for  their  special  benefit 
should  be  levied  on  the  shareholders  in  said  division.  At  least  ten  days'  notice  of 
such  meeting  shall  be  given  by  the  secretary  of  said  board,  by  posting  a  notice 
thereof  in  three  public  places  in  said  canal  division,  and  mailing  a  copy  of  such 
notice,  with  postage  prepaid,  to  each  shareholder  residing  in  said  canal  division. 

Sec.  7.  If  a  majority  of  such  shareholders  who  are  the  holders  of  a  majority  of  the 
shares  of  this  association  appurtenant  to  lands  in  said  canal  division  shall  at  said 
meeting  approve  the  levy  of  such  special  assessment  or  assessments  and  sign  a  peti- 
tion to  the  board  of  governors  that  the  same  be  levied  on  the  shareholders  in  this 
association,  owning  lands  in  said  division,  and  specifying  the  amount  of  said  pro- 
posed assessment  and  the  purpose  for  which  it  should  be  levied,  and  said  board  of 
water  commissioners  should  recommend  it  in  writing,  indorsed  on  said  petition,  it 
shall  be  the  duty  of  the  board  of  governors  to  levy  said  special  assessment  on  all  the 
shareholders  in  this  association  owning  lands  in  said  canal  division. 

Sec.  8.  When  so  levied  the  said  assessment  may  when  collected  be  disbursed  by 
the  board  of  water  commissioners  of  said  canal  division  for  the  purpose  specified  in 
its  levy,  and  shall  be  paid  out  by  the  treasurer  on  warrants  drawn  on  him  by  the 
said  board  of  water  oonunissioners;  provided,  however,  that  nothing  in  this  article 
shall  limit  or  abridge  the  right  of  the  association  to  make,  levy,  and  collect  assess- 
ments, as  elsewhere  in  these  articles  provided. 

Article  X. 

SEcnoN  1.  A  president  and  a  vice-president  of  the  association  shall  be  elected  at  the 
annual  election  to  be  held  on  the  first  Tuesday  of  April,  1904,  and  every  two  years 
thereafter,  and  shall  serve  two  years  from  and  after  the  first  Monday  of  May  follow- 
ing their  election  and  until  their  successors  are  elected  and  qualified.  Until  the  elec- 
tion of  a  president  and  vice-president,  as  above  provided,  B.  A.  Fowler  shall  be  the 
president  and  E.  W.  Wilbur  shall  be  the  vice-president  of  this  association. 

Sec.  2.  'A  treasurer  and  a  secretary  of  the  association  shall  be  appointed  by  the 
board  of  governors  at  its  first  regular  meeting  in  each  year,  and  shall  serve  for  one 
year  thereafter  and  until  their  successors  have  been  appointed  and  have  qualified. 

Sec.  3.  The  treasurer  and  secretary  shall  give  such  bond  as  may  be  prescribed  by 
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the  by-laws;  provided  that  no  member  of  the  board  of  govemore  nor  the  secretaiy 
shall  be  accepted  as  a  surety  on  the  bond  of  the  treasurer. 

Sec.  4.  The  president,  vice-president,  treasurer,  and  secretary  shall  perform  each 
duties  as  are  prescribed  by  these  articles  and  by  the  by-laws,  wherein  such  by-laws 
shall  not  be  inconsistent  with  law  or  with  these  articles,  and  shall  receive  such  com> 
pensation  as  may  be  fixed  by  the  by-laws,  which  compensation  shall  be  neither 
increased  nor  diminished  during  their  respective  terms  of  office. 

Sec.  5.  In  case  of  the  absence,  illness,  or  inability  of  the  president  to  act  from  any 
cause,  or  in  case  of  a  vacancy  in  that  office,  the  vice-president  shall  act  in  the  place 
and  stead  of  the  president.  In  the  event  of  a  vacancy  in  the  offices  of  both,  the 
president  and  vice-president,  the  council  shall  call  a  special  election  to  fill  the  unex- 
pired terms  for  both  offices;  provided,  however,  that  such  vacancies,  if  occurring 
within  sixty  days  before  the  next  annual  election,  shall  be  filled  by  appointment  by 
the  council. 

Sbc.  6.  The  president  shall  be  the  chief  executive  officer  of  the  association,  and 
shall  have  general  8up>ervision  over  all  other  officers  of  the  association  in  the  per- 
formance of  their  duties  as  such,  and  of  the  conduct  of  the  business  and  affiiirs  of  the 
association.  He  shall  preside  at  all  meetings  of  the  board  of  governors  and  shall  be 
ex  officio  a  member  of  that  board,  and  perform  such  other  duties  as  may  be  devolved 
upon  him  by  the  by-laws. 

Sec.  7.  All  certificates  or  other  evidences  of  the  ownership  of  shares  of  stock  in  the 
association  issued  by  the  association  shall  be  signed  by  the  president  and  secretary 
of  the  association  and  shall  have  the  seal  of  the  association  affixed  thereto. 

Sec.  8.  All  contracts  and  instruments  in  writing  executed  for  or  in  behalf  of  the 
association  shall  be  so  executed  in  the  name  of  the  association  by  the  president  and 
secretary,  and  shall  have  the  seal  of  the  association  affixed  thereto. 

Sec.  9.  The  treasurer  shall  receive  and  be  the  custodian  of  all  moneys  and  other 
funds  of  the  association.  No  moneys  shall  be  paid  out  by  the  treasurer  unless  upon 
warrants  drawn  on  him  by  the  president  and  secretary,  except  as  provided  in  Article 
IX,  section  8,  of  these  articles.  No  warrants  shall  be  drawn  on  the  treasorer  by  the 
president  and  secretary  except  upon  the  order  of  the  board  of  governors,  recorded 
in  the  minutes  of  the  board,  and  in  a  warrant  record  to  be  kept  by  the  secretarj-. 

Sec.  10.  The  treasurer  shall  keep  a  full,  complete,  and  accurate  account  of  all 
moneys  of  the  association  receive<i  and  disbursed  by  him,  in  booko  belonging  t() 
the  association,  and  shall  present  a  report  and  account  thereof  for  the  last  preceding 
month  to  the  board  of  governors  at  every  r^ular  monthly  meeting  of  said  board,  and 
shall,  at  the  expiration  of  each  quarter,  prepare  and  publish,  in  such  manner  as  the 
by-laws  may  prescribe,  a  quarterly  statement  to  shareholders  showing  all  such  receipts 
and  disbursements  during  the  last  preceding  quarter;  and  the  treasurer  shall  perform 
such  other  duties  as  may  be  devolved  upon  him  by  the  by-laws. 

Sec.  11.  The  secretary  shall  act  as  the  clerk  of  the  board  of  governors,  and  keep  a 
record  of  all  their  proceedings.  He  shall  be  the  custodian  of  the  seal  of  the  associa- 
tion, and  of  all  its  books,  papers,  and  reconls.  He  shall  immediately  upon  their 
adoption  and  certification  U)  him  by  the  council,  record  in  a  book  of  by-laws  to  be 
kept  by  him  in  his  office,  all  by-laws  adopted  by  the  council,  and  shall  keep  such 
book  open  to  the  inspection  of  any  member  of  the  association  at  all  times  during 
business  hours.  And  the  secretary  shall  perform  such  other  duties  as  may  be 
devolved  upon  him  by  the  by-laws. 

Article  XL 

The  council  may  c  reate  such  other  offices  as  may  be  necessary  for  the  carrying  on 
of  the  business  and  affairs  of  this  association,  and  presenile  the  manner  of  appoint- 
ment, powers,  duties,  terms  of  office,  eligibility,  and  compensation  thereof  by  by-laws 
not  inconsistent  with  these  articles. 
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Artk'Le  XII. 

L"i><)n  proper  complaint  thereof  by  the  board  of  governors,  duly  8ustaine<l,  the 
council  may  remove  from  office  the  i)re8ident,  vice-prewident,  treasurer,  He<Tetary, 
or  the  incumbent  of  tmy  office  created  by  the  council,  for  incompetence,  negle(*t  of 
<1iity,  miflappropriation  of  fundn  of  the  asHOciation,  or  for  violation  of  any  of  the 
proviBions  of  these  articleH  or  of  any  by-law.  The  council  shall  prescribe  by  by-laws 
the  procedure  for  such  removal. 

Article  XIII. 

Skction  1.  Revenues  necessary  for  the  accomplishment  of  the  purposes  of  this 
aasooiation  shall  Ije  raised  by  an  assessment  thereof,  from  time  to  time  as  required, 
upon  and  against  the  shareholders. 

Sbc.  2.  The  council  shall  have  power  to  make  and  enforce  necessary  by-laws  for 
the  making,  levying,  collecting,  and  enforcing  of  such  assessments. 

Sisc.  3.  Assessments  for  the  ordinary  cost  of  operation,  maintenance,  and  repair 
of  the  works  of  the  association,  or  of  those  the  maintenance  and  control  of  which 
are,  or  may  be  hereafter,  lodged  in  the  association,  shall  be  equally  a^ssessed  against 
all  the  shareholders  in  proportion  to  the  number  of  shares  held  by  them,  respectively. 
Sec.  4.  Assessments  for  the  purpose  of  constructing  or  acquiring,  or  for  the  better- 
ment, improvement,  renewal,  replacement,  or  preservation  of  any  works,  property, 
or  rights  of  the  association,  or  for  the  purpose  of  preserving,  or  increasing,  or  more 
efficiently  or  economic^ally  distributing  the  water  supplies  available  for  distribution 
by  the  association,  or  for  the  fulfillment  of  any  obligation  undertaken  by  the  associa- 
tion in  any  contract,  agreement,   or  other  arrangement  with  the  United  States 
Uovemment,  or  necessary  for  the  accomplishment  or  carrying  out  of  any  of  the 
purposes  of  the  assoc*iation,  may  be  equally  assessed  against  all  the  shareholders  in 
proportion  to  the  number  of  shares  owned  by  them,  respectively. 

Sbc.  5.  Assessments  for  expenditures  for  purposes  that  are  of  benefit  to  a  part  only 
of  the  shareholders  may  be  specially  assessed  in  proportion  to  such  benefits  against 
such  shareholders,  but  no  expenditure  to  be  provided  for  or  covered  by  such  special 
assessment  shall  be  made,  or  obligation  to  expend  the  same  incurred,  except  upon 
the  petition  of  the  holders  of  two-thirds  of  the  shares  to  be  so  specially  benefited 
thereby. 

Sec.  6.  Assessments  shall  become,  from  time  to  time  as  they  are  made  and  levied, 
and  until  they  are  paid  or  otherwise  discharged  shall  be  and  remain  a  lien  on  the 
lands  of  the  shareholder  against  which  they  are  levied  and  upon  the  shares  of  stock 
appurtenant  to  said  lands  and  all  rights  and  interests  represented  by  such  shares. 
The  manner  of  fixing  the  lien  and  enforcing  the  same  shall  be  prescribed  in  the 
bv-laws. 

Sbc.  7.  Except  for  the  ordinary  operation,  maintenance,  and  repair,  no  work  shall 
be  undertaken,  purchase  made,  or  indebtedness  incurred  or  be  authorized  during  any 
one  year  whereof  the  cost  or  amount  thereof  shall  exceed  $50,000  until  it  shall  have 
first  been  ratified  by  at  least  two- thirds  of  the  votes  cast  at  an  election  to  be  called 
for  that  purpose.  Special  elections  may  be  called  and  held  for  such  purpose  under 
such  by-laws  as  the  council  may  prescribe  not  inconsistent  with  these  articles. 

Article  XIV. 

Nothing  in  these  articles  of  incorporation,  or  in  the  fact  of  becoming  a  member  of 
this  association,  shall  be  construed  as  affecting,  or  intended  to  affect,  or  in  anyway 
interfere  with  the  present  vested  rights  of  any  person  to  the  prior  use  or  delivery  of 
the  natural  appropriated  fiow  of  the  waters  of  the  Salt  and  Verde  rivers. 


158  FIB8T   BEOLAMATION   SERVICE   OONFBEENCE.  l»o.» 

Abticle  XV. 

The  individual  property  of  the  shareholders  shall  be  exempt  from  liability  for 
incorporate  indebtedness  of  this  association. 

Abticlb  XVI. 

■ 

The  incorporate  indebtedness  shall  not  exceed  two-thirds  of  the  amount  of  the 
capital  stock. 

Abticlb  XVII. 

This  corporation  shall  endure  for  the  term  of  twenty-five  years. 

Akticlk  XVIII. 

These  articles  of  incorporation  can  only  be  amended  by  the  shareholders  at  a  reg- 
ular aimual  election  or  at  a  special  election  called  for  that  purpose.  No  proposed 
amendment  shall  be  submitted  to  the  shareholders  until  it  shall  have  first  received 
the  approval  of  two-thirds  of  the  members  of  the  council  at  a  regular  or  duly  called 
session  thereof,  nor  shall  any  such  proposed  amendment  be  so  submitted  until  it 
shall  have  been  published  in  full  at  least  once  in  each  week  for  four  consecative 
weeks  in  at  leai^t  three  newspapers  published  and  of  general  circulation  within  the 
territory  descril>ed  in  Article  IV  of  these  articles,  the  last  of  which  such  publications 
shall  be  not  less  than  ten  nor  more  than  twenty  days  before  any  such  election. 

Abticlb  XIX. 

This  association  may  accept  and  avail  itself  of,  or  subject  itself  to,  the  provisionfi 
of  any  law  or  laws  enacted  or  that  may  be  enacted  by  Congress  or  the  l^slative 
assembly  of  the  Territory  or  State,  when  it  becomes  a  State,  of  Arizona,  relative  to 
corporations  which  may  be  applicable  to  corporations  organized  for  like  purposes  aa 
this  association.  Such  acceptance  or  subjection  shall  be  valid  when  ratified  by  at 
least  two-thirds  of  the  votes  cast  at  any  annual  election,  or  at  any  special  election 
called  for  the  ratification  thereof. 

Abticlb  XX. 

The  seal  of  this  association  shall  be  a  figure  of  two  concentric  circles,  the  outer 
being  2  inches  and  the  inner  1^  inches  in  diameter.  In  the  space  between  the  two 
shall  be  the  words  '*Salt  River  Valley  Water  Users'  Association,"  and  bearing 
within  the  center  space  an  unrolled  scroll  with  the  words  and  figures  thereon, 
"Incorporated,  1903,  Arizona." 

Witness  our  hands  hereto  this  4th  day  of  February,  A.  D.  1903. 

RECI^MATION  WORK  IN  CAIiIFOR]NTA. 

By  Hon.  George  C.  Pardee,  Governor  of  California. 

I  am  glad  to  have  this  opportunity  to  tell  you  that  I  am  pleased 
to  note  the  intelligent  and  scientific  manner  in  which  your  department 
is  taking  up  the  development  of  irrigation  in  the  arid  West,  particu- 
larly in  California,  where,  of  course,  my  interest  centers.  I  realize 
that  your  work  will  be  of  the  greatest  benefit  to  my  State,  and  hold 
myself  in  readiness,  and  the  State  of  California  is  ready,  now  as  in  the 
past,  to  cooperate  with  you  in  every  way  to  develop  as  soon  as  possible 
the  irrigation  water  supply  of  California. 
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1  believe  this  to  be  as  proper  Government  work  as  is  that  of  pre- 
serving the  navigability  of  our  rivers,  and,  in  fact,  that  it  will  produce, 
at  thift)  stage  of  our  national  growth,  greater  results  than  will  the  pro- 
motion of  navigation  by  the  Government.     To  my  mind  the  national 
work  for  irrigation  in  the  West  should  take  precedence  over  river 
and  harbor  improvements,  and  both  should  be,  for  many  reasons. 
Government  clmrges.     What  California  needs,  even  when  her  rainfall 
amounts  to  15  or  20  inches  per  annum,  is  the  power  to  regulate  the 
distribution  of  rainfall  on  the  land  at  such  times  and  in  such  amounts 
as  ^11  best  serve  the  needs  of  the  crops  to  be  produced,  and  the  only 
way  to  do  this  is,  of  course,  to  irrigate.     While  irrigation  is  not  so 
absolutely  necessary  in  northern  as  in  southern  California,  all  sections 
of  the  State  would  be  greatly  benefited  by  its  application.     Inasmuch 
as  your  department  has  not  yet  filed  a  report  of  the  progress  of  your 
work,  which  is  being  done  in  cooperation  with  the  State  of  California, 
I  can  not  judge  accurately  of  its  full  scope,  but  from  the  reports  that 
have  been  made  from  time  to  time  by  your  engineers  in  the  field  and 
by  the  statements  filed  by  the  board  of  examiners  I  think  a  vast 
amount  of  good  must  come  from  the  records  being  gathered  by  3^our 
department. 

The  measurement  of  streams  and  run-off  from  the  different  drainage 
areas  being  taken  by   your  hydrographers  is  furnishing  a  fund  of 
information  that  will  be  of  very  great  service   when  irrigation  is 
developed  and  water  becomes  of  greater  value  in  all  parts  of  the  State. 
I  confess  that  I  am  getting  eager  to  see  the  actual  construction  work 
begin  in  California.     A  conference  with  Messrs.  Savage  and  Bien,  of 
your  department,  after  they  had  reviewed  the  proposed  projects  on 
Colorado  River,  on  King  River,  and  at  Clear  Lake,  gives  hope  that 
such  construction  may  be  expected  in  the  near  future.     In  our  efforts 
at  cooperation,  both  in  the  hydrographic  and  topographic,  as  well  as 
in  the  forestry  departments,  it  has  been  the  aim  of  myself  and  my 
administration  to  leave  the   United  States  Government  absolutely 
unhampered,  so  as  to  get  the  very  best  for  the  whole  State.     So,  in 
the  reclamation  service,  whether  you  gentlemen,  in  your  scientific 
wisdom,  find  it  best  to  begin  actual  construction  in  the  southern,  cen- 
tral, or  northern  part  of  the  State,  we  hope  that  the  very  best  place 
will  be  selected,  and  that  the  wisdom  of  the  President's  policy  for 
national  irrigation  may  be  put  in  concrete  form  at  an  early  date  in 
California. 

More  and  more  am  I  impressed  with  the  vastness  of  the  resources 
of  California  and  of  its  limitless  possibilities  when  irrigation  and  cul- 
tivation are  brought  to  that  high  state  which  will  doubtless  be  attained. 
Therefore  1  regard  your  work  in  the  Geological  Survey  as  of  the 
greatest  importance  to  California. 
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WORK  IN  COIiORABO. 

By  A.  L.  Fellows. 

PROJECTS  CONSIDERED. 

During  the  last  year  investigations  made  with  a  view  to  reclaiming 
arid  lands  in  Colorado  have  been  carried  on  at  four  localities.  Three 
of  these  will  be  mentioned  very  briefly,  but  the  fourth  will  be  described 
in  detail. 

The  first  investigation  made  was  in  northeastern  Colorado,  on  South 
Platte  River,  in  the  vicinity  of  Sterling.     This  project  was  not  favor 
ably  considered,  and  a  report  has  been  made  adverse  to  construction  on 
the  ground  that  the  water  supply  of  the  South  Platte  is  insuflicient. 

Second,  may  be  mentioned  the  investigations  made  in  northivestem 
Colorado,  which  are  still  under  way.  These  investigations  have  been 
carried  on  more  particularly  on  Yampa  and  White  rivers.  Those  on 
the  Yampa  have  been  merely  reconnaissance  surveys,  while  those  on 
the  White  liave  been  made  in  gi*eater  detail.  1  may  say  that  I  am 
favorably  impressed  with  the  possibilities  in  this  locality,  but  it  is  too 
early  to  make  detailed  statements  concerning  these  projects. 

Third,  I  may  mention  the  investigation  on  Grand  Kiver  near  Grand 
Junction,  made  with  a  view  to  reclaiming  arid  lands  in  that  locality. 
It  was  hoped  at  first  that  it  might  be  possible  to  take  out  the  water  of 
Grand  River  at  an  elevation  sufficient  to  irrigate  the  plains  in  ea^^tem 
Utah,  but  the  investigation  showed  that  this  plan  was  not  feasible. 
There  seems,  however,  to  be  a  possibility  of  developing  a  large  tract 
of  land — about  60,000  acres — in  the  vicinity  of  Grand  Junction  by  a 
lower  line.  No  detailed  examination  has  been  made  of  this  low-line 
project,  although  the  people  of  Grand  Junction  -are  desirous  that  it 
shall  be  investigated. 

The  project  that  will  be  of  greatest  interest  to  you,  I  believe,  is  that 
which  is  generally  known  as  the  Uncompahgre  Valley  project,  which 
contemplates  the  taking  of  water  from  Gunnison  River  at  a  point  in 
the  Grand  Canyon  of  the  Gunnison  about  16  miles  northeast  of  the 
town  of  Montrose.  Gunnison  River  rises  in  south-central  Colorado 
and  flows  in  a  westerly  and  northwesterly  direction  to  its  junction 
with  the  Grand.  For  about  60  miles  it  flows  through  a  valley  which 
is  usually  narrow,  but  which  at  times  broadens  to  such  an  extent  that 
some  irrigation  is  practiced  on  the  bottom  lands.  For  the  last  20  miles 
of  this  course,  however,  it  runs  through  what  is  known  as  the  Black 
Canyon  of  the  Gunnison,  which  ends  at  the  mouth  of  Cimarron 
River  where  the  Grand  Canyon  of  the  Gunnison  commences.  In  this 
deep  and  rugged  canyon,  which  is  almost  inaccessible  to  man,  at  a 
point  about  20  miles  below  its  head,  it  is  intended  that  water  shall  be 
taken  for  the  reclamation  of  the  Uncompahgre  Valley. 
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The  Uncoinpahgre  Valley  is  broad  and  level,  although  the  surface  of 
ttke  ground  is  rolling  in  places.  The  discharge  of  the  river  varies  from 
BO  second-feet  at  low  water  to  1,000  second-feet  at  high  water,  an 
amount  totally  inadequate  to  irrigate  successfully  the  entire  valley, 
'which  comprises  about  175,000  acres,  of  which  120,000  acres  are  in 
private  ownership.  The  best  lands  of  the  valley  have  been  settled  ui)on 
for  Borne  time,  but,  owing  to  the  inadequate  water  supply,  have  not 
l3een  irrigated,  the  Uncompahgre  furnishing  at  its  normal  stage  only 
about  enough  water  to  irrigate  10,000  acres. 

The  present  project  contemplates  the  diversion  of  the  waters  of  the 
Grunnison  by  means  of  a  tunnel  about  6  miles  in  length,  with  a  cross- 
section  12  by  12  feet,  capable  of  carrying  approximately  1,200  second- 
feet  of  water.  This  amount  will  be  discharged  into  the  Uncompahgre 
Valley  at  an  elevation  suiSciently  high  to  irrigate  the  entire  valley. 
The  people  there  have  formed  a  water-users'  association  similar  to  tliat 
organized  in  the  Salt  River  Valley  in  Arizona,  and  have  subscribed  for 
about  70,000  acres  of  land.  The  amount  for  which  it  is  necessary  to 
subscribe,  as  informally  stated,  is  85,000  acres.  The  maximum  aniount 
to  which  stock  may  be  assessed  is  $25  per  share.  This  is  a  high  rate, 
but  the  lands  of  the  Uncompahgre  Valley  can  well  stand  it  from  their 
adaptability  to  fruit  raising  and  the  value  of  its  other  crops.  Good 
fruit  lands  are  easily  worth  from  |300  to  $400  an  acre,  and  in  some 
places  where  there  is  a  satisfactory  water  supply,  their  cost  is  much 
greater. 

It  is  expected  that  the  total  cost  of  constructing  the  tunnel  and  dis- 
tributing canals  will  be  about  $2,500,000. 

DENVER  OFFICE. 

Owing  to  the  fact  that  Denver  is  so  admirably  located  with  reference 
to  the  work  of  the  reclamation  service  in  the  Rocky  Mountain  region, 
it  was  decided  in  the  winter  of  1902-3  that  a  permanent  office  should 
be  established  at  that  point.  Until  April  1,  1903,  office  room  was 
obtained  through  the  courtesy  of  the  State  engineer  of  Colorado,  as 
had  been  the  case  for  the  last  four  years,  and  with  his  cooperation  and 
that  of  his  assistants  great  expense  had  been  saved.  Owing,  however, 
to  the  fact  that  the  work  of  the  reclamation  service  was  growing  so 
rapidly,  and  that  the  quarters  furnished  by  the  State  engineer,  although 
as  commodious  as  possible,  were  still  too  cramped  to  permit  satisfac- 
tory results,  it  was  decided  that  rooms  should  be  rented  elsewhere. 
Accordingly,  on  April  1,  three  rooms  were  rented  in  the  Majestic 
Building,  Denver,  and  these  rooms  were  occupied  b}'  the  engineers 
and  assistants  of  the  hydrographic  branch  until  July  1,  when  it  was 
again  found  necessary  to  move,  for  the  same  reasons  that  had  prevailed 
in  the  former  instance.  More  commodious  quarters  were  then  found  in 
1KB  93—04 11 
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the  Chamber  of  Commerce  building,  at  the  corner  of  Fourteenth  and 
Lawrence  streets,  and  the  office  of  the  hjdrographic  branch  was 
installed  at  that  point,  and  there  it  has  remained  ever  since. 

These  rooms  have  been  supplied  with  the  necessary  furnitui-e  in  the 
way  of  drawing  tables,  desks,  and  other  equipment,  and  it  is  expected 
that  this  office  will  be  made  to  some  extent  the  center  of  the  work  of 
the  reclamation  service  in  the  Rocky  Mountain  region,  particularly  in 
the  winter  time,  in  order  to  avoid  such  crowding  in  the  headquarters 
at  Washington  as  otherwise  would  be  necessary. 

The  work  at  this  point  is  under  the  immediate  supervision  of  Mr. 
A.  L.  Fellows,  district  engineer.  Messrs.  H.  A.  Storrs,  John  E.  Field, 
Raymond  F.  Walter,  and  M.  C.  Hinderlider,  engineers,  and  a  number 
of  assistants  have  their  headquarters  at  this  point  also. 

TOPOGRAPHIC  WORK    IN   THE   GRAND   CANYON  OF    THE 

GUNNISON. 

By  I.  W.  MoCoNNELL,  C.  E.,  Resident  Engineer. 

Under  authority  of  the  reclamation  act  of  June  17,  1902,  the  engi- 
neers of  the  Geological  Survey  are  preparing  plans  for  the  study  of 
the  problem  of  furnishing  an  additional  supply  of  water  to  the 
Uncompahgre  Valley  in  Colorado.  The  valley  contains  in  its  cultivable 
parts  about  150,000  acres  of  highly  fertile  land.  A  large  portion  of 
this  is  under  cultivation,  and  in  many  places  splendid  orchards  and 
fields  give  unmistakable  evidence  of  the  richness  of  the  soil.  The 
water  for  the  present  cultivation  comes  from  Uncompahgre  River, 
which  furnishes  less  than  one-tenth  the  quantity  that  could  be  used. 
Many  entries  have  been  entirely  abandoned  and  the  land  covered  by 
them  has  been  allowed  to  revert  to  desert  conditions  owing  to  lack  of 
water.  The  productive  capacity  of  all  of  the  lands  that  arc  now  under 
cultivation  is  curtailed  from  one-half  to  one-fourth  on  account  of  the 
shortage  in  the  water  supply  during  the  late  summer  and  early  fall- 
To  remedy  this  condition  it  is  proposed  to  divert  water  from  Gunnison 
River  into  the  Uncompahgre  Valley. 

Gunnison  River  rises  in  central  southern  Colorado  and  flows  west- 
northwest  into  Grand  River  at  Grand  Junction,  not  far  from  the  Utah 
border.  It  is  a  stream  whose  volume  varies  from  600  to  20,001) 
second-feet  or  more,  the  minimum  flow  coming  in  the  winter  season. 
It  is  proposed  to  divert  1,200  se<5ond-feet  into  the  Uncompahgre 
Valley.  From  Sapinero,  Colo.,  to  the  State  bridge  in  Delta  County, 
a  distance  of  about  60  miles,  the  Gunnison  flows  through  a  pro- 
found canyon,  a  chasm  with  almost  vertical  walls  varying  in  depth 
from  1,000  feet  to  nearly  3,000  feet.  The  width  is  not  great,  being 
in  some  places  only  1,700  feet,  so  that  one  standing  on  the  rim  has 
spread  before  him  the  great  rent  in  the  earth  with  its  frightful  crags 
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and  its  wonderful  spires,  all  so  near  that  its  grotesque  details  and  its 
awful  sublimity  make  a  direct  appeal  to  the  eye.  The  Denver  and  Rio 
Grande  Railway  follows  the  river  in  the  canyon  down  to  the  mouth 
of  the  Cimarron.  Here  the  obstacles  become  too  great,  and  the  rail- 
road cliralis  out  of  the  canyon  and  into  the  Uncompahgre  Valley  by 
way  of  Cerro  Summit.  From  Cimarron  to  the  State  bridge  the 
(irunnison  flows  through  the  deepest  part  of  its  canyon,  which  is  difli- 
cult  of  access  and  is  in  a  country  unknown  to  any  except  adventurous 
huntei's,  range  riders,  and  exploring  engineers.  In  the  depths  of  this 
can^'on  the  Government  engineers  propose  to  loc*ate  controlling  works 
for  the  diversion  of  the  water  that  is  to  transform  the  Uncompahgre 
Valley.  The  diversion  is  to  be  made  by  a  tunnel  about  6  miles  long, 
driven  through  the  hills  that  separate  the  Gunnison  from  the  Uncom- 
pahgre. To  determine  the  details  of  topography  necessary  for  the 
location  of  dams,  head  gates,  and  other  controlling  works,  and  to  intel- 
ligently present  the  project  to  the  executive  oflBcers  of  the  Geological 
Surv^ey,  has  been  one  of  the  problems  confronting  the  engineers 
intrusted  with  the  work. 

The  surveys  and  explorations  now  complete  bring  out  the  following 
facts: 

First.  The  bottom  of  the  main  canyon  is  accessible  at  intervals  by 
ti'ails  leading  into  it  through  cross  canyons  or  rock  slides: 

Second.  The  bottom  of  the  main  canyon  is  covered  with  debris 
from  the  cliffs  above,  the  fragments  varying  in  size  from  pebbles  to 
enormous  bowlders  containing  200  cubic  yards  or  more.  Bed  rock  is 
nowhere  visible  in  the  floor  of  the  canyon,  but  the  whole  course  of 
the  stream  is  over  bowlder  beds. 

Third.  The  river  is  confined  at  the  bottom  of  the  canyon  to  a  chan- 
nel which  is  never  more  than  300  feet  wide  from  vertical  wall  to  ver- 
tical wall,  and  which  narrows  up  in  places  to  a  width  of  less  than  50 
feet.  Usually,  where  the  space  between  vertical  walls  is  more  than 
100  feet  the  stream  flows  against  the  rock  wall  on  one  side,  the  other 
side  being  occupied  by  a  talus  slope.  The  river  may  be  traversed  at 
low  water  by  working  back  and  forth  across  the  stream  from  talus 
slope  to  talus  slope.  A  boat  is  useful  only  for  crossing,  the  stretches 
of  water  where  a  boat  may  be  used  being  very  infrequent  and  very 
small. 

Fourth.  The  fall  of  the  river  amounts  to  800  feet  in  4  miles.  This 
fall  is  soniewhat  regularly  distributed,  considering  the  character  of 
the  stream.  Vertical  plunges  of  more  than  10  or  12  feet  are  rare,  the 
principal  rapid  being  at  Torrence  Falls,  where  a  drop  of  96  feet  is 
encountered  in  1,100  feet  of  horizontal  distance.  The  impression 
most  strongly  made  upon  the  observer  is  that  these  falls  or  rapids 
are  the  result  of  enormous  rock-falls  from  the  cliffs  above,  which  block 
the  channel.    In  the  course  of  time  the  pools  so  formed  silt  up  and 
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the  water  tumbling  over  the  lower  edges  of  the  bowlders  produces  the 
fall.  In  this  way  the  entire  bed  of  the  river  is  formed.  If  bed  rock 
be  anywhere  near  the  surface,  it  is  so  thoroughly  concealed  as  to  be 
nowhere  visible. 

Fifth.  It  is  possible  to  traverse  the  stream  only  at  low  water.  A. 
very  small  increase  in  the  flow  makes  crossing  impossible,  and  since 
the  torrent  flows  first  against  one  cliff  and  then  against  the  other,  any 
progress  along  the  stream  bed  is  out  of  the  question. 

The  information  now  in  the  hands  of  the  engineers  of  the  Geological 
Survey  has  been  derived  from  the  following  sources: 

First.  Messrs.  John  E.  Pelton,  of  Montrose,  Colo.,  and  J.  A.  Curtis, 
of  Delta,  Colo.,  conducted  a  party  of  five  into  the  canyon  in  1SK)0- 
This  party  started  from  Cimarron  and  traversed  the  canyon  for  about 
20  nailes.  At  a  point  just  above  the  dam  site  proposed  in  the  present 
work  they  abandoned  the  trip,  and  sought  a  trail  by  which  to  escape 
from  the  canyon.  They  found  a  side  gorge  by  which,  after  a  whole 
day  spent  in  arduous  climbing,  they  reached  the  rim  on  the  north  side. 
Here  they  found  themselves  in  an  arid  region  without  food  or  water, 
as  they  had  found  it  impossible  to  carry  anything  out  of  the  canyon. 
After  a  memorable  struggle  they  reached  some  ranches,  where  their 
wants  were  supplied.  This  party  carried  an  aneroid  barometer,  a 
pocket  compass,  and  a  surveyor's  chain.  Their  measurements  were 
only  approximate,  however,  so  the  work  can  not  be  ranked  as  a  survej^. 
They  started  in  with  two  boats,  both  of  which  were  lost  before  the 
trip  was  ended.  The  results  of  this  trip  were  valuable  mainl}^  in 
demonstrating  the  fact  that  the  canyon  was  not  totally  inaccessible. 

Second.  In  1901  Mr.  A.  L.  Fellows,  now  district  engineer,  U.  S. 
Geological  Survey,  Denver,  Colo.,  taking  a  single  companion,  Mr. 
William  W.  Torrencc,  who  had  been  a  member  of  the  Pelton  party, 
made  an  exploring  trip  from  Cimarron  to  Red  Rock  Canyon.  This 
trip,  made  imdcr  great  difliculty  and  involving  prodigious  labor  on 
the  part  of  the  explorers,  covered  practically  all  that  part  of  the  canyon 
not  traversed  by  the  Denver  and  Rio  Grande  Railway. 

Third.  Mr.  Fellows,  assisted  bv  Messrs.  W.  P.  Edwards  and  L.  E. 
Foster,  U.  S.  Geological  Survey,  with  two  rodmen,  ran  a  traverse 
and  level  line  from  Beaver  Camp  to  Red  Rock  Canyon.  This  was  the 
first  accurate  survey  made  in  the  canyon.  It  covered  about  4  miles. 
It  is  a  striking  comment  upon  the  ability  and  fidelity  of  the  men  who 
made  this  survey  that  all  the  subsequent  checks  which  have  l)een 
applied  to  this  line  have  failed  to  reveal  any  inaccuracy.  When  it  is 
remembered  that  this  lino  consisted  of  a  closed  circuit  carried  down 
a  gulch  dropping  2,000  feet  in  half  a  mile,  thence  down  the  river  and 
out  again  over  a  similar  gulch,  the  circuit  being  closed  at  the  top,  and 
that  twenty-seven  days  were  consumed  in  the  task,  some  appreciation 
of  the  difficulties  may  bo  had.     The  traverse  work  was  done  with  a 
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No.  1  C  Buflf  &  Iter^er  transit  and  a  500-foot  tape.  The  leveling  was 
done  with  a  15-inch  and  a  20-inch  Gurley  level,  with  Philadelphia  and 
New  York  rods.  A  folding  canoe  was  used  for  such  boating  as  was 
possible.  The  major  portion  of  the  distance,  however,  was  covered  on 
foot  by  climbing  steep  slopes,  scrambling  over  enormous  bowlders, 
and  wading  the  icy  stream,  all  the  while  carrying  heavy  packs  of  camp 
equipment  or  instruments.  During  the  trip  one  transit  was  lost  by 
the  overturning  of  the  float  on  which  it  was  being  taken  across  the 
stream. 

Fourth.  During  the  month  of  July,  1903,  the  topography  of  the 
canyon  above  and  below  the  dam  site  was  surveyed  by  parties  working 
under  the  immediate  supervision  of  the  writer.  This  work  made 
necessary  the  projection  into  the  canyon  of  the  main  triangulation 
controlling  the  valley  and  the  establishment  of  such  bases  as  were 
required  for  the  sketching  of  details.  The  assistants  on  the  work 
were  Joseph  A.  Sargent,  W.  P.  Edwards,  and  L.  E.  Foster,  assistant 
engineers,  U.  S.  Geological  Survey.  An  ordinary  transit,  reading  to 
twenty  seconds,  was  used  on  the  triangulation,  the  contours  being 
taken  by  plane-table  methods. 

An  inspection  of  the  detail  map  (p.  166)  will  show  that  the  river 
runs  through  a  narrow  cut  only  40  feet  wide  at  the  proposed  dam  site. 
For  the  location  of  controlling  works  the  topography  was  wanted  both 
upstream  and  downstream  from  this  point  for  a  distance  of  1,500  feet. 
Above  the  dam  site  talus  slopes  lie  alternately,  first  on  one  side  of  the 
stream  and  then  on  the  other,  but  so  cut  off  from  one  another  that  a 
person  standing  on  one  talus  slope  is  completely  isolated  from  any 
other  on  the  same  side  of  the  stream  unless  he  climbs  out  of  the  canyon 
and  descends  to  the  other  slope  from  the  rim.  This  is  sometimes  a  task 
equivalent  to  a  day's  work,  and  is  possible  at  all  only  in  those  few 
instances  where  a  rock  slide  leads  from  the  rim  of  the  canyon  down 
to  the  slope.  Slopes  on  the  north  side  of  the  canyon  could  be  reached 
from  slopes  on  the  south  side  only  by  making  a  detour  of  150  miles 
and  climbing  into  the  canyon  from  the  north  rim,  the  stage  of  the 
water  being  such  as  to  make  crossing  the  stream  on  floats  an  impossi- 
bility. 

In  this  survey  it  was  necessary  to  make  use  of  four  trails  leading 
into  the  canyon.  Trail  A  leads  into  the  canyon  below  the  dam  site 
from  the  south  rim.  It  was  discovered  by  Mr.  Fellows  in  1900.  From 
the  slopes  at  the  foot  of  this  trail  all  the  topography  below  the  dam 
site  was  taken.  Trail  B  is  a  trail,  discovered  on  July  4,  leading  into 
the  canyon  from  the  south  rim  about  1,000  feet  above  the  dam  site. 
This  trail  leads  on  to  the  main  talus  slope  above  the  dam  site  on  the 
south  side  of  the  river,  and  from  it  most  of  the  topography  above  the 
dam  site  was  sketched.  Trail  C  is  midway  between  trails  A  and  B  and 
leads  on  to  an  otherwise  inaccessible  talus  slope  or  gravel  bar  imme- 
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diately  above  tbp,  dam  site  designated  as  Fosters  Slide.  It  can  be 
reached  by  descending  trail  A  to  tbe  water's  edge,  going  iipHtream  to 
a  rift,  and  climbing  up  this  rift  for  al)out.  1,000  feet  of  vertical  distance 
until  the  shoulder  above  Fosters  Slide  is  reached.  From  there  the 
descent  to  the  slope  must  be  made  by  climbing  down  the  vertical  face  of 
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the  cliff,  the  final  3(M)  feet  l<eing  almost  iwi-itoiKliiular.  to  be  overcome 
by  the  aid  of  a  rope  anchored  at  tlie  top.  Trail  D  leads  on  to  the  main 
talus  slope  on  the  north  side  of  the  river.  Trails  A  and  B  are  not 
dangerous,  requiring  only  a  due  amount  of  hard  work  and  caution 
to  traverse  them.     Trail  (',  as  notod  before.,  is  a  difficult  trail,  and  can 
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be  passed  over  by  none  but  the  best  climbers,  men  strong  of  limb  and 
of  steady  nerves.  It  would  be  an  impossibility  to  carry  instruments 
into  the  canyon  over  this  trail.  Trail  I)  is  also  a  difficult  trail.  In 
many  places  it  must  be  traversed  with  extreme  caution.  Over  300 
feet  of  rope  was  left  in  this  trail  as  an  aid  in  scaling  the  vertical 
drops.  Throughout  almost  the  whole  length  an  incautious  step  may 
send  the  climber  rolling  over  precipices  to  certain  destruction,  or  a 
careless  move  ma}''  loosen  bowlders,  to  go  crashing  down  upon  the 
party  below. 

In  very  few  places  can  the  bottom  of  the  canyon  bo  seen  from  the 
rim  on  the  south  side,  and  triangulation  stations  were  therefore  estab- 
lished on  the  north  side  of  the  canyon.  From  these  north  side  stations 
it  was  found  possible  to  locate  signals  in  the  bottom  which  could  bo 
joined  into  the  main  triangulation  scheme.  Signals  09A  and  69H  are 
in  the  bottom  of  the  canyon  on  the  south  side  of  the  stream.  Signal 
69C  is  in  the  bottom  of  the  canyon  on  the  north  side  of  the  stream. 
Signals  72,  73,  and  74  are  on  the  north  rim  of  the  canyon.  All  other 
signals  are  on  the  south  rim  of  the  canyon.  The  triangulation  plan 
will  show  the  observ^ed  angles  and  the  computed  distances. 

In  sketching  contours,  stations  69C,  6911,  and  69A  were  located,  and 
from  these  a  secondary  sj'stem  of  triangles  was  laid  out  in  the  can3^on. 
Contours  in  inaccessible  places  were  then  located  by  means  of  inter- 
sections, in  accessible  places  by  means  of  direct  stadia  readings,  the 
work  being  plotted  on  the  plane-table  sheet  as  fast  as  taken.  This 
detailed  topography  is  on  a  scale  of  50  feet  to  an  inch,  with  a  contour 
intei'val  of  5  feet.  The  topograph}'  on  Foster's  Slide  was  taken  by 
transit  intersections  from  a  base  located  on  the  main  talus  slope  on 
the  north  side.  In  order  to  get  the  proper  points  on  the  slide  a  party 
was  sent  down  over  trail  C  to  set  signals.  Levels  were  carried  into 
the  canyon  on  the  Fellows  Traverse  by  leveling  down  trail  A  and  by 
vertical  angles. 

On  account  of  the  excessive  vertical  angles  and  the  somewhat  dan- 
gerous nature  of  the  work  it  was  feared  that  the  results  might  not  be 
so  accurate  as  would  be  desired.  The  topography  was  taken  on  three 
different  sheets,  and  when  the  sheets  were  assembled  a  most  gratifying 
agreement  was  found.  The  traverse  line,  the  triangulation,  and  the 
plane-table  work  checked  each  other  closely.  Triangulation  angles 
were  read  and  doubled,  direct  and  reverse,  the  vernier  reading  to  20 
seconds.  Instruments  were  not  shaded  from  the  sun.  The  largest 
error  of  closure  in  any  triangle  was  13  seconds.  The  levels  checked 
by  the  various  lines  within  0.15  foot.  Taking  into  account  the  short 
sights  and  the  extreme  vertical  angles  involved  these  results  are  con- 
sidered fairly  good.  From  stations  69II  and  69C  the  vertical  angles 
to  stations  on  the  rim  were  sometimes  as  great  as  70  degrees,  making 
the  use  of  diagonal  eyepieces  necessary. 
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COIiORADO   RIVER. 

By  J.  B.  LipPiNCX)TT. 

The  drainage  basin  of  Colorado  River,  2,000  miles  in  length,  con- 
tains 225,000  square  miles  above  Yuma,  and  includes  portions  of  five 
States  and  two  Territories.  In  area  it  is  one-fifth  that  of  the  Nile 
Basin,  and  second  in  size  among  the  rivers  of  arid  America,  the  Mis- 
souri being  first  and  the  Columbia  third.  The  upper  two-thirds  of  the 
basin  consists  of  high  plateaus  and  snow-C4ipped  mountains,  while  the 
lower  one-third  includes  the  Grand  Canyon  of  the  Colorado  and  desert 
regions. 

In  the  lower  course  of  the  river  there  u  a  series  of  cAnyon-like  XTtlleys 
from  5  to  1.5  miles  in  width,  which  annually  are  inundated  by  the  high 
water  of  the  sununer  floods.  The  grade  of  the  river  from  Nieedles  to 
Yuipa  is  1.4  feet  per  mile.  Below  Yuma  the  river  has  built  up  a  delta, 
and  by  its  great  deposits  of  silt  has  cut  off  a  northern  arm  of  the  Gulf 
of  California,  which  is  now  dry  land  below  the  sea  level,  and  is  known 
as  the  Salton  Sink. 

The  river  was  discovered  b}^  Alarcon,  a  Spanish  explorer,  in  154<>, 
who  sailed  up  the  stream  from  the  gulf  for  fifteen  days,  probably  reach- 
ing the  present  site  of  Ehrenberg,  Ariz.  The  first  Americans  who 
appeared  on  the  lower  Colorado  were  'ti'appers  in  1825,  and  the  first 
scientific  account  of  its  lower  courses  was  given  b\'  Maj.  J.  W.  Powell, 
in  18G9. 

WATER  SUPPLY. 

The  annual  variations  of  the  river  have  a  marked  constancy.  The 
spring  rise,  caused  by  the  melting  of  the  snow  in  the  high  northern 
mountains,  appears  in  the  lower  Colorado  about  March  15,  culminates  in 
June,  and  reaches  a  minimum  stage  in  midwinter,  when  the  northern 
portion  of  the  basin  is  largely  frozen  up.  The  river  thus  furnishes 
the  greater  flow  when  it  is  most  needed.  In  January  the  low -water 
flow  is  about  3,000  cubic  feet  per  second,  but  during  the  June  rise  the 
discharge  will  probabl}*^  average  about  40,000  cubic  feet  per  second. 
The  river  is  believed  to  have  been  alxjut  normal  during  1902,  the  esti- 
mated flow  being  7,960,000  acre-feet,  whereas  the  discharge  for  1903 
was  11,329,182  acre-feet,  these  being  the  only  two  years  of  complete 
record.  It  is  estimated  that  the  dutv  of  water  on  the  lower  Colorado 
is  1  second-foot  to  91  acres  in  July  and  1  second-foot  to  147  acres  in 
September,  though  it  is  claimed  that  larger  quantities  are  being  used. 
September  is  the  controlling  month  of  the  year,  as  the  supply  is  then 
low  and  the  duty  high.  The  total  depth  for  the  year  is  taken  at  5.5 
feet.  In  September,  1902,  with  the  above  duty,  there  would  have 
})een  sufficient  water  to  have  irrigated  561,000  acres. 

There  are  400,000  acres  of  irrigable  land  along  the  lower  Colorado 
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Valle}'  in  the  United  States,  requiring  a  continuous  supply  of  2,720 

second-feet  of  water  in  September.     In  addition  it  is  estimated  that 

there  is  as  much  more  irrigable  land  in  the  Salton  sink  or  Imperial 

country.     About  300,000  acres  of  the  valley  lands  are  above  Yuma  and 

seepage  water  returning  therefrom  will  be  available  for  the  Yuma  and 

Imperial  projects.     If  we  assume  50  per  cent  of  the  water  applied  as 

returning  in  a  continuous  flow  these  300,000  acres  would  yield  1,150 

square  feet  and  irrigate  in  September  lf>J>,0(X)  acres  in  addition  to  the 

501,000  acres  given  above,  or  730,000  acres  in  all.     The  seepage  basis 

in  the  short  canals  for  the  valleys  being  less  and  the  return  watere 

therefrom  l>eing  great  they  should  be  first  supplied.     On  this  basis 

there  would  be  available  for  the  lands  near  Imperial  water  for  330,000 

acres,  less  such  seepage  losses  as  may  occur,  which  may  be  a.s  great  as 

one-third  to  one-half.     This  indicates  an  urgent  necessity  for  storage, 

ultimately,  to  meet  the  late  summer  drouth.     This  water  will  not  have 

to  be  held  for  a  greater  period  than  one  hundred  days  subsequent  to 

the  June  floods.     The  amount  of  water  required  to  be  stored  in  order 

that  all  the  lands  ma}"  l)e  irrigated  will  be  about  500,000  acre-feet  for 

August  and  September  use^s. 

Two  storage  reservoir  sites  were  surveyed  by  the  reclamation  serv- 
ice during  last  season.  At  one  point  a  dam  75  feet  high  will  impound 
400,000  acre-feet  of  water.  At  another  a  dam  75  feet  high  will  store 
1,300,000  acre-feet,  making  1,700,000  acre-feet  for  the  two,  and,  if 
they  are  built,  all  the  irrigjible  lands  in  the  United  States  along  the 
Colorado  River  may  be  reclaimed.  Explorations  made  at  these  points 
to  date  indicate  that  the  bed-rock  conditions  are  not  satisfactorv. 
These  are  not  the  only  reservoir  sites  known  to  exist  along  the  Colo- 
rado. Other  sites  are  situated  higher  up  the  stream,  but  are  not  yet 
suiTeyed.  As  the  Colorado  River  carries  a  high  percentage  of  silt,  the 
life  of  these  reservoirs  would  not  be  long,  but  the  last-mentioned  site 
would  hold  all  the  silt  that  the  river  carries  in  forty  years.  These 
reservoirs  are  situated  where  the  valleys  are  broken  and  where  the 
land  is  not  well  adapted  to  agriculture. 

NAVIGATION. 

Prior  to  the  construction  of  railroads  to  the  lower  Coloitido,  the 
river  afforded  the  onlv  feasible  means  of  entrance  into  the  desert 
regions  of  southeastern  California  and  western  Arizona,  and  there- 
fore great  efforts  were  made  to  navigate  it.  Subsecjuently,  however, 
navigation  on  the  river  practically  ceased.  The  shifting,  shallow 
character  of  the  bed  of  the  stream  prevents  the  maintenance  of  a  per- 
manent channel,  particularly  during  perio<ls  of  high  water  and  when 
the  river  is  falling.  The  improvement  of  the  river  for  navigation 
has  been  considered  on  several  occasions  by  army  engineers,  and  has 
always  been  condemned. 
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CLIMATE. 

The  temperature  on  the  lower  Colorado  is  popularly  supposed  to 
be  almost  unendurable  in  summer  time,  but  our  best  authority  on  the 
climatic  conditions  of  the  arid  regions,  Prof.  Willis  L.  Moore,  Chief 
of  the  Weather  Bureau,  in  a  most  interesting  communication  which 
he  presented  at  the  fifth  annual  session  of  the  National  Irrigation  Con- 
gress, held  in  Phoenix;  in  1890,  demonstrates  that  as  far  as  the  effect 
of  summer  heat  on  the  human  system  is  concerned,  Yuma  is  more 
favorably  situated  than  Topeka,  Cincinnati,  Washington,  Baltimore, 
Philadelphia,  New  York,  or  localities  south  thereof.  He  reaches*  this 
conclusion  by  showing  that  the  true  effect  of  temperature  on  the  human 
system  is  measured  by  the  wet  bulb  rather  than  the  standard  ther- 
mometer, and  that  the  rapid  rate  of  evaporation  in  this  desert  region 
reduces,  by  cooling,  the  effect  of  heat  upon  the  bodies  of  animals. 
During  eight  months  of  the  year  this  desert  climate  is  very  pleasant. 
The  rainfall  at  Yuma  is  about  5  inches,  the  average  annual  tempera- 
ture with  dry  bulb  thermometer  is  72  degrees,  and  the  humidity  is 
43  per  cent. 

SILT. 

Prof.  R.  H.  Forbes,  of  the  Tucson  Experiment  Station,  Arizona,  is 
the  best  authority  on  the  character  and  value  of  the  silt  and  minerals 
in  the  waters  of  Colorado  River.  The  United  States  Geological  Sur- 
vey is  now  cooperating  with  him  in  these  observations.  He  finds  that 
the  silt  comes  from  the  lower  third  of  the  drainage  basin,  and  ranges 
from  62  part-s  per  100,000  in  January  to  374  parts  to  eju^h  100,000 
during  the  summer  floods.  The  maximum  amount  of  silt  occurs  in 
the  water  that  enters  the  river  after  the  summer  thunderstorms  of 
Arizona,  the  amount  reaching  2  per  cent  dry  weight. 

Professor  Forbes  estimates  that  with  a  duty  of  water  of  4  feet  in 
depth  annually  there  will  be  deposited  one-tenth  of  an  inch  of  solid 
soil  each  year,  and  that  in  one  year  the  river  discharges  enough  silt  to 
cover  53  square  miles  1  foot  deep.  The  fertilizing  values  in  the  sedi- 
ment are  largely  nitrogen,  estimated  to  l>e  worth  as  fertilizer  $1  per 
acre-foot  of  water.  The  soils  of  the  lower  Colorado  valleys  are  prac- 
tically all  composed  of  these  river  silts.  There  is  also  rolled  down 
along  the  bottom  of  the  river  a  continuous  procession  of  sand.  Con- 
sequently the  river,  in  shifting  its  channel  from  one  point  to  another, 
leaves  numerous  deposits  of  sand  throughout  the  finer  silts.  These 
sands  will  assist  in  draining  the  bottom  lands  when  they  are  irrigated 
in  the  future. 

There  is  about  one-third  as  nmch  silt  in  the  upper  stmtum  of  the 
water  of  the  flowing  river  as  in  the  lower,  indicating  that  diversions 
into  canals  should  be  by  a  skimming  process  from  the  surface  of  the 
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river,  aided  by  flushing  the  depositn  that  occur  in  basins  at  the  head 
of  the  canal.  The  silt  problem  is  a  difficult  one,  and  will  have  to  be 
met,  but  it  is  believed  that  it  should  result  in  a  benefit  rather  than  an 
injai*y.  The  slit  is  exceedingly  fine,  plastering  the  sides  of  the  canal 
as  smoothly  as  could  be  done  with  cement,  and  offering  as  little  resist- 
ance to  flow. 

SALT  CONTENT. 

The  amount  of  mineral  matter  held  in  solution  in  the  river  is  rela- 
tively high  in  the  low  stage  and  low  in  the  high  stage.  During  the 
winter  the  salt  will  rea<^^h  100  parts  in  100,000,  and  in  the  sununer 
flood  stage  32  parts  in  100,000.  At  no  time  does  the  river  contain  an 
excess  of  sodium  carbonate  (black  alkali),  but  it  does  contain  extensive 
quantities  of  calcium  sulphate,  which  is  beneficial  to  the  land,  and  a 
neutralizer  of  the  carbonates.  Both  the  sediment  in  suspension  and 
the  salts  in  solution  in  Colorado  River  are  pronounced  beneficial  for 
irrigating  purposes,  and  it  is  believed  that  they  will  relieve  alkaline 
conditions  rather  than  aggravate  them  in  lands  bordering  the  river. 

IRRIQABLB  LANDS. 

Along  Colorado  River  and  below  the  mesas  it  is  estimated  that  there 
are  Jt00,(X)0  acres  of  irrigable  lands.  There  are  at  present,  in  addition, 
approximately  500,000  acres  commanded  by  the  Imperial  Canal 
System,  making  within  the  United  States  at  least  900,000  acres  of 
land  that  may  be  reclaimed  by  this  great  river.  In  Egypt  there 
are  0,250,000  acres  of  irrigable  lands  in  the  valley  and  delta  of  the  Nile. 

CROP  VALUES. 

Under  the  Imperial  Canal,  which  covers  the  Salton  Sink  from  the 
lower  Colorado,  a  first  charge  of  $30  per  acre  is  made  for  a  water 
right,  and  an  additional  $2  per  acre  annually.  A  charge  of  at  least 
50  cents  per  acre  is  made  for  lands  under  the  canal  for  which  a  water 
right  has  been  purchased  in  case  the  water  is  not  used.  In  the  district 
below  Yuma  a  start  has  been  made  in  irrigating  some  of  the  river 
bottom  land,  which  yields  seven  crops  of  alfalfa  in  a  year,  averaging 
li  tons  per  acre  for  each  crop,  worth  annually  J50  per  acre.  With 
grain  it  is  customary  to  grow  a  crop  of  barley  during  the  spring 
months  and  follow  this  on  the  same  land  with  a  crop  of  maize  or  corn 
the  same  year.  Millet;  kaffir  corn,  and  alfalfa  are  particularly  suita- 
ble to  this  locality.  Stock  raising  is  probably  the  best  natural  method 
of  disposing  of  standard  crops.  Experiments  are  being  made  with 
cotton,  date  palms,  and  other  semitropical  crops.  On  the  mesa  lands 
the  soil  and  climatic  conditions  are  fitted  for  vegetable  and  fruit  grow- 
ing, including  citrus  varieties,  which  ripen  approximately  six  weeks 
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earlier  than  like  crops  on  the  coast  near  Los  Angeles.  It  is  ))elieved 
that  with  a  substantial  irrigating  system  these  lands  should  become 
worth  $100  an  acre  within  a  short  period  of  time. 

WORK  OF  RECLAMATION  SERVICE. 

The  first  irrigation  investigation  along  this  river  for  the  Govern- 
ment was  made  by  the  writer  in  the  winter  of  1901  and  1902,  and  sur- 
veys were  begun  with  vigor  in  the  fall  of  1902.  Mr.  E.  T.  Perkins  is 
engineer  in  immediate  charge.  Triangulation  and  precise  levels  have 
been  extended  from  the  Mexican  line  to  the  canyon,  a  distance  of  4<>0 
miles.  Topographic  maps  upon  the  scale  of  2  inches  to  the  mile  and 
with  a  10-foot  contour  interval  have  been  made  for  this  entire  distance. 
These  surveys  show  relative  elevations,  reservoir  sites,  irrigable  lands, 
and  overflow  conditions.  Diamond-core-drill  work  has  been  done  at 
four  of  the  reservoir  sites.  The  flow  of  the  river  has  been  measured 
continuously  at  Yuma,  and  records  have  been  kept  of  the  amounts 
diverted  by  canals.  Evaporation  has  been  observed,  and  silt  values 
have  been  determined. 

An  eflfort  has  been  made  to  study  this  river  as  a  whole  and  to  so  plan 
the  work  thereon  that  each  project  may  be  in  harmony  with  a  complete 
scheme  for  its  utilization.  The  public  lands  along  this  river  were 
withdrawn  upon  the  passage  of  the  reclamation  act,  pending  these  sur- 
veys, to  the  extent  of  3,000,000  acres.  There  have  also  been  withdrawn 
for  reservoir  sites  350,000  acres. 

CONDITIONS  IN  IDAHO. 

By  Governor  John  T.  Morrison,  of  Idaho. 

Idaho,  the  State  which  I  represent,  is  deeply  concerned  in  the  matter 
of  irrigation,  and  is  especially  interested  in  the  work  of  the  reclamation 
service.  1  realize  fully  the  importance  of  the  work  of  this  bureau  of 
the  Government,  and  shall,  as  far  as  possible,  cooperate  with  the  engi- 
neers of  the  service  engaged  upon  the  work  in  my  State.  To  that  end 
I  invite  a  greater  comity.  The  State  engineering  and  land  departments, 
in  the  discharge  of  their  respective  duties  under  our  laws,  are  daily 
confronted  with  problems  which  have  close  relationship  to  the  work  of 
the  Government.  Their  action,  in  many  instances,  should  be,  and  I 
am  sure  would  be,  guided  in  important  particulars  were  a  knowledge 
of  the  Government's  plans  available.  In  many  instances  to  act  with- 
out such  comity  will  lead  to  future  embarrassment  and  will  curtail  the 
useful  possibilities  of  the  bureau.  You  will  appreciate  that  Idaho  is  a 
new  State  and  that  there  arc  many  problems  coming  up  to  the  depart- 
ments for  original  settlement.  Very  many  of  these  are  related  to  the 
problem  of  irrigation. 
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1  realize  that  the  future  agricultural  development  of  a  very  large 

part  of  Idaho  depends  upon  the  development  of  irrigation  in  the  State 

and  that  with  these  matters  your  bureau  is  directly  concerned.    The 

aetion  which  your  bureau  may  or  may  not  take  in  connection  with  any 

particular  entei-prise,  looking  to  the  development  of  a  section  of  the 

State  from  an  irrigation  standpoint,  has  a  direct  bearing  and  influence 

upon  the  action  which  the  State  through  its  departments  may  or  may 

not  take  in  connection  with  enterprises  directly  related  to  yours.    We 

know  that  your  work  will  be  of  inestimable  value  to  the  State  and  are 

thei^efore  very  much  interested  in  its  progress.. 

The  reclaimable  area  in  Idaho  is,  I  believe,  larger  than  that  in  any 
other  State  in  the  arid  belt,  and  we  have  an  abundant  water  supply,  if 
properly  conserved,  to  meet  the  requirements.  I  believe  Idaho  is  the 
best  watered  State  iti  the  arid  belt.  The  field  is  a  most  inviting  one 
from  an  engineering  point  of  view,  and  I  am,  glad  to  congratulate  those 
who  are  employed  in  the  service  in  Idaho  upon  the  splendid  opportu- 
nities for  marked  achievement. 

There  is  one  point  which  I  would  emphasize.     We  need  the  help  of 
the  Government  in  those  sections  where  the  human  element  of  the 
problem  is  conspicuous.    That  is,  where  the  State  departments  meet 
with  embarrassment  and  where  the  greatest  good  can  be  accomplished. 
We  have  beautiful  valleys,  where  climate  and  soil  conspire  to  make 
ideal  homes  for  men.     Naturally  these  valleys  have  attracted  settle- 
ment, and«to  some  extent,  under  present  conditions,  the  population  is 
already  congested.     Large  investments  have  been  made  and  splendid 
properties  have  been  developed.     These  valleys  are  susceptible  of 
wider  cultivation,  and  the  promise  of  profit  is  most  inviting.     There 
is  one  drawback — the  available  water  supply  is  limited  in  comparison  to 
the  opportunities  for  its  use.     In  consequence  annoyance  and  friction 
has  arisen  in  some  communities,  and  our  courts  and  departments  of 
State  are  embari-assed  by  this.    This  is  where  we  need  help.    Reenforce 
our  water  supply  for  those  communities  where  homes  are  established 
and  property  interests  are  involved.     I  believe  this  to  be  more  important 
than  any  other  phase  of  the  work  under  consideration  by  your  bureau, 
and  certainly  the  interests  of  the  people  whose  property  rights  are 
involved  claim  attention  rather  than  new  enterprises  in  territory  not 
yet  settled.     I  do  not  doubt  the  splendid  opportunities  in  the  new  fields 
nor  discredit  the  investigations  being  made.     They  look  to  future 
development,  and  quite  properly.     I  ask  help  for  the  pioneer  who  is 
struggling  with  the  developed  problem  of  the  present. 

In  conclusion,  let  me  say  we  have  the  keenest  interest  in  3'our  work, 
and  look  with  ever- increasing  hope  upon  all  you  do.  I  invite  you  to 
Idaho,  and  assure  you  of  a  sincere  disposition  on  the  part  of  our  people 
to  cooperate  with  you.  I  thank  you  for  the  courtesy  extended  in  asking 
a  word  from  me. 
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INVESTIGATIONS  IN  IDAHO. 

By  D.  W.  Ross. 

Idaho  has  an  area  of  about  84,000  square  miles,  of  which  about  60 
per  cent,  or  35,000,000  acres,  the  southern  portion,  is  arid.  With 
the  exception  of  a  small  area  lying  in  the  Salt  Lake  Basin,  this?  arid 
portion  is  within  the  drainage  basin  of  Snake  River,  so  the  future  of 
agriculture  in  this  part  of  Idaho — in  fact,  the  future  of  the  State  itself— 
is  linked  with  the  possibility  of  irrigation  development  in  the  Snake 
River  Valley. 

The  area  drained  directly  by  this  stream  is  about  13,000  square  mile>. 
Several  large  areas  are  drained  by  streams  that  were  evidently  at  one 
time  tributaries  of  the  Snake,  but  the  courses  of  those  are  intercepted 
by  the  great  lava  flow,  which  fills  and  levels  up  the  vallcj'^  over  an  area 
of  nearly  12,000  square  miles.  All  of  the  run-off  that  is  not  used  for 
irrigation  in  the  upper  valley  of  these  streams  sinks  below  the  surface 
near  the  outer  edge  of  the  lava  fields,  disappearing  completely,  but 
reappears  again  in  the  form  of  great  springs  which  break  out  from 
the  sides  of  the  canyons  of  the  Snake  River  more  than  100  miles  below. 
Thousands  of  acres  of  this  vast  plain  have  a  most  fertile  soil  of  great 
depth,  and  could  be  easily  irrigated  if  water  could  be  brought  to  theai. 

Snake  River  rises  in  western  Wyoming,  and  flows  in  a  westerly 
direction  through  this  valley,  having  cut  its  channel  into  the  great  floor 
of  lava  to  a  depth  in  places  of  nearly  1,000  feet,  its  work  being  marked 
by  canyons  and  waterfalls,  all  on  the  most  magnificent  scale  imaginable. 
The  work  of  developing  the  agricultural  resources  of  this  valley  is  in 
some  places  extremely  simple,  in  others  very  difficult.  Up  to  the  pres- 
ent time  development  has  moved  along  lines  of  least  resistance,  but 
practically  all  has  been  accomplished  that  can  be  done  by  communities 
acting  through  the  methods  usually  employed,  and  everything  that 
can  be  safely  left  to  the  efforts  of  private  capital,  actuated  by  the  hopes 
of  large  profits,  has  also  been  done.  The  former  agenc}^  has  about 
reached  its  limits,  on  account  of  the  magnitude  of  the  undertakings 
themselves;  the  latter  for  the  reason  that  sound  public  policy  demands 
the  carrying  out  of  plans  broad  enough  to  provide  for  the  needs  of  va*st 
interests  in  addition  to,  but  widely  separated  from,  the  projects  directly 
involved,  in  order  that  serious  conflicts  between  communities  having 
interests  in  common  may  be  obviated,  and  the  endless  complications 
which  follow  in  the  wake  of  irrigation  extension  bj'  this  agency  may 
be  prevented.  So  the  chance  of  enlisting  the  assistance  of  the  Govern- 
ment in  the  work  of  further  development  of  this  State  comes  at  a  most 
opportune  time. 

The  largest  bodies  of  irrigable  public  lands  in  Idaho  are  situated  in 
the  eastern,  central,  and  western  portions  of  Snake  River  Valley. 
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The  redamation  of  these  lands  requires  sohitioii  of  serious  engineer- 
ing problems  involved  in  the  construction  of  the  necessary  works, 
l>esides  necessitating  the  almost  complete  control  of  the  discharge  of 
Snake  River  and  nearly  all  of  its  principal  tributaries.  The  area  of 
these  tracts  and  of  those  already  i)artly  reclaimed  is  so  large  that  the 
storage  facilities  of  this  great  drainage  system  will  bo  taxed  to  its 
limits,  while  the  consummation  of  all  the  plans  will  require  the  expend- 
iture of  many  millions  of  dollars. 

Investigations  made  with  a  view  to  the  reclamation  of  public  lands 
have  been  in  progress  under  the  provisions  of  the  reclamation  act  for 
more  than  a  year.  More  than  1,600  miles  of  preliminary  surveys  for 
canals  and  reservoirs  have  been  made  during  this  time,  and  work  is  now 
being  energetically  pushed  forward.  The  surveys  made  to-day  show 
the  entire  feasibility  of  reclaiming  about  600,000  acres  of  desert  land, 
400,000  of  which  are  public,  and  of  controlling  the  flood  discharge  of 
nearly  all  the  principal  streams  used  for  irrigation.  Estimates  of  the 
cost  of  constructing  the  necessary  works  are  being  prepared  as  rapidly 
as  possible  and  will  all  be  submitted  to  the  Department  before  the  close 
of  the  year. 

The  economic  benefits  that  may  result  from  the  reclamation  of  arid 
lands  depend  very  lafgely  upon  the  location  and  area  of  the  tracts 
to  be  reclaimed;  that  is,  whether  a  dense  population  will  some  day 
be  sustained  and  centers  of  wealth  and  influence  be  established,  or 
whether  scattered  and  sparsely  settled  and  small  communities  only 
will  result.  Idaho,  from  the  standpoint  of  an  arid  country,  is  remarka- 
bly fortunate  in  the  nature  of  her  irrigation  possibilities.  Practically 
all  the  reclaimable  land  is  situated  at  an  altitude  where  farming  is 
extremely  profitable  and  where  the  value  of  land,  based  upon  its 
products  alone,  is  already  very  high.  The  climatic  conditions,  the 
extreme  fertility  of  the  soil,  and  the  splendid  water  supply  promise  a 
dense  population  over  all  the  large  areas  to  l>c  reclaimed. 

The  upper  Snake  River  Valley  contains  more  than  700,000  acres  of 
irrigable  land,  more  than  240,000  of  which  has  been  reclaimed  since 
1890.  This  land  is  in  one  solid  body,  all  of  excellent  quality,  and  all 
easily  irrigable.  In  order  that  this  figure  may  not  appear  mean  and 
small  to  those  who,  during  the  past  few  years,  have  been  feasting 
their  imaginations  on  reclamation  projects  involving  nothing  less  than 
millions  of  acres  each,  I  will  state  that  the  area  mentioned  is  equal 
to  one-half  of  all  the  land  now  irrigated  in  the  State  of  California, 
to  nearly  one-half  the  amount  irrigated  in  Colorado,  and  more  than 
is  now  irrigated  in  any  of  the  other  States  and  Territories  except 
Montana.  The  Boise,  Payette,  and  Weiser  valleys,  contiguous  dis- 
tricts in  Idaho,  contain  over  450,000  acres  of  irrigable  land — a  larger 
area  than  is  now  irrigated  in  many  of  the  arid  States.  The  central 
portion  of  the  Snake  River  Valley  contains  about  400,000  acres  of 
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irri^ble  land  lying  practically  in  one  body,  and  there  are  other  large 
tracts  well  situated  that  are  full  of  promise  for  the  future  so  far  as 
population  and  wealth  are  concerned. 

In  this  brief  outline  of  the  conditions  surrounding  irrigation  in 
Idaho  and  of  the  work  which  is  being  done  for  its  extension  under  the 
provisions  of  the  reclamation  act,  it  is  not  possible  to  state  definitely 
the  amount  of  land  that  may  be  gained  for  agriculture  by  irrigation. 
On  a  conservative  estimate  it  is  very  great.  There  are  not,  however, 
15,000,000  acres  of  irrigable  land  in  the  Snake  River  Valley,  as  many 
of  our  citizens  are  in  the  habit  of  stating.  It  will  perhaps  never  be 
practicable  to  irrigate  more  than  3,000,000  acres,  as  the  amount  of 
water  available  will  not  supply  more  than  that  area.  But  there  are 
probably  more  large  bodies  of  first-class  irrigable  land  in  Idaho  than 
in  any  other  State  in  the  West,  and  when  it  is  all  reclaimed,  and  its 
great  resources  are  properly  developed,  there  is  no  reason  why  Idaho 
should  not,  in  a  very  few  years,  stand  in  the  first  rank  of  the  western 
States  in  population  and  wealth. 

lilMITS  OF  AN  IRRIGATION  PROJECT. 

By  D.  W.  Ross. 

ShaU  the  flood  or  low-water  discharge  of  a  stream  determine  the  capacity  of  a 
canal  and  limit  the  dimensions  of  an  irrigation  project? 

Nor m(d  d<tvelopment  of  irrigation.. — Like  all  undertakings  prompted 
by  selfish  interests,  irrigation  development  in  most  of  the  arid  States 
has  moved  along  lines  of  least  resistance.  The  pioneer  settlers,  who 
were  few  in  number,  usually  occupied  lands  along  the  first  bottoms  of 
streams,  and  diverted  the  water  for  irrigation,  in  many  cases  by  con- 
structing simple  brush  dams,  suflicient  to  raise  it  nearly  to  the  level 
of  their  lands,  to  which  it  was  usually  conducted  by  a  ditch  built  at 
trifling  cost.  Other  settlers,  who  followed,  reclaimed  small  tracts  by 
means  of  the  same  simple  works,  until  all  the  land  that  could  be 
reached  in  this  inexpensive  way  was  placed  under  cultivation. 

But  still  other  settlers  continued  to  arrive,  demanding  homes,  and 
willing  to  overcome  greater  obstacles  than  those  met  by  the  pioneers. 
Canals  were  constructed  that  led  the  waters  out  onto  the  lower  Ijench 
lands,  and  these  were  gmdually  enlarged  and  extended.  But  there 
still  remained,  in  many  cases,  the  broad  acres  of  the  upper  benches, 
to  reach  which  required  the  expenditure  of  vast  sums  of  money  to  pay 
for  })lasting  channels  through  solid  rock  or  constructing,  in  many 
places,  miles  of  expensive  flumes  along  steep  canj'on  walls.  The  indi- 
vidual, and  in  most  cases  the  community,  lacked  sufficient  strength  to 
overcome  these  or  other  natural  diffi(uilties  and,  as  a  result,  irrigation 
development  came  to  a  standstill  in  the  locality. 
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Questions  to  be  considered  by  the  engineers  of  the  Government, — While 
the  irrigation  development  already  acconiplinhed  by  individual  effort, 
especially  by  the  landowners,  really  furnished  the  foundation  of  civili- 
zation in  the  West,  it  is  the  execution  of  the  greater  projects — the 
ones  beyond  the  means  of  the  agencies  mentioned — that  is  regarded 
as  of  greatest  importance  to  the  community,  and  these  are  the  under- 
takings which  in  most  of  the  arid  States  and  Territories  the  Govern- 
ment is  expected  to  take  up  and  carry  to  completion.     It  is  the  prob- 
lems connected  with   these  enterprises  that   the  engineers  of  the 
reclamation  service  are  now  required  to  consider.     These  problems 
are  as  varied  in  nature  as  the  variable  combinations  of  the  physical 
features  of  the  enterprises  themselves,  ranging  from  the  adjudication 
of  the  rights  of  a  water  user  to  the  utilization  of  a  storage  site.     In 
fact,  the  legal  and  economic  questions  are  likely  to  be  much  more 
impoilant  in  many  cases  in  determining  the  feasibility  of  a  project  than 
are  the  engineering  problems.     In  no  case  would  it  be  safe  to  decide 
as  to  the  feasibility  of  any  undertaking  without  first  ascertaining  what 
relation  it  will  bear  when  completed  to  all  other  enterprises  of  a  like 
nature  in  the  locality. 

Practically  all  the  questions  which  have  to  be  considered  in  connec- 
tion with  undertakings  of  this  kind  are  raised  when  the  subject  of 
water  supply  is  considered,  and  two  of  these  questions — the  ones 
most  intimately  connected  with  all  others,  both  economic  and  engi- 
neering, namely,  the  capacity  of  the  canal  and  the  magnitude  of  the 
undertaking — form  the  subject  of  this  discussion. 

The  conditions  under  which  these  questions  will  be  considered  are 
the  average  conditions  existing  in  connection  with  many  of  the  projects 
now  under  consideration  by  the  Government,  especially  in  the  North- 
western States,  and  are  as  follows: 

(1)  A  stream  of  great  flood  flow;  (2)  an  area  of  desert  land  that  may 
be  put  under  canal  out  of  all  proportion  to  the  water  supply  available 
during  the  latter  part  of  the  irrigation  season;  and  (3)  storage  facili- 
ties, if  they  exist  at  all,  entirely  inadequate  for  the  pui'pose  of  control- 
ling the  natural  flow.  Under  such  conditions  the  question  is,  What 
other  factors  must  be  considered,  and  what  weight  shall  be  given  to 
each  in  fixing  the  capacity  of  the  canal?  Which  means,  in  the  end, 
fixing  the  limit  of  the  undertaking. 

CUmOfte  and  range  of  products. — Knowing  the  nature  of  the  avail- 
able water  supply,  we  should  next  consider  the  climate,  the  length  of 
the  growing  season,  the  kinds  of  crops  grown,  the  average  date  of 
harvest,  the  number  of  cuttings  of  hay  that  can  be  made  during  each 
season,  and  the  part  of  the  growing  season  in  which  occurs  the  flood 
discharge  of  the  stream  whose  waters  are  to  be  used.  It  happens  that 
the  flood  waters  of  the  streams  of  most  of  the  States  and  Territories 
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can  be  utilized  for  irrigation  during  some  period  of  the  growing 
season,  generally  at  the  beginning.  In  altitudes  so  high  that  but  one 
cutting  of  hay  can  be  gi'own,  this  flood  discharge  is  usuall}*  available 
during  the  maturing  of  both  hay  and  grain.  When  two  or  more  cut- 
tings can  be  made,  it  is  generally  available  for  the  first  and  second, 
and  for  the  irrigation  of  all  kinds  of  grain  crops,  but  may  not  be 
available  for  the  third  cutting  of  hay  nor  for  the  irrigation  of  a  large 
acreage  of  orchard  land. 

In  places  where  the  climatic  conditions  admit  of  but  one  cutting  of 
hay  the  problem  is  veiy  simple.  The  irrigating  season  would  begin 
early  and  be  short,  all  or  nearly  all  of  the  waters  being  used  during  a 
period  of  perhaps  sixty  days.  In  such  cases,  however,  water  must  be 
used  generously,  and  since  practically  all  the  land  would  require  irri- 
gation at  the  same  time,  the  capacity  of  the  canal  must  be  very  large. 
Assuming  that  the  area  of  irrigable  land  is  greater  than  the  stream 
can  serve,  the  average  discharge  of  the  stream  during  the  period  men- 
tioned— provided  it  is  regular  in  its  habits — is  the  volume  that  should 
be  diverted,  and  this  factor  will  fix  the  limits  of  the  undertaking,  both 
as  to  the  size  of  the  canals  and  the  area  to  be  reclaimed.  The  exact 
capacity  of  the  canal  will  depend  upon  the  average  depth  of  water 
required  each  day  on  the  land  to  be  reclaimed  during  the  period  of 
greatest  use. 

Yalxie  of  flood  water, — When  two  or  more  cuttings  of  hay  can  be 
made  from  the  land,  and  when  there  is  a  great  disproportion  between 
high  and  low  water,  both  stages  occurring  during  the  growing  season, 
and  when  the  stoi^age  facilities  are  entirely  inadequate  the  question 
becomes  complex.  A  water  right  in  most  cases  is  understood  to  be 
the  right  to  use  water  during  the  entire  growing  season  of  crops,  and 
land  values  will  be  found  to  be  based  upon  this  kind  of  a  right.  The 
question  to  be  decided  in  fixing  the  capacity  of  the  canal  under  such 
conditions  is,  in  reality,  What  kind  of  a  water  right  shall  be  given  to 
the  land?  Shall  it  be  given  a  "full  season's  right"  or  shall  it  be  a 
"flood  right''?  which  means:  Shall  we  limit  the  area  of  land  to  be 
developed  to  the  unused  portion  of  the  low- water  discharge  of  the 
stream  or  shall  it  bear  a  certain  relation  to  the  flood  discharge? 

A  great  many  people  have  an  idea  that  by  some  means  or  other  the 
Government  will  be  able  to  increase  the  water  supply;  and  that  they 
may  settle  any  lands  under  irrigation  with  the  certainty  of  being  sup- 
plied. It  is  contended,  therefore,  that  it  is  not  good  policy  to  invite 
settlement  unless  the  water  is  adequate  throughout  the  entii'e  irrigating 
season;  in  other  words,  it  is  contended  that  no  more  land  should  be 
put  under  canal  than  can  be  supplied  during  the  entire  season.  This 
sounds  ver3"  safe  and  conservative,  but  I  do  not  believe  it  is  a  broad 
view  to  take  of  the  possibilities  of  irrigation  under  the  reclamation 
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act.  The  question  to  be  considered  is,  not  what  is  the  most  conserva- 
tive plan  for  to-day,  but  what  policy  will  lead  to  the  development  of 
each  locality  to  the  full  extent  of  its  possibilities.  In  undertakings 
proposed  to  be  carried  out  by  the  Government  the  line  of  least  resist- 
ance will  not  be  found  in  the  '^ conservative"  plan  referred  to,  but 
will  be  found  in  the  scheme  that  is  so  broad  and  comprehensive  that 
future  generations  will  not  think  of  supplementing  it. 

One  important  factor  in  determining  the  limit  to  be  placed  on  the 
magnitude  of  undertakings  of  this  kind  is  the  value  of  the  land  after 
it  has  been  put  under  irrigation.  Will  the  land,  after  its  irrigation, 
be  worth  the  expense  of  its  reclamation  ?  The  consideration  of  this 
question  leads  us  to  inquire  as  to  the  kinds  and  quantity  of  crops  that 
can  be  produced  on  the  land  during  the  different  periods  of  the  grow- 
ing season,  and  finally  resolves  itself  into  a  question  relating  to  the 
value  of  the  crops  produced  rather  than  to  the  length  of  the  irrigat- 
ing season. 

If  the  value  of  the  crops  that  can  be  produced  by  early  irrigation, 
for  example,  the  first  and  second  cuttings  of  hay,  or  a  crop  of  grain, 
gives  a  value  to  the  land  gi'eater  than  the  cost  of  its  reclamation,  the 
project  should  be  regarded  as  feasible,  though  other  lands  in  the  same 
locality  may  happen  to  have  a  water  right  which  makes  possible  three 
or  four  cuttings  of  hay  or  renders  the  adjacent  highways  impassable 
by  mud  during  the  month  of  August. 

If  we  must  decide  as  to  the  capacity  of  a  canal  under  the  conditions 
stated,  and  have  nothing  more  on  which  to  base  our  judgment  than  the 
fact  that  with  certain  climatic  conditions  we  would  be  enabled  to 
mature  by  a  certain  date  a  full  crop  of  grain  and  one  or  two  crops  of 
hay,  the  magnitude  of  the  project  would  be  measured  by  the  supply 
of  water  that  would  be  available  up  to  the  last  irrigation  of  such 
crops,  and  no  attention  whatever  need  be  paid  to  the  available 
supply  of  late  water.  For  example,  if  the  climatic  conditions  ren- 
der it  possible  to  make  four  cuttings  of  hay  during  the  season  on 
lands  irrigated  from  a  certain  stream  (the  first  and  second  cuttings  as 
well  as  the  harvesting  of  grain  occurring  before  August  15)  then,  if 
the  mean  flow  of  the  stream  up  to  July  20,  say,  is  2,000  second-feet 
and  the  available  supply  during  the  months  of  August  and  September 
is  500  second- feet,  the  computation  of  possibilities  of  land  reclamation 
from  this  stream  should  be  based  upon  the  former  and  not  the  latter 
amount,  and  the  capacity  of  the  canal  in  this  case  should  be  2,000 
second-feet,  the  number  of  acres  to  be  irrigated  being  determined  by 
the  average  quantity  of  water  required  by  each  acre  during  the  period 
when  most  water  is  needed.  If  it  is  found  that  it  will  be  necessary  to 
apply  water  to  an  average  depth  of  1  foot  during  a  period  of  thirty 
days  over  all  the  land  to  be  irrigated  the  canal  should  have  a  capacity 
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of  1  second-foot  for  each  60  acres.  The  water  supj)ly  would  then  be 
sufficient  for  the  irrigation  of  120,000  acres  and  the  project  should, 
under  these  conditions,  be  limited  to  that  acreage. 

Value  of  lavj-wat^*  mijrply  hased  upon  the  utilization  of  the  jlottd 
waters, — Making  use  of  the  foregoing  example  we  will  inquire  into 
the  efficiency  of  the  late  water,  or  the  supply  of  500  second-feet  availa- 
ble for  use  during  August  and  September.     Of  this  tract  of  120,00(> 
acres  fully  30  per  cent,  under  the  conditions  referred  to,  would  be  cul- 
tivated to  grain;  about  50  per  cent  to  meadow,  and  the  i-emainder,  ^> 
per  cent,  would  be  planted  to  orchards  and  gardens.     The  grain  land, 
or  30  per  cent  of  the  total  area,  would  not  require  irrigation  after,  say? 
July  20,  which  would  leave  70  per  cent,  or  84,000  acres,  to  be  pro- 
vided for  during  August  and  September.     With  a  canal  of  generous 
capacity,  such  as  has  been  provided,  the  entire  acreage  could  be  thor- 
oughly irrigated,  and  would  be  in  the  best  possible  condition  at  the 
beginning  of  the  dry  season.     In  fact,  the  most  favorable  conditions 
imaginable  would  exist  for  giving  the  small  supply  of  500  second-feet 
a  high  duty.     This  small  supply  would  be  prorated  among  the  irri- 
gators, each  landowner  having  25  per  cent  of  his  flood  head,  which 
must  now  do  for  the  irrigation  of  70  per  cent  of  his  land,  or  a  duty 
of  about  170  acres  must  be  given  for  each  second-foot.     This  extreme 
duty  would  probably  not  be  attained  in  all  cases,  but  if  the  land  and 
crops  were  in  good  condition  at  the  beginning  of  the  dry  season  and 
every  landowner  had  the  same  interests  at  stake  there  is  no  doubt  that 
a  very  high  duty  could  be  reached  in  a  few  years'  time,  and  that  finally 
every  acre  of  the  70  per  cent  would  be  producing  a  full  crop  up  to  the 
end  of  the  growing  season. 

Results  follmoing  the  use  of  low  water  alone, — Now,  what  would  be 
the  results  following  a  more  ''conservative"  plan,  one  in  which  the 
area  to  be  developed  is  based  on  the  supply  of  500  second-feet  avail- 
able during  the  low  stage  of  the  stream  'i  Under  this  plan  the  area  to 
be  developed  would  probably  not  exceed  50,000  acres,  which  would 
require  a  canal  having  a  capacity  of  1  second-foot  for,  say,  each  100 
acres  of  land.  With  this  small  capacit}''  per  acre,  if  the  principal  crops 
were  hay  and  grain,  the  greatest  economy  would  have  to  be  practiced 
from  the  very  beginning  of  the  irrigation  season,  and  it  is  not  likely 
that  during  the  period  of  greatest  use  enough  water  could  be  delivered 
to  insure  the  best  results.  It  is  extremely  doubtful  whether  the  aver- 
age yield  per  acre  would  be  as  great  as  if  a  ciinal  with  greater  capacity 
had  been  provided.  Indeed,  it  is  doubtful  whether  the  results  of  a 
full  season's  irrigation  under  these  conditions  would  be  as  profitable, 
acre  for  acre,  as  those  obtained  by  early  irrigation  alone  under  the 
plan  first  considered.  One  thing  is  quite  certain,  neither  the  soil  nor 
crops  would  be  in  as  good  condition  at  the  beginning  of  the  dry  season. 
The  temptation  under  this  plan  is  to  arbitrarily  fix  the  duty  of  water 
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l>j  limiting  the  size  of  the  canal.  The  effect  of  this  plan  is  usually  just 
t:.he  opposite  of  what  is  expected.  I  have  never  known  nor  heard  of  a 
oanal  with  a  capacity  too  great,  but  hundreds  of  them  have  been  built 
tx>o  small  for  the  lands  dependent  upon  them.  Nothing  is  more  exas- 
'perating  to  the  irrigator  than  to  be  restricted  in  the  use  of  water  at  a 
xime  when  oceans  of  it  is  wasting  down  a  stream  from  which  his  canal 
is  diverted.  If  the  mistake  is  his  own,  he  remedies  the  defect  by 
enlarging  his  ditch.  If  the  canal  belongs  to  a  company,  he  has  been 
known  to  construct  one  of  his  own  according  to  his  own  ideas. 

Conclusion — In  conclusion,  a  word  might  be  said  regarding  the 
breadth  or  comprehensiveness  of  these  plans.  The  difference  between 
the  two  plans  outlined  is  this:  The  first  provides  for  the  irrigation  of 
the  maximum  acreage  upon  which  it  is  possible  to  produce  one  full 
crop  each  and  every  season,  which  is  more  than  can  be  counted  on  for 
a  certainty  on  90  per  cent  of  the  agricultural  land  of  the  United 
States.  We  pro\nde  a  canal  with  large  capacity  for  the  irrigation  of 
this  land,  because  the  irrigation  season  will  be  short  and  every  acre 
must  be  supplied  during  this  period.  This  provision  insures  the 
largest  possible  returns  from  grain  crops  and  the  first  cutting  of  hay, 
and  produces  a  favorable  condition  of  soil  at  the  approach  of  the  dry 
season,  thus  minimizing  the  possibility  of  loss  during  that  period. 
The  same  quantity  of  water  will  be  available  during  the  latter  part  of 
the  season  under  this  plan  as  imder  the  other,  but  all  the  land  will  be 
in  first-class  condition  at  the  beginning  of  the  period  of  low  water  and 
the  highest  possible  duty  of  water  can  be  attained;  which  means  that 
while  more  than  double  the  area  will  be  irrigated  during  the  early 
part  of  the  season,  a  much  greater  area  will  be  served  during  the 
period  of  low  water.  The  first  plan  is  the  plan  for  all  time.  All  will 
have  been  accomplished  that  will  ever  be  possible  under  the  natural 
conditions  which  exist  and  which  can  not  be  changed. 

Under  the  second  plan  we  dedicate  the  use  of  the  low- water  supply 
to  a  limited  area,  just  as  the  early  settlers  have  done  in  every  valley 
throughout  the  West.  This  will  become  a  vested  right,  and  the  use 
of  this  limited  supply  of  water  will  not,  as  a  result,  be  extended  to 
other  lands.  It  is  true  these  lands  will  have  a  '*  first-class  water 
right,"  but  a  much  larger  area  under  the  first  plan  would  have  as 
good  a  right  with  as  much  more  in  addition  thereto  rescued  from  the 
desert,  capable  of  producing  one  full  crop  every  season,  an  area  which 
under  the  last  plan  would  likely  be  condemned  to  everlasting  sterility. 
One  good  crop  a  j^ear  is  far  more  than  the  average  returns  from  the 
labor  of  the  agriculturist,  taking  the  world  over.  This,  in  my  opinion, 
would  be  a  very  conservative  basis  upon  which  to  estimate  the  possi- 
bilities of  a  reclamation  project  and  should  fix  the  limits  of  our  plans 
and  expectations.  With  these  limits  fixed,  the  flood  waters  should 
be  utilized  first,  and  upon  the  wealth  thus  created  we  should  levy 


182  FIRST   RECLAMATION   SERVICE    CONFERENCE.  [no.91 

for  the  construction  of  storage  works,  if  the  proper  facilities  exist 
If  such  facilities  do  not  exist,  then  we  shall  have  fully  utilized  the 
resources  at  hand  and  left  no  complications  or  problems  to  be  solved 
by  the  next  generation. 

INVESTIGATIONS  IN  MONTANA. 

By  Cyrus  C.  Babb. 

MILK  RIVER  projects. 
NATURAL   CONDITIONS. 

In  the  northern  part  of  Montana,  close  to  the  international  bound- 
ary, is  a  section  of  mountainous  country  unsurpassed  for  its  scenic 
beauties.  Here  are  peaks  covered  with  snow  the  year  round,  and  a 
little  lower  down  there  are  glaciers,  the  largest  in  the  United  States. 
Numerous  streams,  receiving  a  plenteous  supply  from  the  heavy 
winter  snowfall  in  this  basin,  descend  the  slopes  of  these  mountains 
and  their  waters  are  collected  in  St.  Mary  Lakes,  which  are  drained 
northward  by  the  river  of  the  same  name  into  the  Saskatchewan,  and 
are  finally  lost  in  Hudson  Bay. 

Milk  Jiiver,  heading  in  the  low,  rolling  country  lying  immediately 
east  of  this  basin,  runs  in  a  general  northeasterly  direction,  the  prin- 
cipal branches,  North  Fork  and  South  Fork,  uniting  after  crossing 
the  Canadian  line.  The  stream  thus  formed  flows  eastward  for  150 
miles  or  more,  when  it  bends  southward  and  again  enters  Montana, 
finally  emptying  into  Missouri  River.  The  broad  Milk  River  Valley 
in  Montana  consists  of  gently  rolling  country,  well  adapted  to  irriga- 
tion. The  water  supply  from  Milk  River,  however,  is  deficient,  owing 
to  lack  of  high  mountain  catchment  area  at  its  head. 

The  Milk  River  or  St.  Mary  project  is  designed  to  store  flood  water 
in  the  St.  Mary  Lakes  and  conduct  it  eastward  by  a  canal  cutting 
through  gravelly  ridges  to  the  head  of  Milk  River,  so  as  to  connect 
a  mountain  catchment  area  with  that  stream. 

In  1900  a  reconnaissance  of  the  St.  Mary  country  was  made,  and  has 
been  followed,  during  the  last  three  yeai^s,  by  more  detailed  survey's. 
The  investigation  has  brought  out  four  projects  for  consideration: 

1.  Carry  water  from  the  St.  Mary  Lakes  to  the  North  or  South  Fork 
of  Milk  River,  and  allow  it  to  run  through  Canada  to  the  lower  Milk 
River  Valley  in  Montana. 

2.  Carry  the  St.  Mary  Lakes  water  in  a  long  canal  across  country, 
keeping  it  in  the  United  States  for  the  entire  distance,  to  Sage  Creek, 
a  tributary  of  lower  Milk  River. 

3.  Make  the  project  a  more  local  one;  that  is,  irrigate  the  lands  ol 
the  eastern  portion  of  the  Blackfoot  Indian  Reservation  and  those 
immediately  adjacent  eastward. 
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-4.  Carry  water  from  St.  Maiy  Lakes  across  both  the  North  and 
•South  Fork  of  Milk  River  to  Cutbank  Creek,  down  which  it  will  flow 
50  miles  or  more  to  Marias  River,  and  then  divert  the  latter  and 

rry  water  in  an  artificial  channel  again  to  Big  Sandy  Creek,  a  tribu- 
tary of  lower  Milk  River. 

DESCEIPnON  OF   WORKS. 

Under  the  first  project,  it  is  proposed  to  build  a  low  earthen  storage 
dam  at  a  point  about  three-fourths  of  a  mile  below  the  present  out- 
let of  lower  St.  Mary  Lake.  This  dam  will  have  a  maximum  elevation 
of  55  feet  above  the  bottom  of  the  river,  and  will  form  a  reservoir 
having  a  capacity  of  250,000  acre- feet. 

During  the  year  1902  an  examination  was  made  at  the  dam  site  to 
determine  the  depth  at  bed  rock  and  the  character  of  the  rock.  Sand- 
stone rock  outcrops  at  the  surface  at  the  eastern  end  of  the  dam, 
IV hence  it  drops  rapidly  to  138  feet  below  the  surface  at  1,600  feet  from 
the  eastern  end.  Borings  this  year  show  a  depth  of  187  feet  at  one 
point. 

The  top  of  the  earthen  dam  will  be  at  an  elevation  of  4,513  feet 
above  sea  level;  the  total  length  of  the  eai*th  embankment  will  be 
2,650  feet;  both  inner  and  outer  slopes  will  be-3  to  1.  It  is  the  inten- 
tion to  use  the  hvdraulic-fiU  method  of  dam  construction.  Most  of 
the  material  will  come  from  the  hill  west  of  the  dam,  as  the  water  to 
wash  it  down  can  be  easily  obtained  from  Swiftcurrent  Creek  by 
means  of  a  short  diversion  canal.  A  concrete-core  wall  will  extend 
from  the  east  abutment  of  the  dam  across  the  river  for  a  distance  of 
475  feet,  where  the  present  depth  of  bed  rock  below  the  surface  of 
the  ground  is  33  feet.  From  this  point  to  the  western  end  of  the  dam 
a  puddle  trench  will  be  first  excavated  and  sheet  piling  driven  as  far 
as  practicable.  This  trench  will  then  be  filled  with  selected  material 
by  the  hydraulic  method,  and  the  earth  to  form  the  remainder  of  the 
dam  will  be  deposited  on  both  sides.  The  lower  toe  of  the  dam  will 
be  of  riprap  in  order  to  prevent  the  sliding  of  the  material  due  to  any 
percolation  of  water  under  the  dam.  The  upper  face  will  be  rip- 
rapped  as  a  protection  against  wave  action. 

From  the  reservoir  thus  formed  water  will  be  diverted  through  an 
open  cut  in  rock  around  the  eastern  end  of  the  dam.  The  head  gates 
of  the  reservoir  outlet  will  be  located  opposite  the  end  of  the  dam  and 
connected  with  the  concrete  core  wall.  These  head  gates  consist  of  a 
curved  wall  of  30  feet  radius  placed  on  four  concrete  piers.  In  this 
wall  there  will  be  two  series  of  circular  openings;  an  upper  series, 
consisting  of  three  openings  20  feet  below  the  top,  and  a  lower  series, 
consisting  of  four  openings  30  feet  below  the  top,  each  opening  being 
4  feet  in  diameter.    There  will  be  five  additional  openings,  each  5  feet 
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wide  by  0  feet  high,  at  the  bottom  or  between  the  piers.  Water  pass- 
ing through  all  the  openings  will  be  controlled  by  cast-iron  sluice  gates 
operated  by  proper  gearing. 

In  the  canal,  850  feet  beyond  these  reservoir  gates,  there  is  to  be  a 
concrete  spillway  for  discharging  the  waste  water  back  into  the  river 
by  suitable  regulating  gates. 

DESCRIPTION   or  CANAL. 

The  canal  proper  will  begin  immediately  below  the  head-gates.  The 
grade  was  assimied  at  two  one-hundred ths  of  1  per  cent,  or  a  fall  of  1.056 
feet  to  the  mile.  It  is  proposed  to  make  the  lx)ttom  width  30  feet, 
with  a  10-foot  depth  of  water,  and  with  side  slopes  of  1  to  1.  It  is 
assumed  that  in  a  canal  of  these  dimensions  the  mean  discharge  at  the 
head  will  be  1,360  second-feet.  From  the  dam  the  canal  will  continue 
down  the  east  bank  of  the  river  for  a  distance  of  7  miles,  then  turn 
eastward  and  pass  through  a  gap  known  as  Spider  Lake  Gap. 
Thence  it  will  continue  in  a  general  northeasterly  direction  for  a  dis- 
tance of  27.4  miles,  or  to  the  North  Fork  of  Milk  River.  The  last 
step  in  the  construction  of  the  canal  to  reach  the  North  Fork  of  Milk 
River  will  be  the  dropping  of  the  water  180  feet  to  the  level  of  the 
creek. 

The  following  table  gives  the  estimated  cost  of  construction  of  this 
portion  of  the  line,  the  water  to  be  dropped  into  the  North  Fork  as 
described: 

Cost  of  St,  Mary  dam  and  canal  from  head  to  North  Fork, 

Earthen  dam,  outlet  canal,  and  head-gates f250, 000 

Head  to  Spider  Lake 245,100 

Spider  Lake  to  drop  at  North  Fork  of  Milk  River ^8,400 

Drop  at  North  Foik 16,040 

Two  sets  of  waste  gates  on  line 4, 000 

Engineering  and  contingencies 120, 530 

Total 924,070 

LOWER   MILK   RIVER. 

Milk  River  crosses  the  international  boundary,  flows  for  about  150 
miles  in  Canada,  and  comes  back  into  the  United  States  at  an  elevation 
of  2,680  feet.  It  continues  in  a  southeasterly  direction  for  about  60 
miles,  whence  it  bends  eastward,  which  general  course  it  holds  to 
a})out  Hinsdale,  where  it  again  bends  southward  until  it  reaches  the 
Missouri.  At  Havre  the  elevation  of  the  river  is  2,467  feet,  showing 
a  fall  from  the  international  line  of  213  feet  in  the  distance  of  60miles, 
or  a  fall  of  3.Y  feet  to  the  mile.  This  portion  of  the  stream  is  in  a 
deep  valley,  i-anging  from  1  to  2  miles  in  width,  with  bluflfs  on  either 
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Hide  about  200  feet  high,  A  canal  taken  out  at  the  international 
l>oundary  at  the  grade  of  the  river  would  continue  down  for  about  60 
iniles  until  Havre  was  reached,  and  then  would  not  be  out  of  the 
l>luflfs.  Throughout  nearly  all  of  this  distance  it  would  be  carried 
a.long  sidehill,  and  in  view  of  this  fact  and  the  great  length  of  the 
ea.nal  the  proposition  is  hardly  feasible.  Ten  iniles  below  Havre  the 
valley  widens  and  here  the  first  diversion  of  Milk  River  can  be  accom- 
plished. 

At  the  present  time  (1903)  a  survey  is  being  made  for  a  canal  heading 
at  Yantic,  on  the  north  side  of  the  river,  and  continuing  downstream 
for  60  miles.  This  will  cover  about  50,000  acres,  a  portion  of  which  is 
at  present  irrigated  from  private  ditches  taken  from  Milk  River.  This 
eanal  will  t)e  a  later  development  of  the  one  described  below,  and  no 
estimates  of  cost  have  yet  been  made. 

MALTA  PROJECT. 

The  original  plans  for  the  St.  Mary  Canal,  made  at  the  end  of  the 
field  season  of  1901,  contemplated  a  system  of  storage  in  the  lower 
]VIilk  River  Valley,  and  investigations  were  made  here  in  1902  with 
this  object  in  view. 

Eight  miles  east  of  Malta  there  is  an  alkaline  body  of  water,  known 
as  Liake  Bowdoin,  having  an  area  of  6.8  square  miles.  The  lake  lies 
in  a  depression  that  is  surrounded  by  hills.  A  survey  was  made  here 
with  the  idea  of  using  the  lake  site  as  a  possible  reservoir.  The  plan 
contemplates  a  diversion  of  Milk  River  from  its  south  side  at  a  point  23 
miles  aboye  Malta,  whence  the  water  will  be  carried  to  the  reservoir. 

The  feed  canal  will  be  34  miles  long  and  is  estimated  to  carry  2,000 
second-feet  of  water.  It  will  have  a  bottom  width  of  60  feet,  a  depth 
of  12  feet,  a  slope  of  1.5  to  1,  and  a  grade  of  0.0001,  or  about  6  inches 
to  the  mile. 

Between  Malta  and  the  reservoir  there  is  a  divide  50  feet  above  the 
lake.  At  this  point  a  drop  of  25  feet  is  made  to  the  top  surface  of  the 
reservoir,  as  only  25  feet  of  water  is  to  be  stored,  but  from  this  drop 
a  high-line  lateral  will  be  carried  southward  around  Beaver  Creek, 
and  irrigation  lands  in  the  valley  of  this  stream. 

For  a  storage  depth  of  25  feet,  the  capacity  of  the  reservoir  will  be 
298,900  acre-feet,  and  the  surface  area  will  be  15,000  acres. 

In  order  to  create  Lake  Bowdoin  reservoir,  it  will  be  necessary  to 
build  a  series  of  earth  embankments  across  various  gaps — eight  in  all. 
The  total  length  will  be  19,050  feet  and  the  total  quantity  of  excav^a- 
tion  Mdll  be  599,961  cubic  yards.  The  top  width  of  the  canal  will  be  10 
feet,  the  slope  on  water  face  will  be  2.5  to  1,  and  on  lower  face  2  to 
1.  Water  will  be  drawn  from  this  reservoir  and  served  to  the  lands 
lying  eastward,  both  north  and  south  of  the  river. 
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Engineering  surveys  are  being  prosecuted  and  will  be  practicallj 
completed  on  this  project  this  season.  Topographical  surveys  are  also 
being  made  on  two  di£ferent  scales,  one  the  regular  field  scale  of  the 
survey,  that  is  1 :  45,000  or  1  inch  to  3,760  feet,  and  a  larger  one,  1 
inch  to  2,000  feet,  that  will  show  all  the  agricultural  lands  that  can 
be  covered  by  the  project,  which  is  now  estimated  at  260,000  acres. 

CONSTRUCTION  IN  NEVADA. 

By  L.  H.  Taylor. 

In  Nevada  the  work  of  the  reclamation  law  has  advanced  to  a  point 
where  construction  has  already  been  begun.  The  preliminary  work  bss 
been  described  in  the  First  Annual  Report  of  the  Reclamation  Service, 
so  that  it  is  unnecessary  to  go  into  details  in  this  matter.  It  is,  how- 
ever, of  interest  to  all  to  know  the  conditions  under  which  the  work  is 
being  done,  and  for  this  reason  special  attention  is  called  to  the  speci- 
fications and  bids  for  construction  of  the  Truckee  canal,  taking  water 
from  Truckee  River  to  the  lower  Carson  reservoir  site. 

There  is  presented  here  a  copy  of  the  original  advertisement,  the 
specifications,  abstract  of  the  bids,  and  copy  of  the  agreement  made 
with  one  of  the  firms  of  contractors.  The  work  was  advertised  in 
three  divisions,  the  successful  bidders  for  the  first  and  second  divisions 
being  C.  A.  Warren  &  Co.,  and  for  the  third  division  the  E.  B.  & 
A.  L.  Stone  Company. 

ADVERTISEMENT. 

Departmekt  of  the  Interior, 
WashmgUm,  D,  C,  May  Jo,  190S. 
Sealed  proposals  will  be  received  at  this  Department  until  2  o'clock  p.  m.  July  15, 
1903,  for  the  construction  of  about  15  miles  of  canals,  with  diverting  dam,  bead- 
works,  spillways,  and  tunnels,  for  the  diversion  and  conveyance  of  1,400  cubic  feet  of 
water  per  second  from  the  Truckee  River,  between  Clarke  Station  and  Wadsworth, 
Nev.,  to  irrigable  lands  in  the  Truckee  and  Carson  valleys.  Plans  and  specifications 
will  be  open  for  inspection,  and  blank  forms  upon  which  all  bids  must  be  made  can 
be  procured  at  the  office  of  the  Geological  Survey,  in  Washington,  D.  C,  and  Reno, 
Nov.,  on  and  after  June  20,  1903.  Each  bid  must  be  accompanied  by  a  certified 
check  for  2  per  cent  of  the  amount  of  the  bid,  as  a  guaranty  that  the  bidder  will 
enter  into  a  written  contract  with  the  Secretary  of  the  Interior  within  ten  days  after 
the  award  is  made,  and  furnish  bond  in  the  sum  of  50  per  cent  of  the  contract  price 
for  the  faithful  performance  of  the  work.  The  Secretary  of  the  Interior  reserves  the 
right  to  reject  any  and  all  bids.  Detailed  information  can  be  obtained  on  the  ground 
from  L.  H.  Taylor,  resident  engineer,  Reno,  Nev.  Proposals  should  be  addressed 
to  the  Secretary  of  the  Interior,  Washington,  D.  0.,  and  endorsed  on  envelope 
"Proposals  for  Irrigation  W^ork,  Truckee  River,  Nevada." 

E.  A.  UiTCHOOcK,  SecreUtry. 
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FORM  OF  PROPOSAL. 

Rbclam ATioN  Sbrvicb  U.  S.  Gbological  Survey,  Truckue  Pbojbct — Nbvada. 

Proposal  for  excavating  main  canal,  and  building  headworks,  spillways,  aluioe 
and  wasteways,  reduction  chambers,  tunnels,  and  highway  bridge. 

NoTB. — Bids  will  be  received  on  one  or  more  divisions  or  on  all  the  work.  Bid- 
cLers  desiring  to  bid  on  one  division  only  will  fill  out  their  figures  on  printed  schedule 
opposite  that  division  only.  Those  desiring  to  bid  on  all  the  work  will  fill  out  the 
fibres  opposite  all  the  divisions. 

To  Sbcsbtart  op  thb  Intbbior, 

WashingUm^  D.  C. 

Sir:  The  undersigned  propose  to  do  all  the  work,  and  furnish  all  the  material, 
except  the  cement,  in  accordance  with  the  printed  form  of  general  specifications, 
a  copy  of  which  is  herewith  annexed,  and  bind ,  on  the  accept- 
ance of  this  proposal,  to  enter  into  and  execute  a  contract,  with  necessary  bond,  of 
which  the  inclosed  general  specifications  shall  be  made  a  part,  for  the  execution  of 
said  work  at  the  prices  named  in  the  schedule  below. 

furthermore  agree,  that  in  case  of default  in  executina:  such  contract, 

with  necessary  bond,  the  check  accompanying  this  bid,  and  the  money  payable 
thereon,  shall  be,  and  remain  the  property  of  the  United  States. 

GENERAL  SPECIFICATIONS. 

1. — Purpose  of  work. 

The  completed  work  haa  for  its  purpose  the  conveyance  of  fourteen  hundred  (1400) 
second-feet  of  water  from  Truckee  River  to  the  head  of  Pyramid  Branch,  a  distance 
of  about  six  (6)  miles;  thence  the  conveyance  of  twelve  hundred  (1200)  second-feet 
of  water  to  the  lower  Oarson  River  reservoir,  a  farther  distance  of  about  twenty-four 
(24)  miles. 

S. — Plan  of  work. 

The  general  plan  of  the  work  requires  the  construction  of  a  concrete  weir  and 
headworks  and  earth  embankment,  also  temporary  dam  and  diversion  channel  on 
Truckee  River  about  four  (4)  miles  below  Glarks  station  on  the  Central  Pacific  Rail- 
road; two  or  more  spillways  or  overflow  weirs,  one  or  more  sluice  and  waste  ways, 
headworks  for  Pyramid  Branch,  six  or  more  reduction  chambers,  and  one  small 
bridge  to  carry  highway  across  the  canal,  and  excavating  and  completing  the  main 
canal,  including  the  construction  and  completion  of  three  or  more  tunnels,  in  accord- 
ance with  the  accompanying  plans,  which  show  general  type  of  each  structure. 

S, — Plans  and  drawings. 

The  plans  which  accompany  and  which  are  made  a  part  of  these  specifications  are 
numbered  and  named  as  follows: 
Drawing  No.  1.  Cross-section  of  main  canal  and  tunnel. 
Drawing  No.  2.  General  plan  for  combined  sluice  and  waste  way. 
Drawing  No.  3.  Details  of  gates  for  head  works  and  waste  ways,  wrought  iron. 
Drawing  No.  3a.  Details  of  gates  for  head  works  and  waste  ways,  cast  iron. 
Drawing  No.  4.  Plan  for  head  works  for  Pyramid  Branch. 
Drawing  No.  5.  General  plan  for  spillways  in  main  canal. 
Drawing  No.  6.  General  plan  for  reducing  chambers,  canal  to  tunnel. 
Drawing  No.  7.  Plan  for  head  works  for  main  canal. 


188  FIRST   RECLAMATION    SERVICE   CONFERENCE.  [»o^«. 

Drawing  No.  8.  Plan  showing  location  of  head  works  and  diversion  of  river  dnring 
construction. 
Drawing  No.  9.  Design  for  highway  bridge  crossing  canal. 
Drawing  No.  10.  Profile  of  final  location  of  canal. 
Drawing  No.  11.  Plan  showing  general  location  of  canal;  small  scale. 

4. — Special  and  general  spedficatUms, 

Special  specifications  will  be  furnished  the  contractor  for  each  structure  as  the 
work  proceeds. 

The  general  specifications  shall  apply  to  all  work  done  or  materials  furnished,  and 
shall  control  the  special  specifications  where  they  are  silent.  In  case  of  confiid 
between  the  general  specifications  and  the  special  specifications  the  latter  shall  con> 
trol  in  the  particular  work  to  which  they  apply. 

5. — Manner  of  dcfing  work. 

All  work  shall  be  done  in  a  thorough  and  workman-like  manner,  notwithstanding 
any  omission  from  the  drawings  or  specifications,  and  anything  mentioned  in  the 
specifications  and  not  shown  in  the  drawings,  or  shown  in  the  drawings  and  not 
mentioned  in  the  specifications,  must  be  done  as  though  shown  or  mentioned  in  both. 

6, — Engineer  and  contractor. 

Where  the  word  ''engineer''  is  used  in  the  general  or  special  specifications  or  in 
the  contract  it  shall  be  and  is  mutually  understood  to  refer  to  the  chief  engineer  of 
the  reclamation  service,  United  States  Geological  Survey,  or  any  of  his  authorised 
assistants  or  inspectors,  limited  by  the  particular  duties  entrusted  to  them. 

Wherever  the  word  "contractor"  is  used  in  the  general  or  special  specifications 
or  in  the  contract  it  shall  be  and  is  mutually  understood  to  refer  to  the  party  or 
parties  contracting  to  perform  the  work  to  be  done  under  this  contract  or  to  their 
legal  representatives. 

7. — T^me  of  commencemeniy  and  prosecution  and  completion  of  work. 

On  the  acceptance  of  the  proposal  the  chief  engineer  will  give  written  notice 
thereof  to  the  party  or  parties  proposing  personally  or  by  letter  or  wire  to  their 
stated  address;  and  in  ten  days  from  the  date  of  such  notice  the  contractor  shall 
execute  his  contract,  and  bond  by  a  surety  company,  and  the  work  shall  be  be^n 
promptly,  with  adequate  force,  according  to  the  terms  of  the  contract.  The  work 
shall  be  prosecuted  continuously  and  vigorously,  with  such  force  and  in  such  manner 
as  to  secure  its  completion  within  fourteen  months  of  date  of  signing  the  contract. 
If  at  any  time  the  work  is  not  progressing  satisfactorily  the  attention  of  the  con- 
tractor shall  be  called  in  writing  by  the  engineer  to  the  fact  that  the  progress  being 
made  is  not  such  as  to  enable  the  contractor  to  finish  the  w-ork  in  the  specified  time. 
On  receipt  of  such  notice  the  contractor  must  put  on  more  force  and  make  such 
showing  as  will  satisfy  the  engineer  that  the  work  can  be  finishe<l  in  the  specified 
time.  The  amount  of  work  done  at  the  end  of  any  month,  except  the  first,  must 
bear  at  least  the  same  proportion  to  the  total  work  to  be  done  that  one  month  does? 
to  the  number  of  months  fixed  for  the  completion  of  the  work. 

8, — Putting  on  more  force. 

If  the  contractor,  in  a  reasonable  time  after  receiving  such  notice  from  the  engi- 
neer, does  not  put  on  additional  force,  the  chief  engineer  shall  have  the  right  to 
declare  the  contract  null  and  void  or  to  hire  such  force  and  buy  such  tools,  at  tlie 
contractor's  expense,  as  may  be  necessary'  for  the  proper  condjact  of  the  work  and 
for  finishing  it  in  the  time  agreed  upon. 
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9. — Character  of  workmen. 

The  contractor  shall  discharge  from  his  service,  when  requireii  by  the  engineer, 
any  disorderly,  dangerous,  insubordinate,  or  incompetent  person.  None  but  skilled 
foremen  shall  be  employed  on  the  tunnels  and  concrete  work.  As  reiiuired  by  law, 
no  Mongolian  labor  shall  be  employed  on  construction  work. 

JO. — Methods  and  appliances. 

The  methods  and  appliances  adopted  by  the  contractor  must  be  such  as  will  secure 
a  satisfactory  quality  of  work  and  enable  him  to  complete  the  work  in  the  time 
aj^reed  upon.  If  at  any  time  such  methods  and  appliances  appear  inadequate  the 
engineer  may  order  the  contractor  to  improve  their  character  or  increase  their  effi- 
ciency, and  the  contractor  must  conform  to  such  order;  but  the  failure  of  the  engi- 
neer to  onler  such  improvement  of  methods  or  increase  of  efficiency  will  not  relieve 
the  contractor  from  his  obligations  to  perform  good  work  or  finish  it  in  the  time 
agreed  upon. 

11. — MeasurementSy  estimateSy  and  payments. 

At  the  end  of  each  calendar  month  the  engineer  shall  make  an  approximate 
measurement  of  all  the  work  done  up  to  that  date  and  an  estimate  of  the  value  of 
the  same  at  the  prices  agreed  upon  in  the  contract.  A  deduction  of  twenty-five  (25) 
per  cent  shall  be  made  from  this  estimated  amount,  and  from  the  balance  shall  be 
deducted  the  amount  of  all  previous  payments.  The  remainder  shall  be  paid  to  the 
contractor  upon  the  presentation  of  proper  vouchers  endorsed  and  approved  by  the 
chief  engineer.  The  twenty-five  per  cent  deducted  shall  be  retained  by  the  Gov- 
ernment until  the  work  shall  have  been  completed  to  the  entire  satisfaction  of  the 
chief  engineer. 

1^. — Engineers'  authority j  and  appeals j  etc. 

The  engineer  in  charge* shall  decide  as  to  the  meaning  and  intent  of  any  portion 
of  the  plans  and  specifications.     He  shall  have  the  right  to  correct  any  errors  or 
omissions  therein  where  such  errors  or  omissions  might  cause  a  misunderstanding  of 
the  meaning  and  intent  of  said  plans  or  specifications.    The  Secretary  of  the  Interior 
reserves  the  right,  at  any  time  during  the  progress  of  the  work,  to  change  the  align- 
ment, grades,  and  width  of  the  canal,  or  any  portion  thereof,  or  to  alter  the  charac- 
ter, vary  the  dimensions,  or  change  the  location  of  structures,  or  substitute  one  kind 
of  material  for  another,  or  to  omit  entirely,  where  found  necessarj',  or  require  to  be 
built  where  not  now  contemplated;  and  the  contractor  shall  carry  into  effect  ail  such 
alterations,  at  the  unit  prices  mentioned  in  the  contract.    Should  snch  change, 
however,  be  made  after  the  commencement  of  any  i)articu}ar  piece  of  work,  and 
result  thereby  in  any  extra  ct)st  to  the  contractor,  the  engineer  in  charge  shall  certify 
to  the  amount  to  be  allowed  therefor  which  he  shall  consider  as  fair  and  equitable 
between  the  parties,  and  his  decision,  when  approved  by  the  chief  engineer,  shall 
be  final  and  conclusive. 

13. — Inspection  of  work. 

The  engineers  and  inspectors  appointed  by  the  Secretary  of  the  Interior  shall  at 
all  times  have  the  right  to  inspect  the  work  and  materials.  The  contractor  shall 
furnish  such  persons  reasonable  facilities  for  obtaining  such  information  as  they 
desire  respecting  the  progress  and  manner  of  the  work  and  the  character  of  the 
material. 

14' — QuantitieSy  approximate  in  schedule. 

The  quantities  of  the  work  presented  in  the  schedule  are  only  approximate,  and 
the  information  given  on  maps  and  profiles  as  to  summary  of  material  is  according  to 
the  best  present  knowledge. 


190  FIRST   RECLAMATION    SERVICE    CONI'ERENCE.  [ko.91 

15, — Removal  of  defective  work. 

The  cx)ntractor  shall  remove  at  his  own  expense  all  material  which  is  condemned 
by  the  engineer  or  his  inspectors,  and  shall  remove  and  rebuild  at  his  own  expense 
any  part  of  the  work  which  has  been  improperly  executed,  even  though  such  work 
should  have  been  already  allowed  for  in  the  monthly  estimates.  The  engineer  shall 
give  notice  in  writing  to  the  contractor  of  such  defective  work,  when  found.  If  the 
contractor  refuses  or  neglects  to  replace  such  defective  work  it  may  be  replaced  by 
the  Secretary  of  the  Interior  at  the  contractor's  expense. 

16. — Protection  of  finished  work. 

The  contractor  will  be  held  responsible  for  the  material  furnished  to  him,  and  for 
the  care  of  the  finished  work  mitil  final  completion  of  the  same,  and  will  be  required 
to  make  good,  at  his  own  cost,  any  damage  or  injury  it  may  sustain  from  any  canse. 
He  shall  take  all  risks  from  floo<ls  and  from  casualities  of  every  description,  and 
make  no  charge  for  detention  from  such  causes.  He  may,  however,  be  allowed  a 
reasonable  extension  of  time  on  account  of  such  detention. 

17. — Damage  and  trespass. 

The  contractor  will  be  held  responsible  for  all  damages  to  persons  or  property 
which  may  result  from  his  acts  or  neglect,  or  that  of  his  agents,  employees,  or  work- 
men. He  will  not  allow  any  of  his  agents,  employees,  or  workmen  to  trespass  upon 
the  premises  or  lands  of  persons  in  the  vicinity  of  the  works,  and  will  dischaige-y  at 
the  request  of  the  engineer,  anyone  in  his  employment  who  may  be  guilty  of  com- 
mitting damage  in  this  respect. 

18. — Delays. 

• 

The  contractor  shall  not  be  entitled  to  any  compensation  for  delays  or  hindrances 
to  the  work  from  any  caiLse  whatever.  If  such  delay  or  hindrance  is  caused  by  fail- 
ure to  provide  material  sufiScient  to  carry  on  the  work,  or  failure  to  give  such  instruc- 
tions as  may  be  necessary  for  the  same,  on  the  part  of  the  Secretary  of  the  Interior 
or  his  engineers,  then  such  delay  will  entitle  the  contractor  to  an  extension  of  time 
equivalent  to  the  time  lost  by  such  delay.  The  engineer  must  receive  from  the  con- 
tractor notice,  in  writing,  of  such  delay  before  allowing  any  extension  of  time. 

19.  — Responsibility. 

The  contractor  will  not  assign  or  sublet  the  work,  or  any  part  thereof,  without  the 
written  consent  of  the  chief  engineer,  indorsed  upon  his  contract  No  subcontract 
shall,  under  any  circumstances,  relieve  the  contractor  of  his  liabilities  and  obligations 
under  the  contract,  and  should  the  subcontractor  fail  to  perform  the  work  to  the 
satisfaction  of  the  engineer  the  contractor  will  be  held  responsible,  and  if  he  fails  or 
refuses  to  make  satisfactory  the  work  done  by  the  subcontractor  the  Secretary  of  the 
Interior  may,  at  his  option,  end  and  terminate  his  contract. 

£0. — Extra  work. 

No  claim  for  extra  work  or  work  unprovided  for  in  the  contract  shall  be  consid- 
ered or  allowed  unless  previously  ordered  in  writing  by  the  engineer.  If  such  extra 
work  is  ordered,  payment  will  be  made  only  upon  the  certificate  of  the  engineer  that 
such  work  has  been  satisfactorily  performed,  and  demand  for  this  payment  must 
be  accompanied  by  such  certificate  and  made  at  the  time  of  the  next  monthly  pay- 
ment after  the  extra  work  has  been  finished. 
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SU — F\jreman  and  copy  of  planSf  etc. 

The  contractor  shall  keep  at  all  times  upon  the  work  a  copy  of  the  plans  and  spec- 
ificationa,  so  that  reference  may  be  made  thereto  by  the  engineer,  in  case  of  misun- 
derstanding or  misconstruction.  Instructions  given  to  the  contractors,  foremen,  or 
agents  on  the  work  by  the  engineer  shall  be  considered  as  having  been  given  to  the 
contractor  himself. 

as, — Roads  and  fences. 

All  roods  crossing  the  canal  must  l)e  kept  open  until  proper  bridges  or  crossings 
are  provi<led,  and  all  fences  crossing  the  canal  must  be  kept  up  by  the  contractor 
until  the  work  is  finished. 

fS, — Bench  marks j  stakes^  etc. 

All  bench  marks  and  side  slope  stakes  must  be  carefully  preserved  by  the  con- 
tractor, and  in  case  of  their  willful  or  careless  destruction  or  removal  by  him,  or  any 
of  his  employees,  such  stakes  shall  be  replaced  by  the  engineer  at  the  contractor's 
expense. 

g4' — CUumficoHon  of  material. 

The  classification  of  the  material  excavated  shall  be  made  by  the  engineer  in 
charge,  and  his  judgment  will  be  final  and  conclusive  in  such  matter,  as  well  as  in  the 
inspection  of  material  used  in  the  structures. 

jf5. — Right  of  way. 

The  right  of  way  for  the  land  necessary  for  the  canal  and  for  all  borrow  pits,  chan- 
nels, spoil  banks,  ditches,  roads,  etc.,  will  be  provided  by  the  Secretary  of  the 
Interior. 

96. — Maps  and  plans. 

The  engineer  will  stake  out  all  the  work  for  the  contractor  and  furnish  him,  from 
time  to  time,  with  such  detail  drawings,  plans,  profiles,  and  special  specifications  as 
may  be  necessary  to  enable  him  to  complete  the  work  in  a  satisfactory  manner.  All 
such  plans,  profiles,  maps,  and  drawings  must  be  returned  to  the  engineer  on  com- 
pletion of  the  work. 

f7. —  Unpaid  claims. 

The  contractor  shall  pay  all  workmen  employed  on  the  work  punctually,  at  least 
once  a  month,  and  also  pay  regularly  for  all  material  furnished  under  his  contract. 
He  will  furnish  the  Secretary  of  the  Interior  with  satisfactory  evidence  that  all  per- 
sons who  have  done  work  or  furnished  material  and  who  shall  have  filed  claims  for 
the  same  with  the  Secretary  of  the  Interior  have  been  fully  paid  or  are  not  entitled 
to  any  lien  under  the  laws  of  the  State  of  Nevada.  In  case  such  evidence  is  not  fur- 
nished such  amount  as  the  Secretary  of  the  Interior  may  consider  necessary  to  meet 
the  lawful  claims  of  such  persons  shall  be  deducted  from  the  money  due  the  con- 
tractor and  held  until  the  liabilities  shall  have  been  fully  discharged  and  evidence  of 
the  same  furnished  the  Secretary  of  the  Interior,  and  if  such  evidence  is  not  fur- 
nished before  the  final  payment  under  this  contract  falls  due,  the  Secretary  of  the 
Interior  may  pay  such  claims,  and  charge  the  amount  thus  paid  to  the  contractor, 
who  shall  accept  the  same  as  payment,  to  the  amount  of  the  claims  on  his  contract. 

98. — Failure  to  complete  work  in  tim^  agreed  upon. 

In  case  the  contractor  should  fail  to  complete  the  work  in  the  time  agreed  upon  in 
the  contract,  or  in  such  extra  time  as  may  have  been  allowed  for  reasonable  delays 
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incident  to  the  work,  the  engineer  shall  compute  and  appraise  the  direct  damages  for 
the  lohss  snstaine<l  by  the  Secretary  of  the  Interior  on  account  of  further  eiuployment 
of  engineers,  in.si>ector8,  and  other  employees,  including  all  disbursements  on  the 
engineering  account  properly  chargeable  to  the  work.  The  amount  so  appraiseti  ami 
computed  .shall  be  deducted  from  any  money  due  the  contractor  under  his  contnvl 
The  decision  of  the  chief  engineer  as  to  the  appraisal  of  such  damages  shall  be  final 
and  binding  on  both  parties. 

S9. — Shpes  and  baiters. 

Whenever,  in  these si>ecifications  and  plans,  the  word  "slope'*  or  "batter"  is  used 
they  will  be  understood  to  mean  the  ratio  of  horizontal  to  vertical.  Thus  a  slope  frf 
three  to  one  would  mean  three  horizontal  to  one  vertical,  or  a  batter  of  2  incfaee  to  1 
foot,  2  inches  horizontal  to  1  foot  vertical. 

30. — Judders  to  ejcamine  ground  before  bidding. 

Bidders  must  satisfy  themselves  of  the  nature  of  the  material  and  of  all  local  con- 
ditions affecting  the  work,  and  no  information  derived  from  the  maps,  plans,  specifi- 
cations, profiles,  or  drawings,  or  from  the  engineer  or  his  assistants,  will  in  any  way 
relieve  the  contractor  from  all  risks,  or  from  fulfilling  all  the  terms  of  his  contract. 

31. —  Use  and  sale  of  liquor. 

The  use  or  sale  of  intoxicating  liquor  will  be  absolutely  prohibited  on  the  work 
except  under  the  direct  supervision  of  the  contractor  or  his  agent;  and,  if  possible,  such 
arrangements  will  l)e  made  with  the  local  authorities  as  will  prevent  the  issue  of 
license  to  sell  intoxicating  liquors  to  anyone  else  than  the  contractor,  at  any  point 
within  5  miles  of  the  work  where  liquor  is  not  now  sold. 

3:^. — Geniral  conditions. 

The  al)ove  general  conditions  shall  apply  to  every  part  of  the  work  to  be  done 
under  thc^e  specifications. 

33. — Grading. 

Under  this  head  will  be  included  clearing  and  grubbing  where  required;  all  exca- 
vations and  embankments  recjuired  for  the  completion  of  the  main  canal  or  any  of  its 
branches,  for  all  temporary  work,  and  for  i>ermanent  dam  at  the  head  works;  all 
excavations  for  ditches  or  drains  necessary  for  cross  drainage;  excavations  for  all 
foundations  for  bridges,  culverts,  or  walls,  and  all  excavations  and  embankments 
for  road  crossings,  where  they  have  l)een  interfered  with  in  the  construction  of  the 
canal.  All  material  moved  in  grading  shall  l>e  measured  in  excavation  only,  and  esti- 
mated by  the  cubic  yard  under  the  following  classes.  (Excepted  herefrom  is  the 
excavation  in  water,  at  the  head  works,  which  is  specially  provided  for  in  schedule.) 

Class  1.  All  material  tliat  can  be  ploughed  by  an  average  eight-mule  team,  each 
animal  weighing  not  less  than  twelve  hundred  (1,200)  pounds,  attached  to  a  suitable 
ten-inch  breaking  plough;  all  well  handled,  by  at  least  four  men.  Also  all  loose 
material  that  can,  without  ploughing,  be  loaded  into  a  scraper  by  two  men. 

Class  2.  Indurateil  material  of  all  kinds,  which  cannot  be  ploughed  as  in  class  1, 
but  which  requires  loosening  by  powder,  and  can  then  be  removed  by  scraper. 

Class  3.  All  detached  masses  of  rock,  more  than  two,  and  less  than  ten  cubic  feet 
in  volume,  and  all  slate  or  other  rocks,  soft  or  loose  enough  to  be  removed  withoat 
blasting. 

Class  4.  All  rock,  not  included  in  the  above  classes,  which  requires  drilling  and 
blasting. 

The  canal  will  be  excavated  accurately  to  scxitions  and  forms  similar  to  those  shown 
in  drawing  No.  1,  and  to  the  lines,  grrxles,  and  slope  stakes,  as  established  every  50  feet 


iwe:>w-ell.]        8PKCIFICAT10NS  FOR  TRUCKKK  CANAL.  193 

h^y  the  engineer.     The  side  slopes  may  be  varied  to  nuit  the  material,  but  in  all  cases 

^v\-ill  l>e  staked  out  by  the  engineer.     All  material  taken  from  the  excavation  will  be 

<l^I>06ited,  when  the  canal  is  on  sloping  ground,  on  the  lower  side  of  the  canal, 

vmleBS  otherwise  directed  by  the  engineer.     When  the  canal  is  on  level  ground,  the 

nictterial  from  the  excavation  will  be  dej)osited  on  both  sides,  to  form  the  upper  por- 

tlon  of  the  waterway.     If  there  is  an  excess  of  material  in  excravation  on  sloping 

^2:rr>und,  over  and  al)Ove  that  which  is  necessary  to  complete  the  waterwtty  to  the 

l*?^x'el  given  by  the  engineer,  it  will  be  deposited  on  the  lower  side  of  the  finished 

l>ajik,  and  on  the  same  level  with  the  top  of  the  bank  of  waterway,  and  if  there  is 

an  excess  of  material  in  excavation  on  level,  or  nearly  level  ground,  it  will  be  used 

to  \«4den  the  banks  on  each  side,  as  may  be  directed.     All  suitable  material  taken 

from  the  excavations  must  be  placed  where  directed  by  the  engineer,  within  a  limit 

of  average  haul  of  600  linear  feet.    All  liaul  over  600  linear  feet  will  be  paid  for  at 

the  rate  agreed  upon  in  the  contract.     Wherever  banks  are  made  on  the  side  of  the 

I'anal,  to  form  part  of  the  waterway,  the  ground  under  such  lianks  must  be  entirely 

i?t  ripped  of  all  brush  and  vegetable  matter  of  every  kind,  and,  if  net'essary,  the  roots 

grrubbed  out  and  burned  with  the  other  material  removed.     All  work  of  this  nature 

Hliall  be  included  in  the  price  paid  for  excavation.     All  banks,  where  required  for 

forming  part  of  the  waterway,  shall  be  built  in  layers  of  about  1  foot  in  depth,  and 

to  the  elevations  given  by  the  engineer  to  allow  for  settlenient.     Where  there  is  not 

sufiicient  material  for  banks  inside  the  lines  of  the  canal,  the  engineer  will  designate 

the  place  where  such  material  is  to  be  procured  and  will  measure  and  allow  for  such 

material  in  excavation  only,  with  allowance  for  overhaul,   if   any.     Where   any 

material  suitable  for  use  in  structures,  such  as  sand,  gravel,  or  stone,  is  found  in  the 

excavations,  it  will  be  laid  aside  in  some  convenient  place,  if  so  ordered  by  the 

engineer.     No  extra  allowance  will  be  made  for  this  work,  if  the  material  is  deposited 

within  600  feet  of  the  place  where  it  is  excavated.     All  embankments  at  or  near 

structures  shall  be  made  at  such  times,  in  such  manner,  and  of  such  materials  as  the 

engineer  may  direct.     No  banks  intended  to  hold  water  shall  be  made  in  freezing 

weather. 

The  excavations  and  embankments  shall  be  finished  in  a  careful  and  workmanlike 
manner,  true  to  line  and  grade  as  given  by  the  engineer's  finishing  stakes.  The 
bottom  and  side  slopes  must  be  made  even  and  r^ular,  fit  for  the  passage  of  water, 
and  any  blasting  in  soft  material  which  would  injure  the  slopes  or  bottom  will  not 
be  permitted.  If  the  slopes  or  bottom  are  shattered  or  broken  up  by  careless  blasting, 
each  soft  places  must  be  excavated  to  firm  material  and  the  holes  thus  made  filled 
up  to  grade  and  line  with  concrete  composed  of  one  part  of  cement  to  three  parts  of 
sand  and  five  parts  of  gravel  or  broken  rock,  all  at  the  expense  of  the  contractor. 
In  hard  material,  where  excavation  is  lined  with  concrete  or  plastered  with  mortar, 
all  such  holes  must  be  filled  up  to  the  neat  line  of  the  back  of  lining,  as  specified,  all 
excess  over  the  specified  thickness  of  lining  being  at  the  contractor's  expense. 

S4-  — Puddling. 

Where  the  nature  of  the  material  in  the  banks  is  such  as  to  require  puddling  by 
hand,  the  engineer  will  decide  upon  the  depth  of  puddled  material  required  on  the 
face  of  the  bank  and  stake  out  the  foot  of  the  bank  at  the  proper  distance  from  the 
edge  of  the  excavation,  to  allow^  of  the  puddled  material  being  placed  afterward. 
The  excavation  in  all  cases  to  be  made  complete  and  the  material  required  for  puddling 
piled  upon  the  bank  ready  for  use,  when  a  little  water  can  be  let  into  the  canal. 

S5. — Tunnels, 

There  will  be  at  least  three  tunnels  on  this  work,  one  of  400,  one  of  9Q0,  and  one 
of  1 ,400  feet  in  length,  approximately.  As  the  material  encountered  is  variable,  three 
methods  of  lining  are  proposed,  as  shown  in  the  cross  sections  on  drawing  No.  1. 
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1.  Where  the  material  requires  temporary  timbering  daring  excavation  and  peniii- 
uent  lining  with  concrete  afterwards,  the  timbers  remaining  in  the  concrete* 

2.  Where  the  material  is  of  such  nature  as  to  stand  until  lined,  or  to  allow  of  the 
timbers  being  moved  when  the  lining  of  concrete  is  put  in. 

3.  When  the  material  is  hard  rock,  and  can  be  plastered  with  a  coat  of  cement 
plaster. 

Any  or  all  of  these  methods  may  be  used  in  any  one  tunnel,  or  in  all  of  the  tnnneK 
as  the  varying  nature  of  the  material  may  require. 

The  object  to  be  attained  is  the  completion  of  a  smoothly  plastered  chamber  of 
concrete,  12  by  13  feet  in  section,  in  all  the  timnels,  to  be  made  safe  and  seiiire 
against  falls  or  '* caves,"  and  in  order  to  effect  this  object,  the  use  of  any  one  of  these 
methods  may  be  insisted  on  by  the  engineer. 

Any  excess  of  excavation  over  the  neat  lines  of  excavation  as  shown  on  the  dmw- 
ings  must  be  filled  up  with  timber  or  concrete,  as  the  engineer  may  direct-     All 
caves  or  falls  in  the  roof  or  sides  must  be  supported  by  temporary  timbering  inunedi- 
ately  after  they  occur,  and  the  engineer  will  positively  not  allow  the  work  to  proc-eed 
until  such  places  are  made  perfectly  safe  and  secure.     If  more  timber  or  concrete 
than  is  provided  for  in  the  drawings  is  required  to  make  the  work  absolutely  safe 
and  secure,  in  the  opinion  of  the  engineer,  such  extra  material  shall  be  furnished  by 
the  contractor  and  allowed  for  by  the  engineer,  at  the  rate  of  $30  per  thousand  feet, 
board  measure,  of  lumber,  and  $12  per  cubic  yard  of  concrete,  both  measaied  in 
place;  but  no  allowance  shall  be  made  for  extra  material  used  in  the  tunnel  luilees 
the  engineer  shall  have  previously  given  a  written  order  for  the  use  of  the  same. 
The  frames,  as  shown  in  the  drawings,  are  of  8  by  8  timber  throughout,  and  set  3 
feet  apart  from  center  to  center.    The  lagging  is  of  2  by  6  inch  timber.     The  concrete 
lining  on  sides  and  arch  is  12  inches  thick  between  timber  frames,  and  4  inches 
thick  inside  of  frames.    The  concrete  lining  on  the  bottom  is  4  inches  thick.     The 
concrete  lining,  where  timbering  is  unnecessary,  is  8  inches  thick  on  an  average,  and 
the  plastering  on  hard  rock  an  average  of  2  inches  thick. 

The  contractor  shall  be  fully  responsible  for  the  safety  and  good  condition  of  the 
tunnels  until  the  completion  of  his  contract  as  a  whole.  None  but  skilled  tunnel 
men  shall  be  employed  as  foremen  or  carpenters,  and  of  this  the  engineer  must  have 
satisfactory  evidence  beforehand.  All  losses  resulting  from  damage  or  injury  to 
person  or  property,  through  carelessness,  neglect,  or  want  of  due  precaution  on  the 
part  of  the  contractor  or  any  of  his  agents  or  employees,  must  be  borne  by  him,  and 
under  no  circumstances  shall  compensation  for  such  losses  be  allowed  to  the  con- 
tractor by  the  Secretary  of  the  Interior. 

S6.  — Explosives, 

The  use  of  explosives  is  positively  prohibited  in  any  of  the  tunnels,  except  where 
hard  rock  occurs,  and  in  that  case  the  blasting  must  be  done  in  such  a  way  as  not  to 
shatter  the  roof  or  sides  unnecessarily. 

S7. — Centering. 

The  centering  must  be  strong  and  solidly  braced,  and  conform  to  the  true  outline 
of  the  tunnels  as  shown  on  the  plans.  It  will  be  subject  to  the  approval  of  the  engi- 
neer, who  may  at  any  time  prohibit  the  use  of  centering  which,  in  his  opinion,  is  not 
strong  enough,  or  which  may  have  deteriorated  from  use,  or  shown  by  actual  trial 
that  it  is  not  fit  for  the  purpose  intended.  The  faces  of  the  boards  used  on  centering, 
for  the  sides  of  the  tunnel,  must  be  surfaced  and  laid  true  to  line  so  as  to  give  a  plane, 
even  surface  of  concrete  for  the  plastering.  •    « 
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S8. — Plastering, 

AVlien  the  concrete  lining  in  any  of  the  tunnels  is  completed,  and  the  centering 
ei:x:KOved,  the  floor  for  the  full  width  and  the  walls  and  arch  for  a  height  of  13  feet 
.\  >o  ve  the  finished  floor,  shall  be  covered  with  a  coat  of  plaster  composed  of  sand, 
^«^ixftent,  and  lime  paste  in  the  proportion  of  3}  cubic  feet  of  sand  to  1  cubic  foot  of 
« »oefae  cement  and  half  a  cubic  foot  of  lime  paste,  which  has  been  cooled  for  at  least 
:  w^nty-four  hours.  The  average  thickness  of  this  plaster  will  be  half  an  inch,  for 
kw  t&ich  due  allowance  will  be  made  in  setting  the  forms  for  the  concrete;  and  it  must 
\  y^  troweled  down  on  floor  and  sides  to  a  perfectly  smooth  and  true  surface.  The 
wslIIs  and  floor  must  be  thoroughly  washed  clean  of  all  loot^e  or  friable  material  due 
to  cx>ntact  with  centering  boards,  and  then  wet  again  to  receive  the  plaster. 

S9, — Concrete, 

The  cement  will  be  furnished  by  the  Secretary  of  the  Interior.    The  concrete  to 
\yG  used  on  all  the  structures  and  tunnels  on  this  canal  will  be  composed  of  Portland 
ee^Dient,  sand,  and  gravel  or  broken  stone,  in  the  proportion  of  1  barrel  of  cement, 
in  the  packed  condition  in  which  it  is  sold,  to  7  full  barrels  of  the  same  size  of  the 
aggregates  when  mixed  together.    To  facilitate  the  work  experiments  will  be  made 
t>y  the  contractor  with  the  carriers,  whether  wheelbarrows,  bcTxes,  or  cars,  used  by 
Kim,  so  that  this  proportion  of  cement  to  aggregates  may  be  maintained  as  nearly  as 
l>o8sible,  and  the  engineer  will  supervise  these  experiments  and  fix  said  proportion 
for  the  kind  of  carrier  used  at  each  piece  of  work.     He  will  also  make  experiments 
inrith  the  aggregates  themselves  so  as  to  get  the  most  compact  mass  that  can  be  made 
f  n>m  them,  and  for  such  experiments  no  extra  allowance  will  be  made  to  the  con- 
tractor.   If  the  cement  comes  in  sacks,  then  380  pounds  net  of  cement  will  constitute 
a  barrel,  and  any  ordinary  cement  barrel  open  at  one  end,  containing  not  more  than 
3.7  cubic  feet,  will  be  used  for  measuring  the  aggregates.    If  broken  stone  is  used,  it 
must  be  hard  and  compact  and  satisfactory  to  the  engineer.    The  entire  product  of 
the  crusher  will  be  taken,  provided  there  is  not  more  than  10  per  cent  of  the  volume 
composed  of  dust  or  screenings.     All  of  the  rock  must  be  of  such  sizes  as  will  pass 
through  a  screen  with  2-inch  square  mesh.     If  gravel  is  used,  it  must  be  clean,  hard, 
and  heavy,  having  at  least  a  specific  gravity  of  2,  and  screened  into  three  different 
sizes.     None  of  the  gravel  is  to  exceed  2  inches  in  diameter.    The  mixture  of  such 
sizes  will  be  made  in  the  proportion  fixed  by  the  engineer.     A  promiscuous  mixture 
of  sand  and  gravel  will  not  be  accepted.    The  sand  must  be  clean  and  sharp  and  free 
from  any  clayey  matter. 

The  mixing  of  the  concrete,  if  hand  labor  is  used,  will  be  done  in  the  following 
manner:  A  tight  floor  of  either  planks  or  sheet  iron  will  be  used  for  the  mixing  in  all 
cases.  The  sand,  which  must  be  dry,  will  first  be  piled  on  the  floor  with  the  cement, 
in  the  proper  proportions;  the  mass  will  then  be  shoveled  over  as  many  times  as  are 
necessary  to  make  a  thorough  mixture  of  sand  and  cement;  suflScient  water  will  then 
be  added  to  make  a  stiff  mortar,  and  the  mass  shoveled  over  twice  or  more,  as  may 
be  necessary.  The  stone  or  gravel,  which  should  be  well  wet,  will  then  be  added, 
and  the  entire  mass  shoveled  over  twice  or  more  before  shoveling  into  the  carriers. 
This  mixing  must  be  done  to  the  satisfaction  of  the  inspector.  If  the  mixing  is  done 
by  machine,  the  latter  will  be  subject  to  approval  by  the  engineer.  If  at  any  time 
the  machine  fails  to  perform  the  mixing  in  a  manner  satisfactory  to  the  engineer,  it 
must  be  made  satisfactory  or  removed  and  another  machine  substituted,  or  mixing 
by  hand  be  resorted  to. 

The  water  used  for  mixing  must  be  clean  and  free  from  vegetable  matter.  The 
amount  of  water  used,  both  in  the  mixing  and  in  seasoning  the  concrete  after  it  is 
placed  in  the  work,  must  be  satisfactory  to  the  engineer. 
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The  cement  will  be  delivered  to  the  contractor  on  board  the  cars  at  the  neartrt 
etation  to  the  work.  The  contractor  will  be  responsible  for  demurrage  tc>  the  railn*i 
company,  and  will  haul  the  cement  from  the  depot  to  the  work.  He  will  fumti 
suitable  warehouses  or  sheds  for  storing  the  same  until  used,  and  will  be  h*-Vi 
responsible  for  any  lows  of  cement  after  its  delivery  at  the  railroad  station.  Tlie  ••«  2- 
tractor  must  give  the  engineer  at  least  thirty  days*  notice  as  to  when  aiid  when*  b- 
wants  the  cement  delivered,  and  will  state  the  amount  required,  which  muirt  l*- 
expressed  in  even  carloads. 

In  all  concrete  walls  over  2  feet  thick  hard  bowlders  or  fragments  of  hard,  ^mnC 
rock  not  exceeding  1  foot  or  less  than  6  inches  in  any  dimension  may  be  plact'd  hy 
hand  in  the  soft  wncrete,  provided  no  such  stone  comes  nearer  than  6  inches  t«>  tbtr 
exterior  surface  of  the  wall  or  to  any  other  bowlder  or  stone  so  placed.  Under  n^* 
circumstances  is  concrete  to  be  laid  in  water  or  in  a  muddy  foundation,  and  it  mi>i 
always  be  mixed  and  laid  in  the  presence  of  an  inspector  and  to  his  satisfaction.  AL 
concrete  must  be  placed  in  the  work  as  soon  as  possible  after  being  mixerl,  and  any 
portion  of  a  batch  which  may  remain  in  the  place  of  mixing  longer  than  the  Unit* 
required  by  the  cement  for  initial  set  must  not  be  remixed  or  placed  in  the  w<»rk. 
All  concrete  shall  be  well  tampe<l  if  put  in  dry,  with  heavy  tamping  bars,  till  moL^tun* 
appears  on  the  surface;  and  if  wet,  with  suitable  bars  and  shovels,  so  that  iK)ro«ity  an<i 
rough  surfaces  may  be  avoided.  Whether  concrete  will  be  used  '*wet*'  or  **dr}" 
will  depend  to  a  great  extent  on  the  nature  of  the  cement,  and  this  can  be  determine*! 
by  experiment  before  work  is  commenced. 

The  wooden  forms  for  concrete  must  be  surfaced  on  the  insides,  so  that  all  contTvte 
structures  may  be  smooth  and  true  on  their  exposed  surfaces  when  finished.  If  n«- 
essary,  special  flat  shovels  shall  be  furnished  and  used  by  the  contractor  to  effect  thii> 
puri)ose. 

40.  — Headworks. 

The  excavation  and  embankment  involved  in  the  temporary  work  neceaear}*  to 
divert  the  river  during  the  construction  of  the  headworks  and  the  emlianknient  for 
the  permanent  dam,  will  be  paid  for  at  the  unit  prices  mentioned  in  the  contract 
The  price  bid  on  lumber  for  lining  temporary  channel  will  include  all  labor  of  laying 
and  calking.  As  soon  as  the  river  is  diverted,  as  shown  on  drawing  No.  8,  the  exca- 
vation for  the  foundation  of  the  headworks  may  proceed.  A  line  of  sheet  piling,  a*? 
show^n  on  drawing  No.  8,  located  about  2  feet  from  upper  line  of  foundation,  will  ^^ 
driven  when  the  trench  is  excavated  to  the  depth  shown  on  said  drawing.  If  it  ij^ 
found  impossible  to  drive  the  sheet  piling  to  the  full  depth  required,  it  will  be  allowed 
to  project  into  the  concrete,  but  every  effort  shall  be  made  to  drive  the  piling  so  that 
not  more  than  1  foot  of  the  piles  may  project  into  the  concrete.  No  piling  is  to 
be  driven  deeper  than  this  unless  by  written  order  of  the  engineer  for  extra  piling, 
for  which  due  allowance  will  be  made  to  the  contractor. 

On  the  first  layer  of  concrete,  which  shall  be  about  9  inches  thick,  in  the  founda- 
tion there  shall  be  laid  acniss  stream  seven  lines,  each  150  feet  long,  at  equal  inter- 
vals, of  railroad  iron,  weighing  not  lej^s  than  50  pounds  per  yard,  then  a  layer  of 
concrete,  which  shall  be  well  tamped  around  and  level  with  the  top  of  these  raiL*- 
On  the  surface  thus  made  shall  be  laid  downstream  31  lines,  each  30  feet  long,  of  the 
same  kind  of  rails,  and  then  a  layer  of  concrete  around  and  level  with  the  ti>p<«^ 
these  rails.  Between  the  rails  will  be  laid,  by  hand,  in  the  soft  concrete,  liowlden* 
or  large  fragments  of  hard  rock,  as  specified  under  the  head  of  "concrete,"  tt>  act  a.* 
binders  between  the  finished  layera,  and  such  bowlders  or  lai^e  fragments  of  hani 
rock  will  Ije  required  on  the  surface  of  each  layer  of  concrete  in  the  headworks,  which 
is  left  to  set  Ix^fore  another  layer  is  laid  down.  The  layers  of  concrete  should  lie  not 
less  than  9  inches  nor  more  than  1  foot  in  deptli. 
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On  the  downstream  side  of  the  foundation  the  old  channel  of  the  river  will  be 
et^ccavated,  if  necessary,  and  filled  with  large  rocks,  paved  on  the  surface,  for  a  difltance 
r>f  20  feet  downstream  and  the  full  width  of  the  river  bed,  an  shown  on  drawing  No.  7. 

4J. — Timber. 

All  timber  must  be  of  good  quality,  free  from  sap,  shakes,  loose  or  rotten  knots,  or 
otlier  defects  that  would  impair  its  strength  or  durability. 

4^. — CaM  iron. 

The  cast  iron  should  l)e  of  best  quality  of  soft  gray  iron,  free  from  cinders,  blow- 
lioles  or  other  imperfections,  and  castings  must  l)e  true  to  shape  and  dimensions,  as 
rtliown  on  drawings.     No  plugging  of  holes  will  be  allowed. 

4S. — Structures  an  line  of  canal. 

All  the  structures  on  the  line  of  the  canal  will  be  subject  to  these  specifications, 
and  where  necessary  special  plans  and  specifications  will  be  furnished  by  the  engineer 
to  the  contractor. 

44' — Highv^ay  bridge. 

The  bridge  will  consist  of  one  60-foot  Pratt  truss  combination  span  with  concrete 
abutments  and  of  the  dimensions  shown  on  drawing  No.  9. 

The  steel  used  in  the  bridge  shall  be  open-hearth,  with  an  ultimate  tensile  strength 
of  at  least  60,000  poimds  per  s(iuare  inch.  The  chord  links  and  main  ties  shall  be  die 
ft>rged  without  welds,  and  of  dimensions  shown.  The  beam  hangers  shall  be  yoke 
fcjhaped  and  bent  around  pin,  one  at  each  end  of  floor  beam;  pins  to  be  turned  to 
a  perfect  size  and  one-thirty-second  of  an  inch  less  than  the  holes  in  chord  bars  and 
tie<«.     The  cast  iron  and  timber  should  be  in  accordance  with  general  specifications. 

■  4S. —  Workmanship. 

All  workmanship  shall  be  first  class,  and  no  bars  of  steel  having  an  error  of  over 
one-si xty-fourth  of  an  inch  in  length  between  pinholes  shall  be  accepted. 

46. — Chamber. 

The  bridge  shall  have  a  chamber  of  2  inches  in  center,  and  the  framing  of  the 
timber  must  be  done  by  an  experienced  bridge  carpenter. 

47. — Paint. 

All  iron  and  steel  is  to  have  one  good  coat  of  metallic  paint  before  leaving  the 
factory,  and  the  whole  structure,  except  flooring  and  joists,  is  to  have  two  good  coats 
of  paint  composed  of  linseed  oil  and  white  lead. 

The  bridge  must  be  built  and  completed  according  to  plans  and  specifications,  and 
to  the  entire  satisfaction  of  the  engineer. 
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CONTRACT." 

This  aurbbment,  iiia<Ie  and  entered  into  this  thinl  day  of  September,  one  thuii- 
eaiHl  nine  hundred  and  three,  by  and  between  the  United  States  of  America,  ai-ting 
in  this  behalf  by  E.  A.  Hiteh(.-oi;k,  Secretary  of  the  Interior,  party  of  the  first  part, 
and  C.  A.  Warren  and  Company,  a  t-orporation  dnly  organized  and  existing  in  the 
State  of  California,  party  of  the  Hecond  part,  its  succeiisurs  and  aseigmi; 

WITNESSETH;  That  tho  Said  parties  have  covenanted  and  agreed,  and  by  these  prvT*- 
ents  do  covenant  and  agree,  to  and  with  each  otlier  as  follows: 

Artici.bI.  That  the  said  C.  A.  Warren  and  Company  shall  construct  and  iiim- 
plete  divisions  1  and  2  of  the  miun  canal  and  structures  of  the  Tmckee  project  in 
Nevada,  division  I  being  approximately  6  ntilee  from  the  headworks  of  said  canal, 
and  division  2  being  a  section  of  7  miles,  approximately,  in  continuation  of  divi^i<>n 
1,  in  accordance  with  the  terras  of  the  attached  advertisement,  proposal,  and  apet-ifi- 
cationa,  the  same  being  made  a  part  of  this  contract. 

Abticls  2.  The  work  herein  provided  for  shall  be  commenced  within  thirty  days 
from,  the  date  of  the  signing  i>f  this  contract,  and  shall  be  completed,  in  full  compli- 
ance with  all  the  conditions  and  stipulations  hereof,  to  the  satisfaction  of  the  Secre- 
tary of  the  Interior,  within  fourteen  (14)  months  from  said  date. 

Article  3.  The  contractor  ^reea  to  comply  with  the  provisions  of  the  acts  of  Con- 
gre»t  approved  August  1,  1892  (Stat.  L.,  vol.  27,  p.  340),  and  June  17,  1902  (SUt.  I-, 
vol.  .12,  p.  388),  concerning  the  limitation  of  a  day's  labor  to  eight  houre;  and  of  the 
acts  of  February  26,  1885,  and  February  23,  1887  (Stat.  L.,  vol.  23,  p.  .132,  and  p. 
414)  concerning  tlie  importation  of  foreigners  or  aliens  under  contract  or  agreement 
te  iiertiTin  labor  in  the  United  States. 

Article  4.  The  contractors  agree  to  save,  keep,  bear  harmless,  and  fully  indemnify 
the  United  Slates  and  any  of  its  officers  or  agents  from  all  damagen  or  claims  for 
damages,  coslii,  or  expenses  in  law  or  equity  that  may  at  any  lime  arise  or  be  srt  up 
for  any  infringement  of  the  patent  rights  of  any  person  or  persons  in  consequence  of 
use  by  the  Department  of  the  Interior,  or  by  any  of  its  officers  or  agents,  of  aniclis 
supplie<l  under  this  proposal,  and  of  which  the  contractor  is  not  the  patentee  or 
assignee  or  lawfully  entitled  to  sell  the  same. 

AicriCLE  6.  Should  any  question  arise,  at  any  time  during  the  progress  of  the  work, 
as  to  whether  or  not  the  contractor  is  properly  carrying  out  Ihe  provisions  of  this 
contract  in  their  true  intent  and  meaning,  or  should  the  contractor  fail  to  prosecute 
the  work  in  such  manner  as  to  insure  its  completion  within  the  time  limit,  notice 
thereof  shall  be  served  upon  him,  and  upon  his  neglect  or  refusal  te  provide  means 
for  a  more  energetic  and  satisfactory  prosecution  of  the  work  the  Secret«rj'  of  the 
Interior  shall  have  the  power  to  suspend  the  operation  of  the  contract  and  employ 
other  [larlies  to  complete  the  work  at  the  contractor's  expense,  and  any  excess  of 
cost  arising  therefrom  over  and  above  the  contract  price  will  be  charged  against  the 
contractor  and  his  sureties,  who  will  be  held  liable  therefor.  If,  by  cirrumstan.-es 
beyond  the  control  of  the  contractor,  and  through  no  fault  of  his,  he  be  prevented 
horn  (TDmpleting  the  work  within  the  specified  time,  such  additional  time  may  1« 
allowed  in  writing,  upon  application  therefor,  aa  in  the  judgment  of  the  8<H:retar3*  of 
the  Interior  may  lie  deemed  just  and  reasonable. 

Articles.  It  is  agreed  that  paragraph  27  of  the  specifications  entitled  "Unpaid 
clftims,"  shall  not  apply  to  this  contract,  but  in  lieu  thereof  the  contractor  agrees  to 
make  promptly  all  {laymeuts  to  parlies  furnishing  him  with  labor  and  material  in 
the  prosecution  of  the  work,  and  that  in  pursuance  of  the  act  of  CongreM  approved 
August  13,  1894  (Stat.  L.,  vol.  28,  p.  278),  Uie  bond  executed  in  connection  herewith 
shall  contain  a  condition  to  that  effect. 

Article  7.  If  at  any  time  during  the  continuance  of  the  contiact,  the  sureties  or 
either  of  them  shall  die  or  become  irreB[>onsible,  the  Secretary  of  the  Interior  shall 
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liave  the  right  to  acquire  additional  and  sufficient  suretiefl,  which  the  contractor 
sliall  furnish  to  the  satisfaction  of  the  Secretary  of  the  Interior  within  ten  days 
after  notice,  and  in  default  thereof  the  contract  may  be  annulled. 

Article  8.  That  for  and  in  consideration  of  the  faithful  performance  of  the  stipu- 
lations of  this  contract,  the  party  of  the  second  part  shall  be  paid  by  the  disbursing 
officer  of  the  reclamation  service,  on  the  presentation  of  proper  receipts  or  vouchers 
in  duplicate  duly  approved  by  the  chief  engineer  upon  the  terms  and  conditions  of 
this  contract 

Akticle  9.  That  in  case  of  the  failure  of  the  said  party  of  the  second  part  to  com- 
ply with  the  stipulations  of  this  contract  according  to  the  true  intent  and  meaning 
thereof,  then  the  party  of  the  first  part  shall  have  the  power  to  suspend  said  con- 
tract and  complete  the  work  at  the  contractor's  expense,  and  any  excess  of  cost 
arising  therefrom  over  and  above  the  contract  price  will  be  charged  against  the 
contractor  and  his  sureties,  who  will  be  held  liable  therefor.  The  Secretary  of  the 
Interior  alone  shall  determine  what  constitutes  a  failure  or  default  hereunder,  and 
such  decision  as  he  may  reach  in  the  matter  will  be  final  and  conclusive. 

Abticle  10.  It  is  understood  and  agreed  that  the  quantities  of  material  and  the 
classifications  thereof  in  the  specifications  are  approximate,  and  that  payment  shall 
be  made  for  the  actual  quantities  and  classifications,  whether  more  or  less  than 
those  scheduled  in  the  specifications.  Any  changes  ma<le  in  the  details  of  the  work 
Bhall  be  paid  for  at  the  unit  prices  of  the  proposal. 

Article  11.  The  contractor  agrees  to  furnish  to  the  engineer  such  information  as 
shall  afford  an  accurate  account  of  the  number  of  men  employed,  their  pay,  and  the 
time  during  which  they  worked  on  the  various  classes  of  construction. 

Article  12.  It  is  further  understood  and  agreed  that  the  corrections  of  typograph- 
ical errors  in  paragraphs  8, 19,  28,  and  36  of  the  specifications,  as  marked  in  the  mar- 
gins thereof,  are  accepted  by  both  parties  hereto. 

Article  13.  That  it  is  expressly  understood  by  the  party  of  the  second  part  that, 
in  conformity  to  the  requirements  of  section  3737  of  the  Revised  Statutes,  neither 
this  contract  nor  any  interest  therein  shall  be  transferred  to  any  other  party  or 
parties,  and  that  any  such  transfer  shall  cause  the  annulment  of  the  contract  so  far 
as  the  United  States  are  concerned;  all  rights  of  action,  however,  for  any  breach  of 
this  contract  by  the  contracting  parties  being  reserved  to  the  United  States. 

Article  14.  That  it  is  further  expressly  agreed  and  understood  that  no  member  of 
or  delegate  to  Congress,  officer,  agent,  or  employee  of  the  Government  is  or  shall  be 
admitted  to  any  share  or  part  in  this  contract,  or  to  any  benefits  which  may  arise 
therefrom,  and  the  provisions  of  sections  3739, 3740,  and  3741  of  the  Revised  Statutes 
of  the  United  States,  relating  to  contracts,  enter  into  and  form  a  part  of  this  agree- 
ment BO  far  as  the  same  may  be  applicable. 

In  witness  whereof,  the  undersigned  have  hereunto  subscribed  their  names  and 
affixed  their  seals  the  day  and  date  first  above  written. 

E.  A.  Hitchcock,     [seal.] 
Secretary  of  the  Interior  for  and  on  behalf  of  the 
United  States  of  America^  Party  of  the  First  Part, 
C.  H.  Warren  and  Company, 
By  A.  E.  BucKMAN,  Vice-President, 
A.  J.  Raisch,  Secretary j     [seal.] 

Party  of  the  Second  Part. 
Two  witnesses  to  each  signature: 


P.  0.  address, 

Paul  M.  Nkppert, 

P,  0.  address,  San  Francisco. 

A.  Hammond, 

P.  0,  address,  San  Francisco,  Cal. 
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CRMENT  FOR  TRUCKEE  CANAL. 

In  the  foregoing  contract  the  Secretary  of  the  Interior  agrees  to 
furnish  the  necessary  cement.  To  procure  this,  advertisements  were 
duly  inserted  in  the  usual  papers  calling  for  bids  to  be  opened  on  Sep- 
tember 25, 1903.     The  advertisement  and  specifications  are  as  follows: 

ADVERTISEMENT  FOR  BIDS. 

Sealed  proposals,  in  duplicate,  will  be  received  at  the  office  of  the  (Jnited  States 
Geological  Survey  at  Reno,  Nev.,  until  2  o'clock  p.  m.,  September  25,  1903,  and 
there  publicly  opened,  for  furnishing  about  30,000  barrels  of  Portland  cement  for  us^e 
in  the  construction  of  the  Lower  Truckee  canal,  and  to  be  delivered  f.  o.  b.  at  sta- 
tions between  Clarks,  Nev.,  and  Massey,  Nev.  Specifications  and  full  information 
can  be  obtained  from  L.  H.  Taylor,  resident  engineer,  Reno,  Nev. 

Each  bid  must  be  accompanied  by  a  certified  check,  made  payable  to  the  Secretarj* 
of  the  Interior,  for  3  per  cent  of  the  amount  of  the  bid,  as  a  guaranty  that  the  bidder 
will  enter  into  a  written  contract  with  the  Secretary  of  the  Interior  within  ten  days 
after  the  award  is  made,  and  furnish  bond  in  the  sum  of  50  per  cent  of  the  contract 
price  for  the  faithful  performance  of  the  contract. 

The  Secretary  of  the  Interior  reserves  the  right  to  reject  any  and  all  bids. 

Bidders  are  invited  to  be  present  at  the  opening  of  bids.  Proposals  should  be 
addressed  to  L.  II.  Taylor,  resident  engineer.  United  States  Geologi(ral  Survey, 
Reno,  Nev.,  and  indorsed  on  envelope,  "Proposals  for  furnishing  cement" 

CEMENT  SPECIFICATIONS. 
[Prepared  by  E.  Duryee.] 

1.  Kind  of  cement  required. — ^The  cement  shall  be  a  Portland  cement.  By  the  term 
Portland  cement  is'  to  be  understood  the  material  obtained  by  finely  pulverizing 
clinker  produced  by  burning  to  semifusion  an  intimate  artificial  mixture  of  finely 
ground  calcareous  and  argillaceous  materials,  this  mixture  consisting  approximately 
of  three  parts  of  lime  carbonate  to  one  part  of  silica,  alumina,  and  iron. 

2.  Bidders  and  brands. — Tenders  shall  be  received  only  from  manufacturers  or  their 
authorized  agents,  and  the  name  of  the  brand  offered  shall  in  all  cases  be  stated  in 
the  bid. 

3.  Weight. — The  average  weight  per  barrel  shall  not  be  less  than  375  pounds  net. 
Four  sacks  shall  contain  1  barrel  of  cement.  If  the  weight,  as  determined  by  test 
weighings,  is  found  to  be  below  375  pounds  per  barrel,  the  contractor  may  be 
required  to  supply,  free  of  cost  to  the  United  States,  an  additional  amount  of  cement 
equal  to  the  shortage. 

4.  Packages. — If  the  cement  is  delivered  in  barrels,  the  barrels  shall  be  strong  and 
lined  with  paper,  and  the  cement  shall  l)e  free  from  lumps.  Any  package  broken  or 
containing  damaged  cement  may  be  rejected  by  the  United  States  agent  in  local 
charge. 

5.  Samples  for  testing. — Samples  of  cement  are  to  be  taken  from  the  interior  of  the 
barrels  or  sacks  with  a  suitable  instrument.  Samples  are  to  be  taken  from  every 
tenth  barrel;  they  are  to  be  numbered,  and  the  packages  from  which  they  are  taken 
are  to  be  sealed  and  the  numbers  attached  for  future  identification.  The  quantities 
taken  are  to  be  kept  separate  and  tested  separately. 

6.  Aeration  and  testing. — No  cement  shall  be  shipped  until  at  least  sixty  days  after 
its  manufacture,  and  a  longer  period  may  be  required  by  the  Government  engineer. 
The  engineer  shall  give  notice  in  writing  to  the  contractor  of  the  approximate  amounts 
required  for  cement  shipments  and  of  dates  for  sampling.     The  (contractor  shall  keep 
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in  storage,  in  sacks  or  barrels,  free  of  expense  to  the  United  States,  for  sampling  and 
testing  during  a  {)eriod  of  twenty-eight  days,  such  stocks  of  cement  as  the  engineer 
shall  require. 

7.  Factory  inspection. — The  cement  expert  of  the  Government,  or  his  authorized 
agent,  shall  at  all  times  have  liberty  to  inspect  the  materials,  process  of  manufacture, 
and  daily  laboratory  records  of  analyses  and  tests  at  the  cement  works.  Whenever 
possible,  unsatisiactory  cement  shall  be  rejected  before  shipment  from  the  cement 
works. 

8.  Chemical  compotntion, — The  cement  must  be  a  Portland  cement  of  regular  and 
normal  composition.  It  must  contain  at  least  1 . 7  times  as  much  lime  as  silica,  alumina, 
and  iron  oxide  together.  The  presence  of  over  3  per  cent  of  magnesia,  or  2  per  cent 
of  sulphuric  anhydride,  shall  be  considered  sufficient  ground  for  the  rejection  of  the 
cement.  Adulteration  of  the  cement  by  the  addition  of  any  material  to  the  cement 
after  burning,  with  the  exception  of  not  over  2^  (ler  cent  of  gypsum  or  plaster,  will 
cause  its  rejection.  The  question  of  such  adulteration  may  be  determined  either  by 
chemical  analyses  or  by  inspection  of  the  process  at  the  factory. 

9.  Fineness, — Ninety-five  per  cent,  by  weight,  must  pass  through  a  No.  100  sieve 
having  10,000  meshes  per  square  inch,  the  wire  to  be  No.  40  Stubb's  wire  gauge,  and 
75  per  cent  by  weight  must  jhiss  through  a  No.  200  sieve  having  40,000  meshes  per 
square  mch,  the  wire  to  be  No.  48  Stubb's  wire  gauge. 

Specific  gravity. — ^The  specific  gravity  of  the  cement  shall  not  be  less  than  3. 

10.  Soundness. — Pats  are  to  be  made  of  neat  mortar  of  normal  consistency,  &a  deter- 
mined by  the  Vicat  needle.  The  pats  are  to  be  molded  on  glass  plates.  They  are 
to  be  circular  in  shape,  3  inches  in  diameter,  one-half  inch  thick  in  the  center,  and 
drawn  to  a  thin  edge  at  their  circumferences.  The  pats  are  to  be  kept  under  a  wet 
cloth  until  finally  set.  One  pat  is  then  to  be  put  in  water,  which  will  be  raised  to  the 
boiling  point  for  six  hours.  If  the  pat  softens,  cracks,  or  disintegrates,  the  cement 
is  unsound. 

11.  Time  of  setting. — The  cement  shall  not  acquire  its  initial  set  in  less  than  forty- 
five  minutes,  and  must  acquire  its  final  set  within  twelve  hours.  The  pats  made  to 
test  the  soundness  may  be  used  to  determine  the  time  of  setting.  The  cement  is 
considered  to  have  acquired  its  initial  set  when  the  pat  will  bear,  without  being  appre- 
ciably indented,  a  wire  one-twelfth  inch  in  diameter  loaded  to  weigh  one-fourth 
pound,  or  when  the  1-pound  Gilmore  needle  fails  to  penetrate  completely  through 
the  pat*.  The  final  set  has  been  acquired  when  the  pat  will  bear,  without  being 
appreciably  indented,  the  1-pound  Gilmore  needle. 

Making  briquettes. — In  making  briquettes,  neat  cement  mortar  of  normal  consistency, 
as  determined  by  the  Vicat  needle,  will  be  used.  The  mortar  will  be  thoroughly 
mixed  with  a  trowel  and  kneaded  into  molds  with  the  thumbs,  a  blunt  stick,  or  a 
plunger.  Six  briquettes  will  be  made  from  each  sample.  In  making  sand  briquettes 
the  proportions  shall  be  one  part  by  weight  of  cement  to  three  parts  of  standard 
crushed  quartz  sand  and  about  half  as  much  water  as  is  used  for  neat  briquettes. 
Six  briquettes  will  be  made  from  each  sample. 

12.  Tensile  strength. — The  neat  briquettes,  prepared  as  specified  above,  shall  stand 

a  minimum  tensile  strain  per  square  inch  without  breaking  as  follows: 

Pounds. 

For  one  day  in  air  and  six  days  in  water 450 

For  one  day  in  air  and  twenty-seven  days  in  water 550 

The  sand  mortar  briquettes,  prepared  as  specified  above,  shall  stand  a  minimum 

strain  per  square  inch,  without  breaking,  as  follows: 

Pounds. 

After  one  day  in  air  and  six  days  in  water 175 

After  one  day  in  air  and  twenty-seven  days  in  water 225 

The  above  are  to  be  considered  the  minimum  requirements.  The  tests  of  the  neat 
cement  briquettes  are  to  be  considered  of  less  value  than  the  tests  of  those  made  of 
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sand  and  cement.  The  twenty-eight-day  teste  must  always  be  higher  than  the  seven- 
day  tests. 

A  cement  that  fails  to  meet  any  one  of  the  above  requirements  may  be  rejected . 

13.  Bags. — If  the  cement  is  delivered  in  baghi,  the  empty  bags  shall  be  returned  to 
the  contractor's  agent  at  some  railroad  point  convenient  to  the  works  of  the  Truckee 
project,  and  the  sum  of  10  cents  shall  be  paid  to  the  contractor  for  each  bag  not 
returned  in  serviceable  condition,  it  being  understood  that  all  bags  not  torn  nor  with 
holes  in  them  shall  be  considered  serviceable. 

INVESTIGATIONS  IN  PECOS  TAJAjKY. 

By  W.  M.  Reed. 

It  has  been  publicly  stated  that  irrigation  in  New  Mexico  is  on  the 
decline.  This  may  be  true  for  the  Rio  Grande  Valley,  but  there  is  a 
section  in  the  southeastern  part  of  New  Mexico,  well  known  over  the 
continent  as  the  Pecos  Valley,  where  the  opposite  condition  exists.  It 
is  of  this  region  that  I  wish  to  speak  a  few  words. 

This  section  has  passed  through  the  various  stages  of  development 
common  to  many  Western  districts.  First  known  as  a  portion  of  the 
great  American  desert,  then  as  the  home  of  the  buflfalo,  next  as  the 
disputed  territory  and  battleground  of  the  Comanche  and  Apache,  and 
later  as  the  El  Dorado  of  the  cattleman,  it  is  now  the  home  of  the 
advanced  and  prosperous  American  citizen.  The  Forty-niner,  in  his 
mad  rush  for  gold,  passed  through  one  section  of  this  valley,  over  the 
Butterfield  trail,  without  even  dreaming  that  here  was  to  arise  an 
empire  rivaling  in  wealth  the  gold  fields  of  the  Farther  West. 

It  was  left  for  citizens  of  Utah  first  to  discover  the  possibilities  of 
its  wealth  and  to  begin  its  development  b^-  the  construction  of  small 
canals  and  the  production  of  crops  by  means  of  irrigation.  The  very 
beginning  was  marked  by  success,  for  although  many  minor  failures 
were  made,  as  is  the  case  in  almost  every  new  country,  the  high  prices 
paid  for  agricultural  products  by  the  cattlemen  made  it  possible  for 
the  farmer  to  continue  his  experiments  until  he  thoroughly  understood 
the  conditions  and  was  able  to  obtain  most  wonderful  vields  and  to 
reap  large  financial  returns. 

In  a  comparatively  few  years  the  normal  summer  flow  of  the  rivers 
had  been  appropriated,  and  further  progress,  except  by  more  intense  cul- 
tivation, was  practically  at  an  end.  About  this  time  a  leader  came  out 
of  the  wilderness,  a  keen,  alert  cattleman,  who  saw  the  possibilities  of 
storage  of  the  flood  waters.  A  great  irrigation  system  was  planned, 
and  most  of  the  origmal  projects  have  been  finished.  There  are  now, 
as  a  part  of  this  system,  two  large  reservoirs  foi  impounding  storm 
waters.  One  has  a  maximum  height  of  48  feet  and  a  length  of  1,380 
feet,  submerges  an  area  of  1,980  acres,  and  has  a  storage  capacity  of 
6,300  acre-feet.  The  othei  has  a  maximum  height  of  52  feet  and  a 
length  of  1,686  feet,  submerges  an  arei*  of  8,331  acres,  and  has  a  storage 
capacity  of  83,000  acre-feet. 
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These  dams  arc  of  the  rock-fill  earth-apron  type,  and,  barring  an 
accident  in  1893,  due  to  lack  of  spillway  facilities,  have  proved  to  be 
perfectly  safe  and  satisfactory. 

There  are  60  miles  of  main  canals  and  hundreds  of  miles  of  laterals 
supplied  from  these  reservoirs.  One  of  these  canals  crosses  Pecos 
River.  This  crossing  was  made  by  means  of  a  timber  flume,  but  dur- 
ing the  last  3^ear  this  was  replaced  by  a  modern  arched  concrete  flume, 
strengthened  and  bonded  by  steel  mils.  Thousands  of  acres  are  now 
under  cultivation.  Fruit  is  shipped  out  not  only  by  carloads,  but  by 
trainloads,  and  always  commands  the  top  market  prices.  Land  that 
was  once  considered  worthless  is  now  producing  abundantly,  and  areas 
that  were  mesquite  and  catclaw  jungles  are  now  veritable  gardens. 

Several  hard  problems  have  been  met.  Alkali  and  silt  has  given  the 
usual  scare,  moss  has  choked  the  canals  and  laterals,  and,  worst  of  all, 
discouragement  has  sometimes  attacked  the  farmers.  All  of  these 
troubles  have  been  met  squarely  and  mostly  overcome,  and  the  future 
of  this  part  of  the  Pecos  Valley,  Eddy  County,  dependent  almost 
wholly  upon  the  principle  *' Store  the  floods,"  looks  bright  and 
hopeful. 

Farther  up  the  valley,  in  Chaves  County,  with  Roswell  as  a  center, 
artificial  storage  has  not  yet  been  undertaken.  Here  three  rivers 
formed  by  large  springs  have  furnished  most  of  the  water  used  in 
irrigation,  and  no  water  from  the  Pecos  River  proper  is  used  in  this 
section.  As  these  springs,  which  altogether  have  a  flow  of  nearly  200 
second-feet,  discharge  in  a  comparatively  level  country,  the  work  of 
diverting  and  applying  the  water  has  been  easy,  and  here  some  of 
the  older  and  most  improved  places  can  be  found.  As  yet  there  are 
no  artificial  reservoirs  in  this  vicinity,  but  nature  has  provided  one. 
More  than  on^  hundred  wells,  ranging  in  diameter  from  2  to  8  inches, 
and  varying  in  depth  from  135  to  1,000  feet,  have  been  bored  down  to 
this  reservoir.  The  flow  from  these  wells  ranges  from  a  few  gallons 
to  1,500  gallons  per  minute,  and  no  decrease  has  yet  been  perceptible. 
From  these  wells  alone  large  tracts  of  land  have  been  brought  under 
cultivation,  and  the  area  is  bemg  increased. 

The  Pecos  Valley  is  now  passing  through  the  driest  season  known 
there,  yet,  with  the  science  and  skill  now  acquired,  it  is  standing  the 
ordeal  well,  and  is  prosperous.  Like  other  sections  in  the  arid  West, 
it  is  looking  and  hoping  for  Government  aid  in  the  construction  of 
reservoirs  for  storing  flood  waters. 

Since  the  passage  of  the  reclamation  act  the  engineers  of  the  service 
have  been  doing  considerable  preliminary  work  m  this  section  of  New 
Mexico.  Pecos  River  and  its  tributaries,  from  the  point  where  the 
main  stream  enters  Texas  on  the  south  to  old  Fort  Sumner  on  the 
north,  have  been  examined  with  considerable  care  and  several  projects 
have  been  surveyed  in  detail.  Some  of  these  have  been  temporarily 
passed  by,  not  being  considered  feasible  at  the  present  time,  but  two, 
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known  as  the  Hondo  and  Urton  Lake  projects,  seem  fea8ible,  both  from 
an  engineering  and  financial  standpoint. 

Hondo  River  rises  in  the  White  Mountains  and  joins  the  Peeos  at 
a  point  east  of  Roswell.  The  low-water  flow  has  been  appropriated 
and  flood-water  storage  alone  can  increase  the  area  under  cultivation. 
About  12  miles  west  of  Roswell  is  a  reservoir  site  that  presents  very 
few  engineering  difficulties.  There  are  no  high  or  difficult  dams  to 
build,  only  light  earthwork  dams  protected  with  ripmp  and  inlet  and 
outlet  canals.  The  land  under  this  project  is  very  fertile,  has  all 
been  filed  upon,  and  is  now  in  the  hands  of  people  who  desire  to  culti- 
vate it.  It  is  estimated  that  by  this  project  from  12,000  to  16,000 
acres  will  be  reclaimed,  everv  acre  of  which  will  be  farmed  as  soon  as 
water  is  provided.  The  overflow  population  from  the  rich  section 
about  Roswell  furnishes  men  who  are  ready  to  go  to  work  at  once, 
and  the  land  will  be  as  good  as  the  adjacent  land  which  now  commands 
from  $100  to  $300  an  acre.  It  is  estimated  that  the  initial  cost  for 
irrigating  the  land  under  this  project  will  be  about  $20  an  acre. 

The  area  under  the  Urton  Lake  project  is  all  Government  land 
except  a  few  claims  bordering  the  river.  This  land  is  underlain  by  a 
very  porous  red  sandstone,  which  will  probably  afford  good  subdrainage 
and  prevent  trouble  from  alkali.  The  reservoir  site  is  a  natural  depres- 
sion, well  adapted  to  water  storage,  and  will  hold  190,000  acre-feet 
without  any  expense  except  for  the  outlet  works,  which  will  be  of  red 
sandstone. 

The  works  contemplated  in  this  project  are:  A  dam  and  headworks 
on  Pecos  River,  about  10  miles  above  Fort  Sumner;  about  36  miles  of 
canal,  to  carry  1,500  second  feet  in  times  of  flood;  three  structures  at 
crossings  of  creeks;  the  necessary  outlet  works,  including  a  tunnel 
7,000  feet  long,  and  about  30  miles  of  distributing  canals  on  the  lands 
to  be  irrigated.  A  rough  estimate  of  cost  of  this  project  is  $1,020,050, 
or  $17  per  acre.  There  is  little  doubt  that  this  land  would  all  be 
settled  on  i-apidly,  as  it  is  within  20  miles  of  the  Pecos  Valley  and 
Northeastern  Railroad,  which  line  would  undoubtedly  build  a  branch 
to  this  section. 

There  are,  however,  some  uncertainties  in  connection  with  the 
'  project  which  will  have  to  be  considered,  one  being  the  possibility  that 
the  reservoir  will  not  be  filled  for  some  years.  The  data  relating  to 
stream  measurements  are  not  complete,  and  it  will  be  necessary  to 
continue  the  records  of  the  run-off  of  Pecos  River  during  the  time  the 
surveys  of  the  canal  and  of  the  irrigable  lands  are  being  made  and 
during  the  construction  until  the  works  are  finished.  It  appears  from 
the  best  information  obtainable  that  the  reservoir  could  be  filled  every 
ordinary  year,  but  occasionally  a  dry  year,  such  as  1903,  creates  a 
doubt  as  to  the  possibility  of  always  filling  the  reservoir.  It  is  prob- 
able that  the  seepage  from  the  irrigated  lands  considered  under  these 
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projects  would  eventually  moi'e  than  make  up  for  any  apparent  loss 
below  them  occasioned  by  the  proposed  disposal  of  the  water  from  the 
Pecos  River,  and  that  no  difficulties  would  arise  with  the  Pecos  Irriga- 
tion Company,  which  holds  some  water  rights  150  miles  farther  south. 
Investigations  are  now  l)eing  carried  forward  on  l)oth  of  the  last- 
named  pi*ojects  and  a  later  report  will  give  more  definite  and  detailed 
information. 

EXAMINATIONS  IN  NORTH  DAKOTA. 

By  Charles  H.  Fitch. 

An  effort  was  made  early  in  the  present  field  season  to  locate  a 
possible  project  for  the  reclamation  of  land  in  the  State  of  North 
Dakota.  To  Mr.  F.  E.  Weymouth,  assistant  engineer,  assisted  by  Mr. 
John  N.  Kerr,  assistant  engineer,  was  assigned  the  duty  of  making  a 
reconnaissance  of  the  entire  western  half  of  the  State.  In  the  course 
of  his  investigations  Mr.  Weymouth  visited  every  impoitant  stream 
in  this  region,  making  measurements  of  many  of  them,  following  water- 
course after  watercourse,  and  finally  determined,  with  one  exception, 
that  there  was  no  possible  reclamation  project  which  appeared  to  be  in 
any  way  feasible. 

This  single  exception  is  a  small  body  of  land  close  to  the  western 
boundary  of  North  Dakota,  near  the  mouth  of  Yellowstone  River. 
There  is  very  little  irrigation  from  the  Yellowstone  along  its  course  in 
Montana.  It  rises  in  the  Yellowstone  National  Park,  in  Wyoming,  its 
source  being  in  Yellowstone  Lake,  from  which  it  flows  in  a  general 
northerly  direction.  Entering  Montana  it  flows  eastward  nearly  to 
the  eastern  edge  of  the  State,  when  it  turns  abruptly,  flowing  a  little 
east  of  north.  At  the  turn  of  the  river  the  Northern  Pacific  Railroad 
leaves  it,  and  it  empties  into  the  Missouri  just  beyond  the  line  of 
North  Dakota,  near  the  Great  Northern  Railroad.  The  distance 
between  the  railroads  by  river  is  about  90  miles. 

It  was  decided  to  investigate  the  possibility  of  diverting  the  Yellow- 
stone, and  Mr.  Weymouth  organized  a  field  party  for  this  pui-pose. 
As  this  project  would,  if  feasible,  irrigate  lands  in  Montana  as  well, 
it  was  desirable  to  cover  as  much  land  as  possible  without  regard  to 
State  boundaries,  particularly  as  the  water  supply  is  undoubtedly 
abundant  for  all  lands  that  might  come  under  it.  The  fii*st  line  for 
diversion  was  started  on  the  left  bank  of  the  river  about  40  miles  above 
Glendive,  Mont.  After  running  to  Glendive  it  was  found  that  this 
line  failed  to  reach  the  bench  land  near  Glendive,  and  that  the  line 
would  be  not  only  very  expensive  but  that  it  could  not  reach  an}'  con- 
siderable body  of  land,  the  river  here  being  very  narrow  and  hemmed 
in  by  rough  and  broken  hills. 

Another  attempt  was  then  made  about  H  miles  above  Glendive, 
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also  starting  on  the  left  bank.  This  line  will  undoubtedly  cover  the 
lower  valley  of  the  Yellowstone,  which,  about  45  miles  below  the 
diverting  point,  widens  considerably,  embi-acing  from  the  bench  land 
to  the  river  a  strip  varying  from  1  mile  to  about  5  miles  in  width. 
This  means  that  about  45  miles  of  canal  must  be  constructed  l>efore 
covering  any  land,  and  that  the  amount  which  can  be  irrigated  is  still 
unknown.  The  North  Dakota  land  under  this  project  will  all  proba- 
bly be  bottom  land  or  valley  land  next  to  the  river,  and,  estimating 
from  the  State  map,  will  amount  to  about  20,000  acres. 

IRRKiATION  IN  NORTH  DAKOTA  BY  PUMPING, 

By  F.  A.  Wilder. 

The  purpose  of  this  paper  is  to  state  briefly  some  of  the  conclusions 
reached  as  a  result  of  work  carried  on  during  two  summers  in  the 
western  part  of  North  Dakota,  undertaken  jointly  for  the  State  geo- 
logical survey  and  the  United  States  Geological  Survey. 

Work  was  begun  during  the  summer  of  1902,  with  the  assistance  of 
Mr.  L.  XL  Wood,  of  the  University  of  Chicago,  and  during  the  last 
summer  was  continued  by  two  parties  that  operated  along  the  Missouri 
and  its  tributaries  in  North  Dakota. 

The  average  rainfall  in  the  western  half  of  the  State  is  about  IS 
inches,  and  is  very  often  so  distributed  through  the  growing  months 
as  to  yield,  in  connection  with  the  naturally  fertile  soil,  magnificent 
harvests.  Farming  conditions,  however,  are  rendered  somewhat  uncer- 
tain bv  a  fluctuation  in  rainfall. 

The  Great  Plains  of  North  America,  and  at  least  portions  of  the 
Mississippi  Valley,  seem  to  pass  through  cycles,  or  periods  of  years,  of 
abundant  rainfall,  which  alternate  with  periods  when  rainfall  is  more 
restricted.  At  present,  and  for  three  years  past,  taking  the  area  as  a 
whole,  there  has  been  an  abundance  of  moisture,  and  for  some  States 
an  oversupply.  The  sloughs  of  Iowa,  which  many  predicted  would 
never  be  filled  again,  are  ovei*flowing,  and  floods  have  occurred  dur- 
ing spring,  summer,  and  fall.  During  this  period  of  excess,  western 
North  Dakota  has  enjoyed  rainfall  suflScient  to  bring  to  harvest  abun- 
dant crops.  When  the  sloughs  of  Iowa  dry  out  again,  as  they  surely 
will,  those  who  farm  in  western  North  Dakota  must  irrigate  or  be 
content  with  limited  returns. 

With  even  a  small  fraction  of  the  western  part  of  the  State  under 
irrigation,  the  productiveness  of  the  whole  region  will  be  immensely 
increased.  Every  river  valley  contains  some  land  that  may  be  artifi- 
cially watered.  With  a  few  acres  under  perfect  control,  and  abundant 
range  for  cattle  in  the  rolling  or  broken  land  back  of  the  valley,  10 
men,  combining  farming  with  the  raising  of  cattle,  will  prosper  where 
one  finds  a  living  now. 
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During  the  last  two  summers  over  200,000  acres  along  the  Missouri 
ajid  its  tributaries,  the  Little  Missouri,  Heart,  Knife,  Cannon  Ball, 
Yellowstone,  and  smaller  streams  flowing  in  from  the  north  and  east 
and  standing  20,  40,  60,  and  80  feet  above  water  level,  have  been 
studied.  Five  or  six  large  tracts,  where  from  5,000  to  16,000  acres 
can  be  controlled  by  a  single  enterprise,  have  been  reported  upon  as 
possible  for  development.  Most  of  the  land.  However,  is  in  tracts  of 
from  100  to  2,000  acres,  and  its  development  will  depend  upon  private 
enterprise. 

Perhaps  7,000  acres  in  the  western  part  of  the  State  are  irrigated  to 
some  extent  at  present,  operations  being  most  active  in  Williams 
County.  Coulees  and  creeks  which  empty  into  the  larger  rivers  have 
been  dammed,  and  their  water  has  been  diverted  to  the  creek  benches 
and  river  flats.  Operations  are  generally  confined  to  spring  flooding. 
Heavy  crops  of  oats  and  hay  are  taken  from  land  saturated  with  water 
by  flooding  in  the  spring,  and  there  is  no  record  of  failure  where  this 
plan  has  been  followed,  though  in  some  localities  operations  extend 
back  to  dry  years  when  the  nonflooded  land  about  was  barren. 
Gumbo  flats  treated  to  water  in  this  way  have  changed  their  vegeta- 
tion from  cactus  and  sage  brush  to  a  rich  growth  of  blue-joint  grass, 
which  makes  the  best  of  native  hay  and  compares  well  with  timothy 
in  value  as  fodder. 

Irrigation  by  means  of  reservoirs  in  smaller  tributaries  which  render 
it  possible  to  water  the  flats  of  the  larger  streams,  can  be  carried  much 
further  than  it  is  at  present,  and  is  to  be  recommended  wherever 
practicable.  The  difficulty  which  the  plan  presents  is  found  in  putting 
in  dams  of  sufficient  strength  without  too  great  an  outlay  of  money. 
On  account  of  the  low  gradient  of  the  larger  streams,  the  common 
practice  of  diverting  water  for  irrigation  by  lateral  ditches  wiU  prove 
practical  only  in  rare  instances  in  North  Dakota.  The  presence  of 
va.st  quantities  of  lignite,  however,  along  all  of  the  streams  in  the 
western  part  of  the  State,  renders  worthy  of  consideration  the  plan  of 
pumping  water  from  the  streams  up  to  the  flats.  The  lift  of  course, 
must  be  moderate,  but  many  of  the  flats  do  not  lie  high  above  water 
level  in  the  streams. 

Lignite  is  very  abundant  along  the  Missouri  as  far  south  as  Bis- 
marck, and  below  this  city  is  found  at  a  number  of  points,  though  the 
beds  are  generally  thin.  Outcrops  occur  every  few  miles  along  the 
river  above  Bismarck,  and  prospecting  will  doubtless  reveal  beds  not 
now  exposed.  On  the  Missouri  over  sixty  exposures  more  than  4  feet 
thick  were  measured  during  the  past  summer,  many  of  the  beds 
reaching  a  thickness  of  12  or  15  feet,  and  showing  for  long  distances. 

On  the  Little  Missouri  and  its  tributaries,  coal  is  nearly  continuous 
in  outcrop  and  reaches  a  maximum  thickness  of  40  feet  on  Sand  Creek, 
iKR  9a— 04 14 
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a  tributary  southwest  of  Yule  post-office.  Similar  conditions  hold  for 
the  Heart,  Knife,  Upper  Cannon  Ball,  and  Cedar  rivers.  Lignite  k 
scarce  on  the  lower  Cannon  Ball  and  thick  beds  are  nearly  absent  for 
100  miles  from  its  mouth. 

In  but  two  instances  is  water  now  pumped  for  irrigation  in  North 
Dakota,  lignite  furnishing  the  motive  power.  These  plant^s  are  on  too 
small  a  scale  to  demonstrate  the  highest  possible  value  of  the  method, 
though  their  proprietors  are  well  satisfied  with  the  profits  obtainc^I. 
On  Green  River,  north  of  Dickinson,  Fischer  Brothers  irrigate  about 
80  acres  annually,  the  crops  raised  being  oats,  millet,  potatoes^  and 
garden  products.  A  farm  engine  drives  a  rotary  pump  which  rai^ses 
1,500  gallons  a  minute  15  feet,  an  elevation  sufficient  to  distribute 
water  over  large  areas  on  Green  River  and  similar  streams  in  the  State. 
The  cost  of  the  pump  was  $250,  delivered.  Mr.  Fischer  estimated  that 
his  equipment  irrigates  200  acres  even  in  a  dry  year.  Two  dollars' 
worth  of  coal  was  burned  each  day,  lignite  costing  50  centjs  a  ton  at  a 
neighboring  bank.  Mr.  A.  F.  Rile\',  on  Little  Heart  River,  near 
Gladstone,  in  the  summer  of  1902  was  preparing  to  irrigate  t>0  acres  in 
the  same  way,  using  lignite  from  his  own  bank. 

On  the  smaller  streams  that  do  not  flow  constantly  temporar}^  dam^ 
can  be  thrown  across  the  stream  bed,  and  these  will  retain  water  for 
irrigating  the  adjacent  flats.  The  pump  and  engine  can  be  moved 
from  place  to  place,  and  the  cost  of  ditching  be  thus  greatly-  reduced. 

Estimates  are  now  being  made  as  to  the  cost  of  lifting  water  sufficient 
even  in  dry  years  to  irrigate  these  river  flats  with  elevations  taken  at 
20,  40,  60,  and  80  feet,  and  lignite  costing  from  50  cents  to  $2  a  ton. 
The  results  are  not,  however,  ready  for  publication. 

Away  from  the  streams  it  may  be  practicable  to  use  lignite  for 
pumping  from  wells,  for  water  is  abundant  at  moderate  depths  through- 
out the  lignite  area.  Where  the  area  to  be  irrigated  is  small,  not 
exceeding  100  acres,  and  cheap  assistants  to  care  for  an  engine  are  not 
available,  it  may  be  practicable  to  pump  with  gasoline,  which  ma^*^  be  a 
cheaper  fuel  than  lignite.  Two  landowners  in  Williams  Countj^  are 
now  irrigating  in  this  manner,  and  are  fully  satisfied  with  the  results. 

CONDITIONS  IN   SOUTH   DAKOTA. 

By  Charles  II.  Fitch. 

• 

Work  by  the  reclamation  8ei*vice  in  western  South  Dakota  wa.s  com- 
menced in  May  last  by  Mr.  R.  F.  Walter,  engineer,  who  was  instnicteii 
to  make  a  general  reconnaissance,  particularly  in  the  Black  Hills  and 
the  country  adjacent,  and  to  establish  gaging  stations  on  all  of  the 
important  streams. 

The  Black  Hills,  noted  especially  as  a  mining  region,  are  situated  at 
the  western  edge  of  the  State,  and  arc  encircled  by  two  streams  that 
head  near  together  in  Wyoming  and  flow  in  opposite  directions,  one 
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north  and  the  other  south.  The  first  is  the  north  fork  of  Cheyenne 
Hiver,  or  Belle  Fourche  River;  the  second  is  the  south  fork  of  the 
Cheyenne.  These  streams,  after  completely  circling  the  hills,  join 
nearly  east  of  Deadwood,  60  or  70  miles  away,  forming  Cheyenne 
Hiver,  a  tributary  of  the  Missouri.  All  of  the  streams  flowing  out  of 
the  Hills  are  tributaries  of  one  of  the  forks  of  the  Chevenne. 

On  the  south  fork  of  the  Cheyenne  it  is  possible  that  a  stoi'age 
reservoir  may  be  constructed,  but  the  project  involves  a  high  dam 
*icross  the  river,  and  it  is  doubtful  if  enough  land  could  be  reclaimed 
to  warrant  the  expense;  yet  the  scheme  deserves  further  investiga- 
tion. North  of  the  point  considered  there  are  sites  for  a  number  of 
lesser  projects  which  may  be  developed  from  smaller  streams.  One 
of  these  involves  the  storage  of  water  on  Box  Elder  Creek,  including 
the  water  of  that  stream  and  Rapid  Creek  as  well,  though  it  is  not 
positively  known  that  Rapid  Creek  can  be  diverted  as  suggested. 
The  Belle  Fourche  is  a  flood-flow  stream— that  is,  it  carries  ordinarily 
about  100  second-feet,  which  in  extreme  low  water  drops  to  50  second- 
feet,  but  it  always  has  considerable  flow  after  the  melting  of  snow 
in  the  spring,  and  several  floods  usually  occur  during  the  summer 
months,  when  the  flow  sometimes  amounts  to  5,000  second-feet  for 
sevei'al  dsiys  at  a  time.  During  the  present  season  there  have  been  an 
unusual  number  of  floods.  Just  at  the  town  of  Belle  Fourche,  Red 
Water  Creek  empties  into  the  Belle  Fourche.  It  is  also  a  flood-water 
stream,  but  receives  from  Spearfish  Creek  a  regular  flow  of  considera- 
ble amount.  Some  of  this  stream  is  diverted  and  used  for  irrigation, 
but  about  100  second-feet  flows  continuallj'^  into  the  Belle  Fourche. 

As  a  large  body  of  fine  land  lies  on  the  north  side  of  the  Belle 
Fourche,  and  there  are  several  sites  for  storage  at  a  distance  from  the 
river,  a  feasible  project  seemed  here  to  present  itself. 

The  details  of  the  survey  now  in  progress  and  the  problems  that 
have  arisen  will  be  stated  by  Mr.  Walter,  the  engineer  in  charge. 

SOUTH  DAKOTA  INVESTIGATION'S, 

By  Raymond  F.  Walter. 

Work  was  begun  in  South  Dakota  in  May,  1903,  by  a  preliminary 
examination  of  the  situation.  Various  streams  were  examined,  reser- 
voirs thought  suitable  for  survey  were  reported  upon,  and  gage  rods 
were  set  and  rating  stations  established  on  each  stream,  so  that  the 
available  flow  and  length  of  the  flood  period,  as  well  as  the  monthly 
run-oif,  could  be  determined.  The  principal  streams  studied  were  as 
follows: 

Cheyenne  River,  from  the  Wyoming  line  to  a  point  30  miles  below 
the  mouth  of  Cascade  Creek,  with  a  gaging  station  at  Edgemont, 
S.  Dak.     A  large  reservoir  site  was  found  below  the  mouth  of  Cas- 


212  FIRST   RECLAMATION   SERVICE   CONFERENCE.  [»•>.«= 

cade  Creek,  from  which  a  ditch  35  miles  long  would  water  about 
35,000  acres  of  private  land  known  as  the  W.  G.  flate. 

Beaver  Creek  at  Buffalo  Gap.  The  summer  flow  of  Beaver  Creek 
is  all  used  for  irrigation,  and  the  unilsed  flow  is  not  considered  lai-ge 
enough  for  extensive  reclamation,  although  if  stored  it  would  prob- 
ably help  out  largely  for  lands  now  farmed  which  are  short  of  water- 
French  Creek.  This  stream  has  little  or  no  available  flow  developed 
so  far,  and  the  lands  under  it  are  poor  and  rough. 

Battle  Creek.  There  is  a  gaging  station  established  at  Hermosa^  on 
Battle  Creek.  Along  this  creek  there  are  some  fair  reservoir  site:*, 
with  some  good  land. 

Spring  Creek.  About  9  miles  south  of  Rapid  City  there  is  a  site 
for  a  reservoir  on  Spring  Creek,  with  some  good  lands  under  it,  but 
the  supply  is  doubtful  unless,  upon  further  investigation,  it  is  found 
feasible  to  prevent  loss  from  the  bed  of  the  creek  as  it  flows  through 
the  foothills.  It  is  estimated  that  this  loss  amounts  to  from  50  to  hlO 
per  cent  in  about  4  miles. 

Box  Elder  and  Elk  creeks.  These  streams  furnish  reservoir  sites 
north  of  Rapid  City,  where  water,  together  with  the  available  flow 
from  Rapid  Creek,  might  be  stored  to  irrigate  30,000  to  50,000  acres 
of  first-class  land  situated  on  the  divides  between  Elk  Creek  and  Rapid 
Creek.  This  is  known  as  the  Box  Elder  project,  as  the  reservoir 
selected  is  situated  on  Box  Elder  Creek.  This  project  will  be  investi- 
gated and  the  available  water  supply  determined. 

The  Belle  Fourche  project,  on  which  surveys  are  now  in  progress^ 
is  situated  at  the  northern  extremity  of  the  Black  Hills,  the  water 
supply  being  from  Belle  Fourche  River  and  its  main  tributary.  Red 
Water  Creek.  The  project  is  located  in  Butte  County,  and  its  head- 
works  are  at  the  town  of  Belle  Fourche,  below  the  mouth  of  Red 
Water  Creek.  The  flow  of  Belle  Fourche  River  ranges  from  50  cubic 
feet  per  second  during  low-water  stage  to  5,000  cubic  feet  per  second 
during  flood  season.  The  drainage  area  is  large,  as  it  circles  the  west- 
ern and  northern  part  of  the  Black  Hills,  heading  in  Wyoming,  and 
as  the  flow  is  precipitous  and  the  soil  rather  impervious,  the  run-off 
is  large  and  floods  occur  at  any  time  during  the  summer  months, 
caused  b}'  rain  storms  in  the  hills.  The  Red  Water  has  a  steady  sup- 
ply, fluctuating  but  little  during  the  year.  In  this  drainage  area  there 
is  but  one  important  ditch,  which  is  diverted  from  Red  Water  Creek 
and  irrigates  6,000  or  8,000  acres  lying  on  the  east  side  of  the  Red 
Water  and  the  south  side  of  the  Belle  Fourche.  There  are,  however, 
a  number  of  small  private  ditches  from  Spearfish  Creek,  a  branch  of 
Red  Water  Creek,  but  as  the  lands  thej'^  irrigate  all  lie  directly  adja- 
cent to  the  streams,  much  of  the  water  is  available  as  return  seepage 
on  lower  Spearfish  and  Red  Water  above  the  head  of  the  proposed 
canal. 
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The  first  reservoir  contemplated  under  this  project  is  on  Dry  Creek 

and  is  to  be  formed  by  an  embankment  about  3,600  feet  long,  to  be  of 

earth  riprapped  with  brick,  if  it  is  found  by  further  investigation  and 

tests  that  bricks  can  be  burned  of  sufficient  hardness  from  the  material 

at  hand  at  a  sufficiently  low  cost.     All  permanent  works  on  canal  and 

reservoirs  are  to  be  of  concrete,  as  unlimited  quantities  of  shattered 

rock  for  this  purpose  are  obtainable  by  a  short  haul.     The  inlet  to  this 

reservoir  will  be  8  miles  long,  and  is  surveyed,  located,  and  staked, 

as  well  as  the  outlet  canal  and  the  extension  of  the  main  line,  for  70 

miles,  covering  about  130,000  acres,  nearly  80  per  cent  of  which  is 

vacant  public  land.     The  percentage  of  irrigable  lands  can  not  be 

determined  until  topographic  surveys  have  been  completed  and  the 

lands  classified. 

The  outlet  from  the  Dry  Creek  reservoir  is  located  and  staked  for 
about  30  miles,  covering  all  but  about  15,000  acres  of  the  above- 
mentioned  lands,  and  when  estimates  are  made  it  may  be  found  to  be 
cheaper  to  construct  on  this  line  for  the  main  canal  than  on  the  upper 
line,  which  is  much  rougher  and  longer,  and  the  cost  of  irrigation  of 
lands  between  them  may  be  found  to  be  comparatively  too  great. 
One  other  site  has  been  selected  and  is  being  surveyed.  This, 
known  as  the  Wilson  reservoir,  is  located  18  or  20  miles  east  of  the 
Dry  Creek  reservoir,  and  is  intended  to  furnish  a  water  supply  for  the 
lower  lands.  The  upper  reservoir  will  cover  about  1,500  acres  at 
high-water  contour,  with  greatest  depth  of  45  feet.  It  will  be  pos- 
sible to  convey  water  across  the  river  from  this  reservoir,  where  about 
15,000  acres  of  first-class  land  on  the  south  side  of  the  Belle  Fourche 
can  be  irrigated. 

The  general  elevation  of  the  lands  to  be  irrigated  is  about  3,000  feet 
above  sea  level.  The  soil  ranges  from  a  heavy  clay  to  a  rich  black 
loam,  but  tends  to  become  sticky  "  gumbo"  when  wet,  and  will  be  best 
adapted  to  hay,  grain,  and  some  fruits,  although  sugar  beets,  it  is 
believed,  can  be  grown  profitably.  The  water  in  the  river  carries  con- 
siderable silt  during  floods,  which,  if  deposited  in  the  reservoirs,  would 
require  further  investigation  as  to  the  method  of  clearing  them. 

rNVESTIGATIONS  IN  OREGON. 

By  John  T.  Whistleb. 

There  is  a  general  impression,  particularly  in  the  East,  that  Oregon 
is  a  land  where  the  sun  rarely  shines  and  where  the  people  are  ''web- 
footed."  For  the  purpose  of  correcting  this  wrong  impression  it  is 
necessary  to  call  attention  to  a  few  facts  concerning  Oregon  before 
speaking  of  its  future  irrigation  possibilities  and  of  what  the  reclama- 
tion service  is  doing  in  the  State. 

The  Cascade  Mountains  divide  the  State  into  two  parts,  which  prob- 
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ablj  have  a  greater  diversity  of  interests  and  climate  than  can  be 
found  in  any  other  State  in  the  Union,  not  excepting  California — at 
least  the  line  is  more  clearly  dmwn.  Over  two-thirds  of  the  State,  an 
area  nearly  as  large  as  the  State  of  Washington,  the  average  annual 
rainfall  is  estimated  to  be  less  than  12  inches.  Over  the  western 
third  of  the  State  the  minfall  is  certainly  five  times  as  great. 

It  is  from  the  climatic  conditions  prevailing  in  this  western  part  of 
the  State  that  the  popular  impression  of  the  State  has  been  derived. 
Leaving  out  of  consideration  certain  valleys  in  the  Blue  Mountains. 
we  may  say  that  there  is  as  much  difference  between  these  two  parts 
of  Oregon  as  there  is  between  northern  California  and  Nevada;  in 
fact,  the  central  third  of  the  State  is  a  continuation  of  the  Great 
American  Desert,  where  routes  of  travel  are  determined  by  the  few 
watering  places. 

The  famous  wheat  lands  of  northeastern  Oregon  have  but  about  15 
inches  of  rainfall,  and  50  to  60  bushels  of  wheat  to  the  acre  are  often 
raised  where  the  land  has  to  lie  fallow  for  one  year  in  order  to  obtain 
moisture  enough  for  one  crop. 

To  nine  Easterners  out  of  ten  the  idea  of  building  irrigation  works 
in  Oregon,  the  home  of  the  "  webfooter,"  is  like  carrying  coals  to  New- 
castle, and  yet  two-thirds  of  the  State  averages  less  than  a  foot  of 
rainfall  in  the  year. 

The  condition  of  eastern  Oregon,  and  more  especially  central  Oregon, 
can  in  no  way  be  better  impressed  on  one's  mind  than  by  the  knowl- 
edge of  the  fact  that  the  point  in  the  United  States  most  remote  from 
a  railroad  is  in  central  Oregon.  Three-fourths  of  this  part  of  the 
State,  or  nearly  half  the  entire  State,  is  still  vacant  land,  subject  to 
entry. 

Of  a  population  of  less  than  half  a  million,  over  80  per  cent  is  west 
of  the  Cascades,  and  a  majority  of  the  people  in  eastern  Oregon  have 
come,  in  the  last  decade,  from  "the  valley" — meaning  Willamette 
Valley. 

About  one-quarter  of  the  area  of  the  State  is  occupied  by  the  Blue 
Mountains  and  the  surrounding  valleys.  It  is  in  this  region  and  along 
thv3  eastern  foot  of  the  Cascades  that  the  possibilities  for  irrigation  He. 

The  Deschutes  River  drains  the  northern  two-thirds  of  the  eastern 
slope  of  the  Cascades,  and  the  Klamath  River  the  southern  third. 
The  approximate  run-off  east  of  the  Cascades  is,  roughly,  12,000,00<> 
acre-feet,  which  is  about  30  per  cent  of  the  estimated  precipitation. 
This  is  sufficient  to  irrigate  possibly  3,000,000  to  4,000,000  acres  of 
land,  and  represent^s  the  extreme  limit  of  irrigation  in  the  State,  assum- 
ing that  the  entire  run-off  could  be  utilized.  From  the  present  limited 
investigation  it  seems  improbable  that  more  than  50  per  cent  of  this 
can  ever  be  realized. 
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The  immense  summer  range  for  stock  which  lies  back  of  all  irri- 

^:^a^tion  possibilities,  and  which  will  unquestionably  be  increased  b}^ 

•  >i-<>per  regulation  of  the  forest  reserves  and  future  legislation  regu- 

\%i.t  ing  grazing  on  public  lands,  precludes  any  possibility  that  the  sup- 

\->\y  of  alfalfa  will  ever  equal  the  demand. 

The  reclamation  service  is  making  survej-s  and  other  investigations, 
^>i"eparatory  to  preliminary  and  comparative  estimates  at  the  close  of 
tVie  season,  on  three  projects,  viz: 

(1)  The  Umatilla  project  involves  diversion  and  storage  of  about 
^00,000  acre-feet  of  water  from  Umatilla  River  and  the  reclamation 
of  not  less  than  50,000  acres  of  land,  which  raises  40  to  60  bushels  of 
wheat  to  the  acre  where  it  lies  high  enough  to  receive  15  incihes  of 
rain  during  the  year.  Looking  forward  to  this  project  years  before 
the  reclamation  act  was  suggested,  the  division  of  hydrography  of  the 
Uni^d  States  Geological  Survey  has  had  measurements  of  the  dis- 
charge of  Umatilla  River  made,  covering  a  period  of  eight  years. 
The  discharge  varies  from  300,000  to  600,000  acre-feet  per  year.  A 
weak  point  in  the  project  is  the  lack  of  natural  storage  basins. 

(2)  The  Malheur  project  contemplates  the  storage  of  the  spring  floods 
of  Malheur  River  and  the  diversion  of  this  water  onto  about  40,000  or 
50,000  acres  of  land  lying  just  across  the  Snake  River  from  the  famous 
Weiser  and  Payette  tracts  in  Idaho.  One  of  the  best  examples  of 
irrigation  now  to  be  seen  in  the  State  is  the  famous  "K.  S.  &  D." 
ranch,  the  lands  of  which  are  owned  largely  by  Mr.  Fred  Kiesel, 
of  Ogden,  chairman  of  the  executive  committee  of  this  congress. 
Measurements  made  of  Malheur  River  by  the  United  States  Geolog- 
ical Survey  covering  parts  of  five  years  indicate  a  discharge  of  from 
200,000  to  400,000  acre-feet  per  annum.  Good  reservoir  sites  are 
found  for  this  project.  Long  and  costly  canal  construction  is  the 
drawback  to  the  enterprise. 

(3)  The  Harney  project  consists  of  storing  the  spring  flood  water  of 
Si  Ivies  River  and  diverting  in  onto  lands  in  Harney  Valley,  a  beauti- 
ful valley  comprising  over  600  square  miles,  lying  at  an  altitude  of 
over  4,000  feet.  The  high  altitude  and  the  long  distance  from  trans- 
portation facilities  are,  of  course,  features  of  the  project  that  nmst  be 
considered.  Notwithstanding  the  usual  Fourth  of  July  snowstorm, 
two  crops  of  alfalfa  can  be  matured,  and  some  excellent  gardens  and 
orchards  of  hardy  fruits  are  now  seen.  Measurements  for  determin- 
ing the  amount  of  water  available  are  being  now  carried  on,  and  will 
be  continued  until  construction  is  either  decided  upon  or  definitely 
abandoned. 

The  reclamation  service  is  practically  barred  from  investigation 
looking  to  construction  in  Deschutes  River  basin,  owing  to  three 
Carey  act  projects,  one  of  which  has  been  approved  by  the  Depart- 
ment; and  the  Klamath  region  has  not  yet  been  investigated. 
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The  feeling  is  ver}'  strong  in  eastern  Oregon  that  that  portion  of 
the  redaraation  fund  derived  from  the  sale  of  public  lands  in  the 
State  should  be  s{X5nt  in  the  State,  regardless  of  beneficial  results.  It 
is  a  very  common  belief  that  under  the  law  it  can  not  be  spent  else- 
where. It  is  remembered  that  it  was  in  deference  to  the  wishes  of 
the  late  Congressman  Tongue,  of  this  State,  that  the  clause  which 
provides  that  the  major  portion  of  the  funds  derived  from  the  sale  of 
lands  in  any  State  should  be  spent  in  that  State  in  ten  years  wast 
inserted  in  the  act.> 

The  laws  of  the  State  regarding  water  rights  are  very  primitive, 
and  the  earlier  court  decisions,  given  in  cases  arising  in  the  Willamette 
Valley,  to  the  effect,  practicall}^  that  the  less  water  a  man  has  the 
better  off  he  is,  have  established  precedents  which  will  make  it  diffi- 
cult to  adjudicate  water  rights  in  the  arid  portion  of  the  State,  where 
beneficial  use  must  ultimately  determine  the  right  to  control.  It  is  in 
the  Oregon  statutes  that  one  finds  that  the  notice  of  an  appropriation 
of  water  must  state  among  other  things  how  many  '*  cubic  inches  of 
water,  measured  as  miner's  inches  under  6  inches  pressure,"  etc.,  it  is 
desired  to  appropriate,  and  this  has  stood  on  the  statutes  since  1891- 

The  last  legislature  provided  for  the  appointment  of  an  irrigation 
commission,  to  consist  of  two  attorneys,  two  practical  irrigators,  and 
one  civil  engineer,  familiar  with  irrigation  projects  of  the  State,  to 
report  a  bill  to  the  next  legislature,  convening  in  1905,  repealing  pres- 
ent laws  and  enacting  new  ones,  but  provision  was  not  made  for 
defraying  the  expenses  of  the  commission. 

II^VESTIGATIONS  IN  UTAH. 

Bv  Gkorge  L.  Swendsen. 

BEAR  RIVER. 

* 

Though  Bear  River  is  one  of  the  largest  and  most  important  streams 
in  the  Great  Basin  drainage  area,  nothing  has  yet  been  done  to  effect 
the  storage  of  its  flood  waters.  And  each  year,  from  the  end  of  the 
irrigation  season  in  September  to  the  beginning  in  May,  and  even  after 
the  opening  of  the  season,  a  very  large  volume,  sometimes  as  great  as 
5,000  second-feet,  of  the  water  of  the  Bear  goes  to  make  up  the  amoiuit 
annually  evaporated  from  Great  Salt  Lake. 

The  Bear  has  its  source  in  the  Uinta  Forest  Reserve,  about  60  miles 
southeast  of  Ogden.  The  height  of  the  itinge  of  mountains  forming 
the  watershed  may  be  made  apparent  by  mentioning  the  altitudes:  Bald 
Mountain,  12,250  feet;  Mount  Agassiz,  13,000  feet;  Mount  Wilson, 
13,000  feet,  and  Burro,  12,800  feet,  scattered  in  an  east  and  west 
line  along  the  summit.     The  river  in  its  winding  course  passes  first 
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through  a  section  of  Wj'oming,  flowing  nearly  due  north,  touches  the 
borders  of  Utah  for  a  short  distance,  and  turns  northwestward  into 
Idaho,  reaching  the  northernmost  part  of  its  course  in  the  vicinity  of 
Soda  Springs,  whence  it  turns  southwestward  and  discharges  into 
Great  Salt  Lake,  about  12  miles  northwest  of  Ogden.  Among  the 
important  streams  that  flow  into  the  Bear  in  its  course  are  Rock  Creek 
and  Smiths  Fork,  in  Wyoming;  Thomas  Fork,  Montpelier,  Soda, 
CJottonwood,  and  Mink  creeks,  in  Idaho;  Cub  and  Logan  rivers,  in 
Utah. 

Not  far  from  the  southeastern  border  of  Idaho,  Bear  River  enters  the 
north  end  of  Bear  Lake  Valley,  a  long,  narrow  valley  lying  at  an 
elevation  of  about  6,000  feet  and  covered,  in  the  main,  by  Bear  Lake. 
At  its  entrance  to  Bear  Lake  Valley  the  river  is  considerably  above 
the  level  of  Bear  Lake;  15  miles  farther  down  its  course  it  is  consider- 
ablv  below  the  lake  level. 

Bear  Lake  is  very  deep,  its  area  is  a  little  more  than  100  square 
miles,  and  its  shores  for  the  most  part  are  precipitous,  so  that  a  change 
of  level  of  the  water  in  the  lake  within  reasonable  limits  will  have  but 
little  effect  upon  surrounding  lands. 

The  difliculties  that  may  be  encountered  in  the  construction  of 
channels  from  the  river  to  the  lake  are  scarcely  worthy  of  mention. 

At  the  present  stage  of  the  investigation  it  is  impossible  to  state 
definitely  the  volume  of  unappropriated  water  available  in  Bear  River 
at  its  entrance  to  Bear  Lake  Valley,  but  the  measurements  of  the  last 
year  indicate  that  it  will  approximate  200,000  acre-feet  a  year. 

By  the  combined  flow  of  the  small  streams  the  volume  of  water 
available   for  storage  in   the  lake  would  be  increased  considembly 
beyond  this  amount,  perhaps  to  250,000  acre-feet.     The  possibility  of 
more  fully  utilizing  Bear  River  for  irrigation  has  been  long  under- 
stood by  a  number  of  prominent  citizens  of  southern  Idaho  and  north- 
ern Utah,  but  I  know  of  no  plan  that  promises  general  and  complete 
results.     With  such  a  plan  in  view  the  examinations  made  are  proceed- 
ing on  a  broad  basis,  no  point  of  probable  interest  being  left  out  of  the 
investigation.     The  work  done  indicates  that  there  will  be  greater 
engineering  diflSculties  encountered  in  constructing  the  canal  systems 
necessary  to  properly  utilize  the  river  than  will  be  met  in  the  work  of 
converting  Bear  Lake  into  a  reservoir  to  store  the  water,  and  a  great 
amount  of  investigation  will  be  necessary  to  determine  the  most  feasi- 
ble plan.     The  areas  that  may  be  benefited  by  the  scheme  are  varied 
and  extensive.     The  elevation  of  the  river  with  relation  to  some  of 
the  large  areas  of  vacant  land  in  southeastern  Idaho  is  such  as  to 
make  it  apparently  the  natural  source  of  supply  of  the  water  needed 
to  develop  these  sections,  and  already,  by  private  enterprise,  it  is  sup- 
plying portions  of  the  vast  area  in  the  vicinity  of  Bancroft,  Idaho. 
In  that  district  a  very  large  area  of  arid  land  can  be  reclaimed  from 
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Bear  River.  The  drainage  from  this  area  would  go  into  Portneuf 
Creek,  a  small  stream  of  the  Snake  River  drainage  basin.  This  drain- 
age can  be  intercepted  and  utilized  on  vacant  lands  In  the  western  part 
of  liannock  Count}',  along  the  Oregon  Short  Line  Railroad,  and  it  is 
probable  that  the  canal  system,  when  full}'  extended,  will  reach  into 
the  southwestern  part  of  the  county,  and  return  a  portion  of  the  water 
to  the  Bear  River  drainage. 

As  Bear  River  approaches  the  northern  boundary  of  Utah  further 
opportunities  are  afforded  for  its  utilization.  B}'  preliminary  investi- 
gations it  has  been  found  that  the  shortage  of  water  in  the  northern 
part  of  Cache  Valley  in  Utah  may  be  supplied  from  the  Bear  to 
increase  the  possibilities  of  irrigation  in  that  very  fertile  district. 
Partially  developed  private  enterprises  also  indicate  that  much  of  the 
land  in  the  southern  part  of  Oneida  County,  Idaho,  and  the  western 
part  of  Cache,  and  the  eastern  part  of  Boxelder  counties,  in  Utah,  now 
irrigated  in  part,  may  be  reached  by  canals  from  the  Bear.  As  we 
reach  the  Utah  section  questions  become  much  more  complicated  and 
will  require  careful  consideration.  The  drainage  from  Cache  Valle}', 
one  of  the  oldest  irrigated  sections,  forms  an  important  factor,  and 
storage  on  the  more  important  streams  of  that  section  will  necessarily 
receive  attention.  The  flood  waters  of  that  valley  are  entirely  unap- 
propriated, and  definite  information  relative  to  their  volume  is  alreadv 
available  in  the  records  of  the  United  States  Geological  Survey.  The 
volume  represented  in  the  vested  rights  is  also  well  determined  and 
this  item  will  need  careful  consideration. 

The  vested  rights  of  the  canals  already  taking  water  from  the  Bear 
in  this  section  and  those  of  the  canals  now  in  process  of  development 
are  also  of  vital  importance.  However,  a  t&orough  investigation  of 
the  question  from  all  points  of  view  will  certainly  reveal  a  plan 
whereby  the  great  volume  of  water  which  passes  all  the  head  gates  of 
canals  and  reaches  Salt  Lake  may  be  utilized.  Though  we  may  store 
all  the  unappropriated  waters  of  the  Bear  that  can  be  taken  into  Bear 
Lake,  the  Logan,  with  a  flood  discharge  of  more  than  1,000  second- 
feet,  the  Cub  with  500,  Mink  Creek  with  :1:00,  the  smaller  creeks  with 
an  aggregate  of  more  than  300,  will  all  be  lost  in  the  Great  Salt  Lake. 
Therefore,  while  the  use  of  Bear  Lake  is  a  leading  feature  in  the 
utilization  of  Bear  River,  that  is  by  no  means  the  only  point  at  which 
the  question  of  storage  should  be  considered. 

I  am  fully  aware  that  a  complete  knowledge  of  the  situation  will 
involve  the  investigation  of  the  river  above  Bear  Lake  Valley  and 
even  to  the  headwaters  of  the  streams,  but  the  natural  point  at  which 
to  begin  seemed  to  be  Bear  Lake,  and  we  are  working  from  that  point 
toward  the  mouth  of  the  stream. 

In  conclusion  I  shall  venture  one  more  suggestion  in  connection  with 
Beiir  River  and  its  relation  to  the  plan  for  a  more  complete  supply  of 
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^vater  for  the  populous  part  of  Utah.     Already  a  canal  is  partly 
built  (though  once  pmctically  abandoned,  it  recently  obtained  new 
life)  to  carry  water  from  Bear  River  into  Ogden.     I  am  not  familiar 
^with  the  details  of  the  plan  and  its  contemplated  scope,  but  in  attempt- 
ing to  determine  the  best  use  of  Bear  River  and  at  the  same  time 
keeping  in  mind  the  great  necessity  for  more  water  in  Weber,  Davis, 
and  Salt  Lake  counties,  it  has  seemed  to  me  that  Bear  River  should  be 
considered  in  connection  with  the  latter  question.     Certainly  natural 
conditions  are  such  that  engineering  difficulties  do  not  stand  in  the 
^way  of  a  combination  of  the  Bear,  Weber,  and  Ogden  rivers  irriga- 
tion interests.     1  have  no  detailed  information  in  the  matter,  but  my 
general  information  leads  me  to  this  conclusion.     And  though  there 
may  be  difficulties  which  prohibit  such  a  combination  or  exchange  of 
interests  as  this,  it  seems  to  me  that  the  feasibility  of  using  Bear 
River  water  in  the  portion  of  Utah  referred  to  may  be  properly  con- 
sidered in  connection  tvith  the   Bear  River  enterprise   under  the 
Federal  reclamation  law. 

UTAH  LAKE. 

Utah  Lake  is  a  body  of  water  lying  in  the  north-central  portion  of 
Utah,  and  covering  an  area  of  about  140  square  miles.  It  occupies 
a  prominent  place  in  the  irrigation  systems  of.  the  most  populous 
part  of  the  State,  and  has  aflforded  a  field  for  extended  investiga- 
tions in  almost  every  line  relating  to  irrigation.  The  main  drainage 
to  the  lake  is  from  the  mountains  lying  east  and  southwest  of  the  lake 
valley,  the  principal  streams  being  Provo  and  Spanish  Fork  rivers, 
comparatively  small  streams,  though  with  watersheds  of  considerable 
elevation  and  extent. 

The  only  outlet  from  the  lake  is  through  Jordan  River,  which  drains 
into  Great  Salt  Lake.  All  streams  entering  the  lake  have  been 
developed  for  irrigation  to  the  full  capacity  of  the  flow  during  the 
irrigation  season,  yet  much  of  the  area  apparently  dependent  upon 
this  source  of  supply  is  but  scantily  supplied  with  water.  This  con- 
dition has  suggested  the  idea  of  providing  storage  for  flood  waters 
and  otherwise  increasing  the  available  water  supply.  The  matter  was 
brought  to  the  attention  of  the  reclamation  service  by  the  Utah  arid 
land  commission,  provided  for  by  action  of  the  State  legislature  of 
1902,  and  it  was  urged  by  this  commission  that  this  be  made  the 
Federal  project  to  receive  first  attention  in  Utah. 

Investigations  were  begun  early  in  May  of  this  vear  and  the  entire 
situation  is  being  carefully  examined.  The  plan  of  investigation 
involves  a  thorough  and  complete  study  of  the  prcvsent  use  of  water  in 
the  district,  as  well  as  a  determination  of  the  possibility  of  storing 
and  utilizing  the  flood  waters. 

The  investigations  have  not  progressed  far  enough  to  draw  general 
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conclusions,  and  the  problem  will  necessitate  extended  and  thorough 
exainiiiHtion  of  the  watershed,  the  streams,  the  present  canals,  the 
land.s,  and  all  other  features  which  could  in  any  way  affeot  the  project. 

The  element  of  evaporation  is  important,  and  the  inquiry  will  con- 
sider the  possibility  of  partially  checking  this  serious  loss.  This  may 
involve  a  reduction  of  the  ai'ea  of  the  lake  by  some  means,  or  the 
storage  of  the  water  in  the  mountains,  the  lake  being  eliminated  from 
the  system.  Examinations  of  the  lake  basin  show  that  it  is  very  shal- 
low, and  that  there  is  no  natural  outflow  during  the  summer  months. 

The  following  table  gives  a  summary  of  the  conditions  of  inflow  to 
Utah  Lake  and  losses  by  evaporation  from  the  lake.  It  also  shows  the 
rise  of  the  water  due  to  the  excess  of  inflow  over  evaporation  and  the 
fall  (indicated  by  a  minus  sign)  in  the  months  from  April  to  October, 
inclusive.  The  last  column  of  the  table  shows  the  amount  of  water 
utilized.  By  comparing  the  column  headed  "  Evapoi-ation  "  with  that 
headed  "Utilized"  it  will  be  seen  that  only  a  small  proportion  of  tiie 
water  of  Utah  Lake  is  put  to  beneficial  use.  The  evaporation  is  esti- 
mated at  over  420,0<X)  acre-feet  and  the  amount  utilized  at  less  than 
86,000  acre- feet;  that  is,  less  than  28  per  cent  of  the  amount  evaporated 
is  put  to  beneficial  use. 

.Sammary  of  condiliont  at  f Soft  Laif, 
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WATER  T^WS  OF  UTAH. 

By  F.  S.  Richards. 

At  the  last  se-ssion  of  the  Utah  legi.slature  a  board  of  commissioners, 
consisting  of  five  ;nembers,  known  as  the  Arid  Land  Reclamation 
Fund  Commission,  was  created,  and  in  March,  1903,  the  governor 
appointed  Abraham  F.  Doremus,  Joseph  A.  West,  Hardin  Bennion, 
William  E.  White,  and  L.  R.  Anderson  members  of  said  board.  The 
law  makes  it  the  duty  of  the  commission  to  take  s 
be  necessary  to  secure  the  construction  by  the  Un 
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ment  of  such  reservoii*s  and  irrigation  works  in  this  State  as  are  con- 
templated by  the  national  irrigation  law,  and  to  insure  the  expendi- 
ture therefor  of  such  proportion  of  the  reclamation  fund  provided  by 
said  act  as  should  properly  be  expended  in  this  State;  and  the  com- 
mission is  authorized  to  employ  assistants  and  incur  such  expense  as 
may  be  necessary  to  enable  it  to  carry  out  the  purposes  of  the  State 
law,  an  appropriation  of  $6,000  being  made  for  this  purpose. 

Soon  after  the  commissioners  were  appointed,  the  board  met  and 
considered  the  various  irrigation  and  reservoir  propositions  within 
the  State  which  had  been  suggested  as  worthy  of  Government  atten- 
tion, and,  after  careful  deliberation,  following  the  action  of  the  State 
Irrigation  Congress,  it  selected  the  Utah  Lake  project,  and  employed 
me  to  go  to  Washington  and  present  the  matter  to  the  Department  of 
the  Interior,  which  1  did  in  May  last,  filing  with  the  Secretary  a  state- 
ment showing  the  claims  of  parties  who  had  vested  rights  in  the  lake 
as  a  reservoir,  and  asking  to  have  the  Government  commence  work 
immediately  for  the  purpose  of  determining  the  feasibility  of  the 
project  from  an  engineering  standpoint.  The  request  met  with  favor- 
able action,  and  the  preliminary  work  is  now  in  progress. 

It  is  the  pui'pose  of  the  commission  to  do  all  in  its  power  to  facili- 
tate the  Government  work  and,  when  the  project  is  found  to  be  feas- 
ible, to  assist  in  effecting  such  an  arrangement  as  will  be  satisfactory 
to  the  Department  of  the  Interior  and  the  parties  interested  and  will 
insure  the  early  completion  of  the  work. 

The  legislature  also  passed  a  new  irrigation  law  for  the  State,  which, 
it  is  believed,  will  greatly  promote  the  interests  of  irrigation.  It  is 
designed  to  permanently  settle  titles  to  the  use  of  water  and  to  provide 
for  recording  and  transferring  the  same,  so  that  there  will  be  a  complete 
record  of  such  titles;  also  to  provide  for  the  apportionment  and  dis- 
tribution of  water  and  for  subsequent  appropriations  thereof. 

The  State  engineer  is  authorized  to  make  a  complete  hydrographic 
survey  and  map  of  each  river  system  and  water  source  of  the  State 
and  to  collect  such  facts  as  will,  in  his  judgment,  aid  in  ascertaining 
the  existing  rights  to  the  use  of  water  and  in  determining  the  volume 
of  surplus  or  unappropriated  water,  if  any,  in  each  of  such  streams  or 
sources.  To  him  is  also  given  the  general  supervision  of  surplus  or 
unappropriated  water. 

When  the  State  engineer  has  completed  the  hydrographic  survey  of 
any  river  system  or  water  source  he  must  file  a  written  statement  with 
the  clerk  of  the  district  court  of  the  county  in  which  the  same  is 
situated;  or,  if  the  sj'stem  extends  into  more  than  one  county,  the 
statement  may  be  filed  in  any  county  that  embraces  any  part  of  the 
system  that  the  engineer  shall  select  as  most  convenient  for  the  water 
users.  The  statement  shall  set  forth  the  completion  of  the  survey,  the 
names  and  post-office  addresses  of  all  persons  using  the  water  of  the 
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system,  so  far  as  the  same  are  known  to  the  State  engineer,  and  such 
other  facts  and  information  as  he  may  deem  necessary,  and,  on  the 
filing  of  such  statement,  the  district  court  in  the  county  where  the 
same  is  filed,  shall  have  exclusive  jurisdiction  to  determine  all  wat-er 
rights  on  that  river  system  or  water  source,  in  accordance  with  the 
provisions  of  the  law. 

Within  thirty  days  after  the  filing  of  the  statement  by  the  State 
engineer  the  clerk  of  the  court  must  give  public  notice  that  all  persons* 
claiming  the  right  to  the  use  of  any  of  the  water  of  that  river  system 
or  water  source  nmst  file  a  written  statement  with  the  clerk  of  the 
court  within  six  months  after  the  first  publicatian  of  the  notice,  setting 
forth  their  respective  claims  to  the  use  of  such  water.  This  notice  is 
to  be  published  in  a  newspaper  having  a  general  circulation,  and  to 
be  mailed,  by  registered  letter,  to  each  of  the  persons  whose  names 
and  addresses  are  given  in  the  statement  filed  by  the  State  engineer. 

Each  person  claiming  the  right  to  use  any  of  the  water  of  the  river 
system  or  water  source,  is  required,  within  six  months  after  the  first 
publication  of  the  notice,  to  file  in  the  office  of  the  clerk  of  the  court 
giving  the  notice,  a  statement  in  writing,  which  must  be  signed  and 
verified  by  the  oath  of  the  claimant,  setting  forth,  in  detail,  the  facts 
concerning  his  claim  and  appropriation,  the  details  of  which  are  speci- 
fied in  the  law,  and  any  person  failing  to  make  and  deliver  such  state- 
ment within  said  time  is  forever  barred  from  subsequently  asserting 
any  right  theretofore  acquired  to  the  use  of  the  water  of  the  river 
system  or  water  source  in  question. 

At  the  expiration  of  six  months  after  the  first  publication  of  the 
notice  the  district  court  in  which  the  statements  of  claim  have  been 
filed  may  appoint  a  referee  or  referees  to  take  testimony  and  determine 
the  rights  of  the  claimants  to  the  use  of  the  water.  The  statements 
stand  in  the  place  of  pleadings,  and  the  map  made  by  the  State  engi- 
neer is  prima  facie  evidence  of  the  facts  stated  therein  or  delineated 
thereon.  It  is  made  the  duty  of  the  referee  to  take  testimony,  after 
fifteen  days'  notice  to  the  claimants,  at  such  times  and  places  within 
the  boundaries  of  the  river  system  or  water  source  as  may  be  conven- 
ient to  the  respective  claimants  interested,  and  to  determine  the  rights? 
of  the  claimants.     Contests  are  also  provided  for. 

On  the  completion  of  the  evidence  the  referee  is  required  to  state, 
in  writing,  the  facts  found  by  him  as  to  each  claim  submitted,  and  the 
conclusion  of  law  in  relation  thereto,  and  to  report  the  same,  with  a 
form  of  decree,  to  the  court,  which  may  review  the  report  and  enter 
the  decree  thereon,  or  set  aside,  alter,  or  modify  the  same,  and  enter 
the  decree  as  modified.  The  decree  must  determine  and  establish  the 
rights  of  the  several  claimants  to  the  use  of  the  water,  set  forth  the 
name  and  post-office  address  of  the  claimant,  the  flow  (per  second) 
of  water  entitled  to  be  used,  the  purpose  for  which  the  water  is  to  be 
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used,  tho  tiiue  during  which  it  is  to  be  used  each  year,  the  name  of  the 
stream  or  other  source  from  which  the  water  is  diverted,  the  place 
on  the  stream  or  other  source  where  the  water  is  diverted,  the  priority 
number  of  the  right  and  the  date  of  the  right,  and  such  other  matters 
as  will  fully  and  completely  define  the  right. 

Appeals  to  the  supreme  court  are  provided  for  from  decrees  of  the 
district  court,  and  if  no  appeal  is  taken  within  six  months  after  the 
decree  has  been  entered  it  becomes  final,  and  the  clerk  issues  a  certifi- 
cate in  duplicate,  attested  under  the  seal  of  the  court,  setting  forth 
tho  substance  of  the  decree.  One  copy  of  the  certificate  is  trans- 
mitted in  person  or  by  registered  mail  to  the  appropriator  and  recorded 
in  the  oflice  of  the  county  recorder  of  the  county  in  which  the  water 
ia  diverted  from  its  natural  channel,  and  the  other  is  delivered  to  the 
State  engineer  and  filed  in  his  office. 

The  State  engineer  is  empowered  to  divide  the  State  into  water  divi- 
sions and  subdivide  the  same  into  districts,  which  shall  be  so  consti- 
tuted as  to  secure  the  best  protection  to  the  water  users  and  the  most 
economical  supervision  on  the  part  of  the  State.  A  superintendent  is 
provided  for  each  water  division,  who  is  to  be  appointed  by  the  State 
engineer,  with  the  consent  of  the  governor.  The  superintendent  ap- 
points a  supervisor  for  each  water  district  in  his  division,  who  must 
be  confirmed  by  the  board  of  county  commissioners.  The  superin- 
tendent has  control  of  the  district  supervisors  and  of  the  apportion- 
ment of  the  water  in  the  several  districts  in  his  division,  under  the 
direction  of  the  State  engineer.  The  supervisor  apportions  the  water 
in  the  natural  streams  of  his  district  among  the  several  ditches  taking 
water  therefrom,  according  to  their  respective  rights,  under  the  direc- 
tion of  the  superintendent  of  his  division.  Any  person  may  appeal 
from  the  action  of  any  division  superintendent  or  district  supervisor 
to  the  State  engineer,  who  will  hear  and  decide  the  case. 

Any  person  wishing  in  the  future  to  acquire  the  right  to  the  use  of 
any  of  the  public  water  in  the  State  must,  before  commencing  the 
construction,  enlargement,  or  extension  of  any  ditch  or  other  works 
for  the  purpose,  make  an  application  in  writing  to  the  State  engineer 
(upon  a  blank  to  be  furnished),  which  shall  include  a  map,  profile, 
and  drawings.  Thereupon  the  State  engineer,  at  the  expense  of  the 
applicant,  will  publish  a  notice  for  thirty  days  in  some  newspaper  of 
general  circulation  within  the  boundaries  of  the  river  system  or  water 
source  in  which  the  appropriation  is  to  be  made,  showing  by  whom 
the  application  is  made,  the  quantity  of  water  sought  to  be  appro- 
priated, the  stream  from  which  the  appropriation  is  to  be  made  and 
at  what  point  on  the  stream,  and  the  use  for  which  it  is  to  be  appro- 
priated and  by  what  means. 

Any  person  interested  may,  within  thirty  days  after  the  completion 
of  the  publication  of  the  notice,  tile  with  the  State  engineer,  a  written 
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protest  against  the  granting  of  the  application,  stating  the  reasons 
therefor,  which  will  be  considered  by  the  engineer,  who  will  approve 
all  applications  made  in  proper  form,  where  the  proposed  use  will  not 
impair  the  value  of  existing  rights,  or  be  otherwise  detrimental  to  the 
public  welfare.  Where  there  is  no  unappropriated  water  in  the  pro- 
posed source  of  supply,  or  where  the  proposed  use  will  conflict  with 
existing  rights,  or  threatens  to  prove  detrimental  to  the  pubUc  inter-- 
est,  the  State  engineer  must  reject  the  application.  An  appeal  to  the 
courts  in  allowed  from  such  rejection. 

The  State  engineer  must  require  that  actual  construction  work  shall 
begin  within  ninety  days  from  the  date  of  approval,  and  that  the  con- 
struction of  the  proposed  irrigation  works  shall  be  completed  within  a 
period  of  five  years  from  the  date  of  such  approval.  When  it  appears 
to  his  satisfaction  that  any  appropriation  has  been  perfected  in  accord- 
ance with  the  application  therefor,  he  must  issue  a  certificate,  in 
duplicate,  to  the  party  making  the  same,  setting  forth  the  name  and 
post-office  address  of  the  person  by  whom  the  water  is  to  be  used,  the 
flow  of  water  per  second  to  be  used,  the  purpose  for  which  the  water 
is  to  be  used,  the  time  during  which  the  water  is  to  be  used  each  3'ear, 
the  name  of  the  stream  or  source  from  which  the  water  is  diverted, 
the  place  on  the  stream  or  source  where  the  water  is  to  be  diverted, 
the  priority  number  of  the  right,  the  date  of  the  appropriation,  and 
such  other  matter  as  will  fully  and  completely  define  the  right  of  the 
person  to  the  use  of  the  water.  One  copy  of  the  certificate  is  to  be 
filed  in  the  office  of  the  State  engineer  and  the  other  delivered  to  the 
appropriator  and  recorded  in  the  office  of  the  recorder  of  the  county 
where  the  water  is  diverted  from  the  natural  stream  or  source. 

The  law  declares  that  the  water  of  all  streams  and  other  sources  in 
the  State,  whether  flowing  above  or  under  ground,  in  known  or  defined 
channels,  is  the  property  of  the  public,  subject  to  all  existing  rights 
to  the  use  thereof;  that  the  discharge  of  1  cubic  foot  per  second  of 
time,  which  is  known  as  the  ''second-foot,"  shall  be  the  unit  of  measure- 
ment of  flowing  water,  and  that  the  ''acre-foot"  shall  be  the  unit  of 
measurement  of  quantity;  and  that  "beneficial  use"  shall  be  the  basis, 
the  measure,  and  the  limit  of  all  rights  to  the  use  of  water  in  the  State. 

The  law  also  provides  that  water  rights  shall  be  transferred  by 
deed  in  substantially  the  same  manner  as  real  estate,  except  when  rep- 
resented by  shares  of  stock  in  a  corporation,  and  the  deed  shall  be 
recorded  in  the  office  of  the  recorder  of  the  county  where  the  place  of 
diversion  of  the  water  from  its  natural  channel  is  situated,  and  that 
every  deed  of  water  right  so  recorded  shall,  from  the  time  of  filing 
the  same  with  the  recorder  for  record,  impart  notice  to  all  persons  of 
the  contents  thereof;  and  subsequent  purchasers,  mortgagees,  and 
lien  holders  shall  be  deemed  to  purchase  and  take  with  notice;  that 
every  deed  of  water  right  which  shall  not  be  so  recorded  shall  be  void 
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as  a^inst  any  subsequent  purchaser,  in  good  faith  and  for  a  valuable 
consideration,  of  the  same  water  right  or  any  portion  thereof,  where 
bin  own  deed  shall  be  first  recorded. 

This  is  merely  a  brief  outline,  showing  the  general  scope  of  the 
law,  which  contains  many  details  and  miscellaneous  provisions  that  I 
have  not  enumerated. 

WORK  ON  NORTH  PliATTE  RIVER  IN  WYOMING. 

By  John  E.  Field. 

The  North  Platte  rises  in  northern  Colorado  and  flows  northward  to 
about  the  center  of  Wyoming,  where  it  turns  and  flows  a  little  south 
of  east  into  Nebraska.  The  waters  of  the  main  stream  are  used  very 
little  in  Wyoming,  the  principal  sources  of  supply  being  the  tribu- 
taries, which  have  a  much  greater  fall  per  mile,  and  the  diversion  of 
whose  waters  is  much  more  easily  accomplished.  During  the  irriga- 
ting season,  except  at  time  of  floods,  almost  no  water  reaches  the  main 
stream  from  them. 

Considerable  irrigation  farming  is  done  in  the  North  Platte  Valley 
in  Nebraska  with  water  from  that  river,  so  that,  as  the  water  comes 
from  Colorado,  flows  through  Wyoming,  and  is  used  there  and  in 
Nebraska,  we  may  expect  some  interesting  developments  of  an  inter- 
state character  as  to  water  rights  along  the  North  Platte. 

As  far  as  the  projects  contemplated  under  the  reclamation  law  are 
concerned,  however,  there  appears  to  be  no  danger  of  complications  as 
regards  priority  of  rights.  One  reservoir  now  being  surveyed  has  a 
capacity  sufficient  to  control  all  the  flood  waters  in  an  ordinary  season, 
giving  almost  absolute  control  of  the  flow  of  the  stream  and  permitting 
the  construction  of  ditches  at  any  point  with  an  assured  supply.  Should 
a  canal  be  constructed  above  the  reservoir  the  entire  flow  of  the  river 
could  be  diverted,  and  ditches  lower  down  ox)uld  be  supplied  from  the 
stored  water.  For  the  Government  canals  constructed  below  the 
reservoir  the  stored  water  could  be  drawn  off  as  desired. 

The  reason  of  the  nonuse  of  the  water  of  North  Plate  River  is  appar- 
ent after  a  brief  examination  of  the  district:  Fii*st,  the  fall  of  the  river 
is  but  6  or  6  feet  per  mile;  second,  the  land  bordering  the  stream  lies 
at  a  considerable  elevation,  making  it  necessary  that  a  canal  to  cover 
any  considerable  area  should  be  about  200  feet  above  the  river;  third, 
the  zone  between  the  mesa  and  the  narrow  river  bottoms  is  very 
rough,  and  cut  by  gulches  and  arroyos,  which  will  make  any  canal 
very  crooked  and  construction  very  expensive. 

The  first  work  done  consisted  of  running  a  preliminary  canal  line 
from  Guernsey,  in  the  eastern  part  of  the  State,  into  the  Goshen  Hole, 
to  ascertain  the  probable  cost  and  the  area  that  could  be  irrigated. 
IBR  93—04 15 
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The  canal  starts  at  a  point  about  1  mile  above  Guernsey,  at  the  Nar- 
rows, so  called  on  ac<;ount  of  the  river  being  contracted  at  that  point 
by  a  reef  of  crystalline  limestone,  through  which  the  water  has  cut  an 
excellent  location  for  a  diversion  dam.  The  line  was  started  70  fof  t 
above  low  water,  and  later  increased  to  85  feet,  and  was  carried  at  that 
elevation  into  the  Hole,  the  total  length  of  the  canal  being  140  inile>. 
covering  about  2<)0,()00  acres,  150,000  of  which  are  probably  irrigable. 

To  reach  a  point  about  17  miles  below  the  Narrows  b^'^  the  river,  on 
the  south  side,  it  was  found  that  33  miles  of  canal  was  required,  6  mile?* 
of  which  was  tunnel  or  equally  expensive  cuts,  and  as  much  more  of 
side-hill  work  through  rock.  The  cost  of  this  piece  of  canal  appeared 
to  be  prohibitive,  and  a  line  was  run  on  the  north  side.  Work  on  thi.'* 
is  not  yet  complete,  but  the  indications  are  that  about  4  miles  of  tunnel 
and  as  much  more  of  heavy  side-hill  work  will  be  eliminated,  making 
the  camil  about  8  miles  shorter.  Under  this  plan,  however,  an  inverted 
siphon  nuist  be  built,  with  a  capacity  of  at  least  1,000  second-feet,  and 
preferably  of  1,500  second-feet.  It  must  be  2i  miles  in  length,  and 
under  a  pressure  at  the  lowest  point  of  190  feet  head. 

The  second  piece  of  work  taken  up  was  at  Devils  Gate,  on  Sweet- 
water River,  a  short  distance  above  its  junction  with  North  Platte 
River.  Capt.  Hiram  N.  Chittenden,  of  the  Corps  of  Engineers, 
United  States  Army,  had  mtide  a  report  on  the  site.  During  the  fall 
of  1902  drilling  was  })egun  for  the  purpose  of  testing  the  foundations 
for  the  proposed  dam.  The  water  suppl}',  however,  was  found  to  be 
very  small,  the  maximum  flow  being  about  400  second-feet  and  the 
minimum  5  second-feet,  mostly  seepage.  This  was  very  disappoint- 
ing, as  it  showed  that  the  construction  of  a  large  storage  reservoir  was 
not  possible,  on  account  of  the  small  supply. 

Below  Devils  Gate,  however,  is  a  tract  of  land  which  it  was 
thought  might  be  reclaimed  by  building  a  dam  50  feet  high  instead  of 
90  feet,  as  at  first  contemplated,  which  would  impound  suflScient  water 
to  irrigate  probably  20,000  acres.  The  land  is  rough  in  places,  with 
many  alkali  lakes  and  beds  scattered  over  it.  A  topogmphic  survey- 
was  therefore  made  of  the  area  under  the  canal.  This  survey  has 
been  completed,  but  the  classification  of  the  land  is  not  yet  made.  It 
is  doubtful  if  enough  good  land  will  be  covered  to  justify  the  cost  of 
the  dam,  rights  of  wa}^,  and  canals. 

The  third  piece  of  work  undertaken  was  the  examination  and  sur- 
vey of  a  reservoir  site  on  North  Platte  River,  at  the  mouth  of  the 
Sweetwater,  about  20  miles  below  Devils  Gate.  The  dam  site  is  in  a 
box  canyon,  but  80  feet  wide  at  low-water  mark,  and  160  feet  wide  at 
a  point  157  feet  higher.  The  diamond  drill  has  shown  that  bed  rot*kis 
but  10  feet  below  low  >vater  and  that  it  is  solid  granite,  as  are  aLso 
the  walls  of  the  canyon.     The  dam  as  contemplated  will  have  a  total 
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height  of  19<)  feet,  the  cubical  contents  being  about  75,000  yards. 
The  capacity  of  the  reservoir  is  probably  at  least  760,000  acre-feet, 
possibly  1,000,000  acre- feet.  The  topographic  survey  of  the  reservoir 
has  not  yet  been  completed.  These  figures  will  show  that  the  cost 
per  ai^re-foot  is  remarkably  small.  Drilling,  as  stated,  has  been  done 
at  both  the  Devils  Gate  and  North  Platte  sites  with  very  satisfactory 
results. 

The  problem  of  obtaining  a  suitable  body  of  land  on  which  to  use 
the  water  i*emains  unsolved.  At  present  a  canal  line  is  being  run 
from  Alcova,  some  eight  miles  below  the  reservoir,  to  ascertain  the 
f)ossibilit3'  of  covering  the  mesas  north  and  west  of  Casper.  Should 
this  be  impracticable,  surveys  will  be  made  lower  down  to  find  smaller 
tracts  that  can  be  irrigated  by  the  construction  of  several  smaller 
canals  on  each  side  of  the  river,  some  of  which  will  probably  extend 
into  Nebraska. 

INVESTIGATIONS  IN  WYOMING. 

By  Jebemiah  Ahern. 

PROJECTS  CONSIDERED. 

In  northern  Wyoming  two  projects  are  under  consideration — the 
Lake  De  Smet  project,  in  Johnson  County,  and  the  Shoshone  project, 
in  the  vicinity  of  Cody,  in  Bighorn  County. 

The  Lake  De  Smet  project  was  examined  and  favorably  reported 
upon  a  few  years  ago  by  Capt.  Hiram  N.  Chittenden  of  the  Corps  of 
Engineers,  United  States  Army. 

Soon  after  the  enactment  of  the  reclamation  law,  in  June,  1902, 
surveys  and  investigations  looking  to  the  storage  in  general  of  the 
surplus  water  from  the  eastern  slope  of  the  Bighorn  Mountains,  and 
more  particularly  the  storage  of  some  of  this  water  in  the  Lake  De 
Smet  basin,  were  begun  and  carried  on  during  the  season  of  1902. 
During  the  winter  months  following  preliminary  plans  and  estimates 
of  the  probable  cost  of  the  project  were  made. 

LAKE   DE   SMET  PROJECT. 

Lake  De  Smet  lies  in  the  comparatively  low  rolling  country  east  of 
the  Bighorn  Mountains,  being  about  8  miles  from  their  base.  Its 
drainage  basin  is  only  a  few  square  miles  in  extent,  a  large  part  of  its 
water  supply  apparently  being  seepage  water  from  irrigating  ditches. 
It  has  no  visible  outlet.  The  lake  is  formed  by  a  natural  basin,  the 
present  surface  of  the  water  being  about  3  miles  in  length,  and  having 
an  average  width  of  a  little  more  than  three-fourths  of  a  mile,  com- 
prising an  area  of  1,500  acres.  The  lowest  point  of  the  rim  of  the 
lake  basin  is  30  feet  above  the  present  surface  of  the  water,  and  if  its 
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^ater  sui*face  should  be  raised  to  this  point  the  lake  would  have  a 
storage  capacity  of  about  54,000  acre-feet.  It  is  proposed  to  divert 
the  surplus  water  of  Piney  Creek  into  this  lake  for  storage. 

Pine}^  Creek  drains  a  portion  of  the  eastern  slope  of  the  Big-horn 
Mountains,  some  of  its  tributaries  haying  their  sources  north  of  and 
some  south  of  Cloud  Peak.  This  peak  is  the  highest  point  in  the  Big*- 
horn  Mountains,  its  elevation  being  somewhat  over  13,000  feet.  O'wing 
to  the  high  elevation  of  a  large  part  of  the  drainage  basin  of  Pinej 
Creek,  the  precipitation  and  consequently  the  run-otf  is  comparatively 
large,  the  maximum  discharge  of  the  creek  being  about  1,200  cubic 
feet  per  second.  After  leaving  the  mountains  Piney  Creek  floors 
through  a  rolling  country,  there  being  no  large  area  of  bench  lands  that 
could  be  irrigated  by  its  water.  All  of  the  irrigable  land  is  along  the 
stream  and  its  tributaries,  which  are  for  the  most  part  long,  narrow 
valleys,  and  nearly  all  of  it  is  in  private  ownership. 

A  canal  necessary  to  divert  the  water  of  Piney  Creek  into  Lake  De 
Smet  would  be  about  4  miles  long,  and  most  of  it  would  be  on  ground 
where  the  cost  of  construction  would  not  be  high.  At  the  present 
time  the  only  uncertainty  about  the  project  is  the  water  supply. 

In  August,  1902,  a  gaging  station  was  established  near  the  proposed 
point  of  diversion,  so  that  at  the  end  of  the  present  season  the  first 
definite  knowledge  about  the  water  supply  will  be  recorded. 

The  stored  water  would  be  used  for  irrigating  land  along  Piney  and 
Clear  creeks  and  possibly  along  Prairie  Dog  Creek  in  the  vicinity  of 
Sheridan.  Practically  all  of  the  land  along  Piney  Creek  and  about 
one-half  of  that  along  Clear  and  Prairie  Dog  creeks  are  in  private 
ownership.  All  of  this  land  lies  at  a  comparatively  low  elevation  for 
Wyoming,  between  3,700  and  4,000  feet. 

SHOSHONE  PROJECT. 

The  Shoshone  project  contemplates  the  diversion  of  Shoshone  River 
in  the  canyon  about  6  miles  above  the  town  of  Cody,  and  the  storage 
of  a  portion  of  the  surplus  flow  above  the  canyon.  At  the  upper  end 
of  the  canyon  is  a  good  dam  site,  the  canyon  at  this  point  being  about 
80  feet  wide  with  nearly  vertical  walls  of  sold  granite.  It  has  been 
determined  that  a  dam  200  feet  high  would  store  336,000  acre-feet. 

The  North  Fork  of  Shoshone  River  rises  just  east  of  Yellowstone 
National  Park,  some  of  its  tributaries  having  their  sources  within  the 
park.  It  then  flows  in  a  general  easterly  direction  to  its  junction 
with  the  South  Fork,  coming  from  the  southwest  and  having  its 
source  southeast  of  the  park.  Shoshone  River  then  enters  a  canyon 
about  3  miles  in  length,  about  1,000  feet  deep,  and  65  feet  wide  in  its 
narrowest  place.  A  considerable  portion  of  this  canyon  is  through 
solid  granite,  with  nearly  vertical  walls  in  many  places.  Near  its 
lower  end  are  deposits  from  extinct  geysers  and  hot  springs  and  at 
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a  few  places  along  the  north  side  are  large  areas  covered  with  slide 
roek.  The  discharge  of  Shoshone  River  during  1903  was  more  than 
one  million  acre-feet. 

It  is  proposed  to  take  the  water  out  near  the  head  of  the  canyon, 
on   the  north  side,  at  such  an  elevation  as  will  bring  it  on  the  high 
bench  at  the  mouth  of  the  canyon.     The  water  will  be  conveyed  along 
the  side  of  the  canyon  in  a  suitable  conduit,  consisting  in  part  of 
tunnels  and  canals.     After  leaving  the  canyon  there  are  several  wide 
draws  or  ravines  that  cross  the  irrigable  land  at  right  angles  to  the 
general  direction  of  the  canal,  the  crossing  of  which  will  add  con- 
siderable to  the  cost.     It  is  probable  that  the  most  economical  way 
of  crossing  these  draws  will  be  by  means  of  inverted  siphons,  con- 
structed possibly  of  steel  or  concrete  pipes. 

The  land  that  would  be  reclaimed  by  this  project  extends  along  the 

north  or  left  bank  of  Shoshone  River  for  a  distance  of  about  40  miles, 

and  comprises  somewhat  over  100,000  acres,  nearly  all  of  which  is 

irrigable.     This  land  lies  at  an  elevation  of  from  4,100  to  5,100  feet. 

The  Cody  branch  of  the  Burlington  Railroad  passes  through  it  for  a 

distance  of  35  miles,  the  town  of  Cody  being  on  the  opposite  side  of 

the  river,  and' near  its  upper  end.     The  town  of  Garland  is  on  the 

lower  portion  of  this  land.     With  the  exception  of  four  or  five  small 

ranches  nearly  all  of  this  land  has  been  segregated  by  the  State  under 

the  provisions  of  the  Cary  law,  but  owing  to  the  magnitude  of  the 

enterprise  its  promoters  have  been  unable  to  obtain  the  necessary 

capital  for  construction.     It  is  understood  that  if  the  Government 

shall  undertake  the  construction  of  this  project,  the  land  will  be 

released  to  the  Secretary  of  the  Interior,  and  that  the  water  right  will 

go  with  it. 

It  is  not  expected  that  there  will  be  any  complications  over  water 
rights  or  any  difficulties  to  overcome  in  reaching  an  agreement  with 
landowners.  All  of  the  public  land  under  the  project  not  segregated 
by  the  State  has  been  withdrawn  from  entry  other  than  homestead. 

A  topographic  survey  by  plane-table  methods  was  made  of  a  strip 
along  the  north  side  of  the  canyon,  the  distance  between  its  limiting 
contours  being  140  feet  in  vertical  height.    The  length  of  this  strip 
is  about  Si  miles,  and  its  area  covera  all  feasible  locations  for  con- 
duit lines.     The  scale  of  this  map  is  100  feet  to  an  inch,  the  contour 
interval  5  feet.     On  this  map  the  most  feasible  location  will  be  made 
and  from  it  all  of  the  preliminary  plans  and  estimates.     For  the  pri- 
mary horizontal  control  of  this  map  a  base  line  7,170  feet  in  length 
was  located  on  the  bench  below  the  mouth  of  the  canyon  and  measured 
with  a  300-foot  steel  tape.     From  this  base  a  triangulation  was  carried 
into  the  canyon  by  locating  stations  on  both  sides  of  the  canyon,  so  as 
to  form  well-conditioned  quadrilaterals.    All  of  the  angles  were  then 
measured  with  a  transit  and  the  sides  of  the  triangles  were  computed. 
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Tbe  stations  were  plotted  on  the  plane  table  sheets  by  taking  anj*  one 
triangle  and  laying  off  one  of  its  sides  on  the  sheet  in  approximately 
its  proper  position.  This,  of  course,  gave  two  points  of  the  triang-le. 
Calling  this  line  the  base  of  the  triangle,  the  third  point  was  plotted 
by  laying  off  at  its  proper  place  the  altitude  of  the  triangle.  In  this 
particular  survey  this  method  was  found  more  convenient  than  com- 
puting the  rectangular  coordinates  of  each  station  referred  to  a  com- 
mon origin.  The  sheets  were  joined  by  using  a  line  common  to  two 
sheets. 

For  vertical  control  a  line  of  levels  was  carried  up  the  canyon 
approximately  along  the  top  contour  and  then  down  the  canyon  along- 
the  lower  portion  of  the  area,  thus  forming  a  closed  circuit. 

SURVEY   OP  IRRIGABLE  LAND. 

The  irrigable  land  is  being  mapped  on  a  scale  of  1,000  feet  to  an 
inch.  The  contour  interval  is  10  feet.  The  horizontal  control  of  this 
survey  depends  on  the  primary  triangulation  carried  across  northern 
Wyoming  by  the  topographic  branch  during  the  years  1896-1898. 
One  of  the  azimuth  stations  of  this  triangulation — Corbett — is  on  the 
left  bank  of  Shoshone  River,  and  about  10  miles  below  the  upper  end 
of  the  irrigable  land. 

A  point  from  which  three  of  the  primary  stations — Hart  Mountain, 
McCuUoch,  and  Cedar  Mountain — are  visible  was  selected,  Sk  miles 
noi*thwest  of  the  azimuth  station,  and  the  angles  at  this  point  sub- 
tended by  the  three  primary  stations  were  measured  with  a  transit 
reading  to  30  seconds.  These  angles,  together  with  the  known  j)osi- 
tions  of  the  primary  stations,  gave  data  for  computing  the  length  of 
the  line  to  the  azimuth  station.  This  line  was  then  used  for  a  base 
for  developing  the  triangulation  over  the  area  under  survey.  Stations 
were  selected  from  3  to  7  miles  apart,  and  so  located  that  well-condi- 
tioned quadrilaterals  would  be  formed.  The  angles  of  each  quadri- 
lateml  were  measured  with  a  transit  reading  to  30  seconds.  The  angles 
of  each  triangle  were  arbitrarily  adjusted  and  the  sides  computed,  also 
the  rectangular  coordinates  of  each  station,  the  axes  of  coordinates 
being  a  meridian  through  the  azimuth  station  and  a  line  perpendicular 
to  it.  Owing  to  the  comparatively  small  area,  about  200  squai*e  miles, 
reductions  taking  into  account  the  curvature  of  the  earth  were  not 
deemed  necessary.  As  a  check  on  the  work  a  side  of  a  quadrilateral 
near  the  lower  end  of  the  work  was  measured  roughly  with  a  800- foot 
steel  tape.  A  connection  also  was  made  with  the  base  line  used  for 
the  canj^on  triangulation. 

The  stations  were  plotted  on  detail  paper,  from  which  they  were 
transferred  to  the  plane-table  sheets  by  pricking  through,  the  two 
scales  being  the  same. 
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The  vertical  control  depends  on  a  line  of  primary  levels  of  the  topo- 
graphic branch  that  crosses  the  area. 

With  the  exception  of  the  triangulation  and  leveling  the  plane  table 
was  used  in  all  topographic  work.  Wherever  land-office  corners  were 
found,  connections  with  them  were  made. 

WORK  IN  WASHINGTOK. 

By  T.  A.  Noble. 

The  State  of  Washington  may  be  divided  into  two  sections  which 
are  wholly  different  in  climate,  soil,  flora,  and  fauna.  The  western 
section,  including  the  Puget  Sound  region,  is  humid,  heavily  tim- 
bered, very  irregular  in  topography,  and  has  numerous  small  streams 
flowing  from  the  mountains  into  Puget  Sound  and  the  Pacific  Ocean. 
The  mean  annual  rainfall  is  somewhat  over  50  inches. 

The  eastern  section,  which  is  the  part  of  the  State  that  is  suscepti- 
ble of  improv^ement  by  irrigation,  includes  the  great  plains  of  the 
Columbia  River  Valley  and  the  valleys  of  a  number  of  tributaries,  and 
is  arid  and  semiarid.  The  higher  portion  of  this  section  is  mountain- 
ous, and  bears  a  sparse  growth  of  pine.  It  is  drained  entirely  by 
Columbia  River  and  its  tributaries.  The  mean  annual  rainfall  is  about 
16  inches. 

The  line  between  these  two  sections  is  sharply  defined  by  the  sum- 
mits of  the  Cascade  Mountsxins,  which  extend  in  an  irregular  line  from 
the  Canadian  boundarv  southward  to  Columbia  River,  near  the  one 
hundred  and  twenty-first  meridian. 

In  the  central-southern  portion  of  the  eastern  section  are  the  great 
plains  of  Columbia  River,  known  as  the  Big  Bend  country,  the  surface 
of  which  is  an  enormous  lava  overflow,  lying  between  the  Rocky  and 
Cascade  mountains  on  the  cast  and  the  west,  respectively,  and  a  low 
range  of  mountains  on  the  north,  near  the  Canadian  boundary.  This 
plain,  in  its  northern  and  eastern  parts,  lies  at  an  elevation  of  from 
2,300  to  2,800  feet  above  sea  level  and  gradually  slopes  toward  the 
south  and  east  to  the  junction  of  Snake  and  Columbia  rivers.  Through 
this  plain  Columbia  River  has  cut  an  irregular  channel,  reaching  in 
places  a  depth  of  2,000  feet.  The  Columbia,  where  it  crosses  the  Cana- 
dian boundary,  is  about  1,300  feet  above  sea  level.  The  lowest  por- 
tion of  this  land  is  at  the  junction  of  Snake  and  Coluuibia  rivers,  where 
it  is  about  300  feet  al)ove  sea  level.  The  area  lying  below  1,000  feet 
is  relatively  small,  so  that  it  is  physically  impossible  to  utilize  the 
Columbia  to  irrigate  any  large  part  of  this  land,  for  it  would  rec^uire 
a  canal  200  miles  long  to  take  water  from  the  Columbia  River. 

On  the  upper  levels  of  this  plain — that  part  lying  above  an  elevation  of 
2,000  feet — is  the  f3,mous  wheat  land  of  eastern  Washington,  comprising 
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system,  so  far  tis  the  same  are  known  to  the  State  engineer,  and  such 
other  facts  and  information  as  he  may  deem  necessary,  and,  on  the 
filing  of  such  statement,  the  district  court  in  the  county  where  the 
same  is  filed,  shall  have  exclusive  jurisdiction  to  determine  all  water 
rights  on  that  river  system  or  water  source,  in  accordance  with  the 
provisions  of  the  law. 

Within  thirty  days  after  the  filing  of  the  statement  by  the  State 
engineer  the  clerk  of  the  court  must  give  public  notice  that  all  persons 
claiming  the  right  to  the  use  of  any  of  the  water  of  that  river  system 
or  water  source  must  tile  a  written  statement  with  the  clerk  of  the 
court  within  six  months  after  the  first  publicatian  of  the  notice,  setting 
forth  their  respective  claims  to  the  use  of  such  water.  This  notice  is 
to  be  published  in  a  newspaper  having  a  general  circulation,  and  to 
be  mailed,  by  registered  letter,  to  each  of  the  persons  whose  names 
and  addresses  are  given  in  the  statement  filed  by  the  State  engineer. 

Each  person  claiming  the  right  to  use  any  of  the  water  of  the  river 
system  or  water  source,  is  required,  within  six  months  after  the  first 
publication  of  the  notice,  to  file  in  the  oflSce  of  the  clerk  of  the  court 
giving  the  notice,  a  statement  in  writing,  which  must  be  signed  and 
verified  by  the  oath  of  the  claimant,  setting  forth,  in  detail,  the  facts 
concerning  his  claim  and  appropriation,  the  details  of  which  are  speci- 
fied in  the  law,  and  any  person  failing  to  make  and  deliver  such  state- 
ment within  said  time  is  forever  barred  from  subsequently  asserting 
any  right  theretofore  acquired  to  the  use  of  tho  water  of  the  river 
system  or  water  source  in  question. 

At  the  expiration  of  six  months  after  the  first  publication  of  the 
notice  the  district  court  in  which  the  statements  of  claim  have  been 
filed  may  appoint  a  referee  or  referees  to  take  testimony  and  determine 
the  rights  of  the  claimants  to  the  use  of  the  water.  The  statements 
stand  in  the  place  of  pleadings,  and  the  map  made  by  the  State  engi- 
neer is  prima  facie  evidence  of  the  facts  stated  therein  or  delineated 
thereon.  It  is  made  the  duty  of  the  referee  to  take  testimony,  after 
fifteen  days'  notice  to  the  claimants,  at  such  times  and  places  withia 
the  boundaries  of  the  river  system  or  water  source  as  may  be  conven- 
ient to  the  respective  claimants  interested,  and  to  determine  the  rights 
of  the  claimants.     Contests  are  also  provided  for. 

On  the  completion  of  the  evidence  the  referee  is  required  to  state, 
in  writing,  the  facts  found  by  him  as  to  each  claim  submitted,  and  the 
conclusion  of  law  in  relation  thereto,  and  to  report  the  same,  with  a 
form  of  decree,  to  the  court,  which  may  review  the  report  and  enter 
the  decree  thereon,  or  set  aside,  alter,  or  modify  the  same,  and  enter 
the  decree  as  modified.  The  decree  must  determine  and  establish  the 
rights  of  the  several  claimants  to  the  use  of  the  water,  set  forth  the 
name  and  post-oflSce  address  of  the  claimant,  the  flow  (per  second) 
of  water  entitled  to  be  used,  the  purpose  for  which  the  water  is  to  be 
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used,  tho  time  during  which  it  in  to  be  used  each  yeur,  the  name  of  the 
stream  or  other  source  from  which  the  water  is  diverted,  the  place 
on  the  stream  or  other  source  where  the  water  is  diverted,  the  priority 
number  of  the  right  and  the  date  of  the  right,  and  such  other  matters 
as  will  fully  and  completely  define  the  right. 

Appeals  to  the  supreme  court  are  provided  for  from  decrees  of  the 
district  court,  and  if  no  appeal  is  taken  within  six  months  after  the 
decree  has  l>een  entered  it  becomes  final,  and  the  clerk  issues  a  certifi- 
cate in  duplicate,  attested  under  the  seal  of  the  court,  setting  forth 
tlie  substance  of  the  decree.  One  copy  of  the  certificate  is  trans- 
mitted in  pei-son  or  by  registered  mail  to  the  appropriator  and  recorded 
in  the  ofiice  of  the  county  recorder  of  the  county  in  which  the  water 
is  diverted  from  its  natural  channel,  and  the  other  is  delivered  to  the 
State  engineer  and  filed  in  his  office. 

The  State  engineer  is  empowered  to  divide  the  State  into  water  divi- 
sions and  subdivide  the  same  into  districts,  which  shall  be  so  consti- 
tuted as  to  secure  the  best  protection  to  the  water  users  and  the  most 
economical  supervision  on  the  part  of  the  State.  A  superintendent  is 
provided  for  each  water  division,  who  is  to  be  appointed  by  the  State 
engineer,  with  the  consent  of  the  governor.  The  superintendent  ap- 
points a  supervisor  for  each  water  district  in  his  division,  who  must 
be  confirmed  by  the  board  of  county  commissioners.  The  superin- 
tendent has  control  of  the  district  supervisors  and  of  the  apportion- 
ment of  the  water  in  the  several  districts  in  his  division,  under  the 
direction  of  the  State  engineer.  The  supervisor  apportions  the  water 
in  the  natural  streams  of  his  district  among  the  several  ditches  taking 
water  therefrom,  according  to  their  respective  rights,  under  the  direc- 
tion of  the  superintendent  of  his  division.  Any  person  may  appeal 
from  the  action  of  any  division  superintendent  or  district  supervisor 
to  the  State  engineer,  who  will  hear  and  decide  the  case. 

Any  person  wishing  in  the  future  to  acquire  the  right  to  the  use  of 
any  of  the  public  water  in  the  State  must,  before  commencing  the 
construction,  enlargement,  or  extension  of  any  ditch  or  other  works 
for  the  purpose,  make  an  application  in  writing  to  the  State  engineer 
(upon  a  blank  to  be  furnished),  which  shall  include  a  map,  profile, 
and  drawings.  Thereupon  the  State  engineer,  at  the  expense  of  the 
applicant,  will  publish  a  notice  for  thirty  days  in  some  newspaper  of 
general  circulation  within  the  boundaries  of  the  river  system  or  water 
source  in  which  the  appropriation  is  to  be  made,  showing  by  whom 
the  application  is  made,  the  quantity  of  water  sought  to  be  appro- 
priated, the  stream  from  which  the  appropriation  is  to  be  made  and 
at  what  point  on  the  stream,  and  the  use  for  which  it  is  to  be  appro- 
priated and  by  what  means. 

Any  person  interested  may,  within  thirty  days  after  the  completion 
of  the  publication  of  the  notice,  file  with  the  State  engineer,  a  written 
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protest  against  the  granting  of  the  application.,  stating  the  reasons 
therefor,  which  will  be  considered  by  the  engineer,  who  will  approve 
all  applications  made  in  proper  form,  where  the  proposed  use  will  not 
impair  the  value  of  existing  rights,  or  be  otherwise  detrimental  to  the 
public  welfare.  Where  there  is  no  unappropriated  water  in  the  pro- 
posed  source  of  supply,  or  where  the  proposed  use  will  conflict  with 
existing  rights,  or  threatens  to  prove  detrimental  to  the  public  inter- 
est, the  State  engineer  must  reject  the  application.  An  appeal  to  the 
courts  is  allowed  from  such  rejection. 

The  State  engineer  must  require  that  actual  construction  work  shall 
begin  within  ninety  days  from  the  date  of  approval,  and  that  the  con- 
struction of  the  proposed  irrigation  works  shall  be  completed  within  a 
period  of  five  years  from  the  date  of  such  approval.  When  it  appears 
to  his  satisfaction  that  any  appropriation  has  been  perfected  in  accord- 
ance with  the  application  therefor,  he  must  issue  a  certificate,  in 
duplicate,  to  the  party  making  the  same,  setting  forth  the  name  and 
post-office  address  of  the  person  by  whom  the  water  is  to  be  used,  the 
flow  of  water  per  second  to  be  used,  the  purpose  for  which  the  water 
is  to  be  used,  the  time  during  which  the  water  is  to  be  used  each  year, 
the  name  of  the  stream  or  source  from  which  the  water  is  diverted, 
the  place  on  the  stream  or  source  where  the  water  is  to  be  diverted, 
the  priority  number  of  the  right,  the  date  of  the  appropriation,  and 
such  other  matter  as  will  fully  and  completely  define  the  right  of  the 
person  to  the  use  of  the  water.  One  copy  of  the  certificate  is  to  be 
filed  in  the  oflSce  of  the  State  engineer  and  the  other  delivered  to  the 
appropriator  and  recorded  in  the  office  of  the  recorder  of  the  county 
where  the  water  is  diverted  from  the  natural  stream  or  source. 

The  law  declares  that  the  water  of  all  streams  and  other  sources  in 
the  State,  whether  flowing  above  or  under  ground,  in  known  or  defined 
channels,  is  the  property  of  the  public,  subject  to  all  existing  rights 
to  the  use  thereof;  that  the  discharge  of  1  cubic  foot  per  second  of 
time,  which  is  known  as  the  ''  second-foot,"  shall  be  the  unit  of  measure- 
ment of  flowing  water,  and  that  the  "acre-foot"  shall  be  the  unit  of 
measurement  of  quantity;  and  that  "beneficial  use"  shall  be  the  basis, 
the  measure,  and  the  limit  of  all  rights  to  the  use  of  water  in  the  State. 

The  law  also  provides  that  water  rights  shall  be  transferred  by 
deed  in  substantially  the  same  manner  as  real  estate,  except  when  rep* 
resented  by  shares  of  stock  in  a  corporation,  and  the  deed  shall  be 
recorded  in  the  office  of  the  recorder  of  the  county  where  the  place  of 
diversion  of  the  water  from  its  natural  channel  is  situated,  and  that 
every  deed  of  water  right  so  recorded  shall,  from  the  time  of  filing 
the  same  with  the  recorder  for  record,  impart  notice  to  all  persons  of 
the  contents  thereof;  and  subsequent  purchasers,  mortgagees,  and 
lien  holders  shall  be  deemed  to  purchase  and  take  with  notice;  that 
every  deed  of  water  right  which  shall  not  be  so  recorded  shall  be  void 
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as  against  any  subsequent  purchaHer,  in  good  faith  and  for  a  valuable 
consideration,  of  the  same  water  right  or  any  portion  thereof,  where 
his  own  deed  shall  be  first  recorded. 

This  is  merely  a  brief  outline,  showing  the  general  scope  of  the 
law^  which  contains  many  details  and  miscellaneous  provisions  that  I 
have  not  enumerated. 

WORK  ON  NORTH  PliATTE  RIVER  IN  WYOMING. 

By  John  E.  Field. 

The  North  Platte  rises  in  northern  Colorado  and  flows  northward  to 
about  the  center  of  Wyoming,  where  it  turns  and  flows  a  little  south 
of  east  into  Nebraska.  The  waters  of  the  main  stream  are  used  very 
little  in  Wyoming,  the  principal  sources  of  supply  being  the  tribu- 
taries, which  have  a  much  greater  fall  per  mile,  and  the  diversion  of 
whose  waters  is  much  more  easily  accomplished.  During  the  irriga- 
ting season,  except  at  time  of  floods,  almost  no  water  reaches  the  main 
stream  from  them. 

Considerable  irrigation  farming  is  done  in  the  North  Platte  Valley 
in  Nebraska  with  water  from  that  river,  so  that,  as  the  water  comes 
from  Colorado,  flows  through  Wyoming,  and  is  used  there  and  in 
Nebraska,  we  may  expect  some  interesting  developments  of  an  inter- 
state character  as  to  water  rights  along  the  North  Platte. 

As  far  as  the  projects  contemplated  under  the  reclamation  law  are 
concerned,  however,  there  appears  to  be  no  danger  of  complications  as 
regards  priority  of  rights.  One  reservoir  now  being  surveyed  has  a 
capacity  sufficient  to  control  all  the  flood  waters  in  an  ordinary  season, 
giving  almost  absolute  control  of  the  flow  of  the  stream  and  permitting 
the  construction  of  ditches  at  any  point  with  an  assured  supply.  Should 
a  canal  be  constructed  alwve  the  reservoir  the  entire  flow  of  the  river 
could  be  diverted,  and  ditches  lower  down  could  be  supplied  from  the 
stored  water.  For  the  Government  canals  constructed  below  the 
reservoir  the  stored  water  could  be  drawn  off  as  desired. 

The  reason  of  the  nonuse  of  the  water  of  North  Plate  River  is  appar- 
ent after  a  brief  examination  of  the  district:  First,  the  fall  of  the  river 
is  but  5  or  6  feet  per  mile;  second,  the  land  bordering  the  stream  lies 
at  a  considerable  elevation,  making  it  necessary  that  a  canal  to  cover 
any  considerable  area  should  be  about  200  feet  above  the  river;  third, 
the  zone  between  the  mesa  and  the  narrow  river  bottoms  is  very 
rough,  and  cut  by  gulches  and  arroyos,  which  will  make  any  canal 
very  crooked  and  construction  very  expensive. 

The  first  work  done  consisted  of  running  a  preliminary  canal  line 
from  Guernsey,  in  the  eastern  part  of  the  State,  into  the  Goshen  Hole, 
to  ascertain  the  probable  cost  and  the  area  that  could  be  irrigated. 
IBB  93—04 15 
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the  same  under  the  laws  of  Congress.  To  so  hold  would  uphold  the  view  that  a 
State  might  interfere  with  the  primary  disposal  of  the  land  of  the  National  Gh 
ment.  When  a  party  has  obtained  title  to  property  from  the  National  Gov« 
the  State  Government  has  no  right  to  destroy  that  title  except  under  the  power  of 
eminent  domain.  The  State  of  Montana  can  not  step  in  and  say,  ^^The  right  to  the 
water  of  Sage  Creek,  which  the  plaintiff  acquired  under  the  laws  of  Gongress,  you 
can  not  exercise  in  this  State."  This  would  be  the  taking  of  plaintiffs  property 
from  him  without  due  process  of  law. 

In  the  case  of  Willey  v.  Decker  (73  Pac.  Rep.,  210),  decided  Aug-ust 
3,  1903,  the  supreme  court  of  the  State  of  Wyoming,  considering  the 
case  of  an  interstate  stream,  held  that  the  doctrine  of  priority  of  appro- 
priation would  apply  to  such  streams  without  regard  to  State  lines- 
Referring  to  the  decision  in  the  case  of  Howell  ^^  Johnson,  the 
court  said: 

It  is  not  necessary  that  we  agree  with  all  the  reasons  given  by  the  court  for  the 
conclusion  announced,  nor  that  we  assent  to  all  the  views  expressed  in  the  opinion. 
We  think  there  can  be  little  question  but  that  it  was  rightly  held  that  the  plaintiff 
in  the  case  had  secured  a  right  by  appropriation  to  the  waters  of  the  stream  as 
against  a  subsequent  appropriator  in  the  other  State,  which  might  be  protected  In  the 
courts  of  such  State  against  injury  by  acts  occurring  therein. 

The  court  then  continues: 

We  find  nothing,  therefore,  in  the  fundamental  principle  of  the  doctrine  of  prior 
appropriation  that  he  who  is  first  in  time  is  first  in  right,  nor  in  the  reasons  that  led 
to  the  establishment  of  the  doctrine,  which  is  opposed  to  the  acquirement  of  a  water 
right  for  the  irrigation  of  lands  in  one  State  by  the  diversion  of  the  water  at  a  point 
in  another  State  from  a  stream  flowing  in  both  States.     (73  Pac.  Bep.,  210-221. ) 

It  is  not  probable  that  any  serious  difficulties  will  arise  in  the  devel- 
opment of  the  water  supply  and  the  application  of  the  water  to  the 
reclamation  of  lands  in  cases  where  interstate  waters  are  concerned, 
for  the  reason  that  the  aim  in  all  cases  will  be  to  make  the  best  possi- 
ble use  of  the  waters  from  both  an  engineering  and  an  economic 
standpoint,  while  the  legal  principles  involved  are  capable  of  easy 
solution. 

The  operations  of  the  reclamation  service  will  involve  a  careful  com- 
parison and  analysis  of  the  irrigation  laws  of  the  various  States  and 
Territories  in  their  application  to  actual  conditions,  and  we  mBj  there- 
fore expect  a  showing  as  to  the  advantages  and  defects  of  the  different 
systems.  One  result  to  be  anticipated  from  the  experience  of  the  rec- 
lamation service  is  that  a  method  of  dealing  with  these  matters  will 
ultimately  be  evolved  that  will  afford  a  solution  for  many  of  the  diffi- 
cult problems  confronting  legislators  in  dealing  with  this  subject  and 
produce  a  code  of  irrigation  law  adaptable  to  the  varying  conditions, 
and  that  will  amply  protect  the  individual  irrigator  in  his  rights  and 
open  the  way  for  the  development  of  irrigation  interests  on  a  sub- 
stantial basis. 

The  ideal  of  attainment  in  the  minds  of  most  writers  and  thoughtful 
students  of  the  subject  is  the  establishment  of  a  conmiunity  system  of 
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management  and  operation  under  the  control  of  the  water  user, 
with  a  guarantee  of  a  reliable  water  supply,  an  indefeasible  water  right, 
and  an  interest  in  the  entire  irrigation  system,  with  the  opportunity  to 
work  out  the  highest  agricultural  development  of  the  community. 
Something  has  been  attempted  in  this  direction  by  the  various  district 
irrigation  laws,  with  comparatively  small  results. 

The  reclamation  act,  however,  offers  an  opportunity  for  an  advance 
toward  this  ideal  under  the  auspices  of  the  Government,  with  a  promise 
of  good  business  management  and  an  assurance  of  justice  and  fair 
treatment  for  all.  It  therefore  behooves  all  who  have  the  best  interests 
of  irrigated  America  at  heart,  to  work  in  harmony  with  the  Govern- 
ment along  the  lines  of  operation  of  the  reclamation  act,  so  carefully 
modeled  on  past  experience  toward  the  attainment  of  this  high  stand- 
ard of  irrigation  development. 

EliECTRICAIi  TRANSMISSION  OF  POWER  FOR  PUMPING. 

By  H.  A.  Storrs. 

Our  interest  in  the  electrical  transmission  of  power  arises  chiefly 
from  the  following  conditions:  (1)  In  connection  with  the  storage  or 
diversion  of  the  water  of  streams  in  arid  regions  for  irrigation  pur- 
poses, it  is  frequently  found  possible  to  develop  power  without  greatly 
increasing  the  cost  of  the  dam,  headworks,  or  other  parts  of  the  canal 
system;  (2)  power  so  obtained  may  often  be  advantageously  used  for 
pumping  water  from  wells,  or  from  one  canal  to  another  at  a  higher 
level;  (3)  electricity  \s  conceded  to  be  the  most  suitable  agent  for 
transmitting  this  power  from  the  generating  station  to  the  pumps. 

As  this  paper  must  be  brief,  only  a  few  of  the  interesting  questions 
involved  in  transmitting  power  electrically  can  be  mentioned. 

Since  a  consideration  of  the  loss  of  power  likely  to  occur  in  a  power- 
transmission  system  is  of  first  importance  I  will  briefly  state  the  case 
for  the  electrical  method: 

Power  delivered  by  the  water  wheel  to  the  electric  generator  will 
suffer  a  loss  during  the  conversion  from  mechanical  power  to  elec- 
trical power  of  from  5  to  10  per  cent;  a  loss  during  transformation 
from  a  low  to  a  high  voltage  of  2  to  3  per  cent;  a  loss  during  trans- 
mittal from  power  plant  to  pumping  station  of  5  to  10  per  cent;  a  loss 
during  transformation  from  a  high  to  a  low  voltage  of  2  to  5  per  cent; 
and  a  loss  during  conversion,  by  the  electric  motor,  from  electrical 
to  mechanical  power  of  5  to  15  per  cent — a  total  loss  chargeable  to 
the  electric  system  of  about  18  per  cent  under  favorable  conditions 
and,  perhaps,  36  to  40  per  cent  where  the  conditions  are  somewhat 
unfavorable.  Assuming  the  total  loss  to  be  ordinarily  25  per  cent, 
and  assuming  an  average  efficiency  of  75  per  cent  for  the  water  wheel 
and  70  per  cent  for  the  pump,  we  find  that  a  net  efficiency  of  about 
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40  per  cent  may  be  expected  under  ordinary  operating  conditions^; 
although  50  per  cent  efficiency  may  often  be  obtained  in  an  electrical- 
transmission  system  properly  designed  and  operated  at  or  near  full 
load. 

The  elements  involved  in  determining  the  proper  design  for  the 
electrical  system  vary  greatly  with  local  conditions,  but  the  following 
considerations  cover  some  of  the  important  points: 

Regarding  the  choice  of  size  and  number  of  generating  units  to  be 
installed  in  the  power  house,  it  may  be  observed  that  large  units  have 
the  advantage  of  slightly  higher  efficiency  at  full  load  over  small 
units,  and  that  they  cost  less  per  kilowatt  to  purchase  and  install;  but, 
since  their  efficiency  falls  from  3  to  5  per  cent  for  partial  loads,  pro- 
vision should  be  made  by  installing  at  least  one  generator  of  about 
one-half  the  size  of  the  larger  units,  for  keeping  full  load  and  on  as 
many  of  the  units  as  have  to  be  operated. 

This  consideration  of  diminished  efficiency  at  partial  loads  applies 
even  more  forcibly  to  most  types  of  water  wheels  than  to  electric  gen- 
erators. In  general,  the  fewest  possible  number  of  generating  unitj> 
should  be  installed,  taking  into  account  an  economical  design  for  the 
water  wheels  under  the  head  of  water  available,  and  not  forgetting 
that  if  but  few  units  are  installed  the  breaking  down  of  one  of  them 
may  seriously  curtail  the  output  of  the  system  at  a  critical  time. 

Regarding  the  choice  of  line  voltage  for  the  system,  it  may  be  said 
that  the  length  of  line  will  practically  determine  this  within  certain 
limits;  prejsent  practice  would  seem  to  favor  about  50,000  or  60,0(X) 
volts  for  lines  over  60  or  80  miles  long,  and  approximately  1,000  volt* 
per  mile  for  shorter  distances. 

The  generator  voltage  will  usually  not  be  over  2,500  volts,  the 
higher  voltages  for  use  in  transmission  being  produced  in  the  st^p-up 
transformers;  but  for  distances  less  than  15  to  20  miles  a  suitable  line 
voltage  of  10,000  to  15,000  volts  may  be  generated  directly^  in  the 
stationery  windings  of  the  generator,  thus  dispensing  with  step-up 
transformers,  thereby  saving  perhaps  20  per  cent  in  first  cost  of  power 
plant,  besides  raising  the  plant  efficiency  2  to  5  per  cent.  At  the 
pumping  plant,  also,  transformers  might  often  be  omitted  w^itb 
these  voltages,  effecting  a  similar  saving;  but,  probabl}^  for  motors 
smaller  than  200  horsepower,  the  extra  precautions  required  for  the 
protection  of  life  and  property  would  lead  to  the  use  of  step-down 
transformers,  unless  the  line  voltage  was  as  low  as  6,000  or  6,000  volts. 

As  regards  the  transmission  line,  it  may  be  noted  that  the  higher 
voltages  permit  the  use  of  smaller  wires,  but  increase  the  cost  of  pole 
fixtures.  As  is  well  known,  the  loss  on  a  given  line  transmitting  a 
given  amount  of  power  varies  inversely  as  the  square  of  the  voltage, 
so  that  if  the  loss  be  16  per  cent  for  a  line  voltage  of  10,000  volts  it 
will  be  only  about  4  per  cent  for  20,000  volts  and  about  1  per  cent  for 
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40,000  volLs,  or  for  the  same  percentage  of  loss  the  weight  of  the  wires 
would  be  similarly  diminished;  but  the  additional  precautions  required 
with  higher  voltages  and  the  increased  danger  of  interruptions  partly 
offset  the  apparent  advantages. 

The  choice  of  frequency  lies  practically  between  25  and  (>()  cycles  per 
second,  for  the  reason  that  all  the  prominent  makers  of  power-trans- 
mission apparatus  in  this  country  have  perfected  designs  for  these  fre- 
quencies. For  lighting,  as  well  as  motor  service,  a  frequency  of  40 
is  best  suited.  A  score  of  frequencies,  however,  ranging  from  15  to  135, 
are  now  in  commercial  use;  the  lower  are  used  solelv  for  motor  ser- 
vice,  and  those  above  60  are  rapidly  going  out  of  use.  The  lower  fre- 
quencies have  the  disadvantage  of  increasing  the  first  cost  of  trans- 
formers, but  this  is  more  than  offset  by  the  more  favorable  speeds 
attainable  in  motors  and  the  diminished  inductive  effects  on  transmis- 
sion lines.  For  pumping  purposes  a  frequency  of  25  is  well  suited, 
and  is  preferable  to  any  higher  frequency,  besides  affording  some  hope 
of  obtaining  competitive  prices  on  standard  apparatus  among  leading 
manufacturers. 

Regarding  the  proper  size,  number,  and  arrangement  of  line  wires, 
the  selection  must  be  a  compromise  among  conflicting  advantageous 
features.  The  choice  of  size  is  usually  so  made  as  to  give  a  loss  in 
transmission  of  between  5  and  10  per  cent  of  the  delivered  power  at 
full  load  at  normal  power  factor.  Frequently,  however,  it  is  difficult 
to  decide  whether  to  figure  on  the  present  full  load  or  the  future  full 
load;  that  is,  whether,  in  view  of  the  fact  that  inside  of  three  or  five 
years  the  demand  for  power  will  greatly  increase,  thus  requiring  addi- 
tional genera! el's  to  be  installed,  it  is  best  to  provide  at  the  start  for 
this  probable  future  increase  or  to  design  the  line  solely  with  refer- 
ence to  the  probable  conditions  during  the  first  3'ear  or  two  of  its  use, 
leaving  future  increase  to  be  provided  for  by  additional  wires  when- 
ever required.  If  the  latter  course  be  chosen  the  question  arises.  Is  it 
best  to  design  the  poles  and  cross  arms  with  the  expectation  of  placing 
the  additional  wires  thereon,  or  to  count  on  erecting  an  additional 
pole  line  when  more  wires  are  required?  If  provision  for  future 
extension  be  attempted  at  the  start,  there  is  the  difficulty  of  arranging 
the  wires  symmetrically  for  both  three  and  six  wires  on  a  pole.  But 
for  the  increase  in  first  cost  it  would  be  preferable  to  have  two  dis- 
tinct pole  lines,  since  by  this  arrangement  inductive  troubles  between 
circuits  would  be  diminished;  moreover,  accidents  occurring  on  one 
line  would  probably  not  affect  the  other,  and  repairs  could  be  made  on 
one  line  while  the  other  was  in  use,  which  would  not  usually  be  possible 
if  all  the  wires  were  on  one  set  of  poles.  To  arrange  the  wires  of  the 
three-phase  system  symmetrically,  in  an  electrical  sense,  requires  that 
they  be  located  at  the  apexes  of  an  equilateral  triangle;  but  in  view  of 
the  numerous  transpositions  required  on  multiple-circuit  lines,  the 
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wirets  might  about  as  well  be  placed  all  in  the  same  plane,  or  in  any  other 
convenient  position.  Various  ways  may  be  adopted  to  secure  me- 
chanical symmetry — that  is,  to  distribute  the  weights  evenly  on  the 
two  sides  of  the  pole.  On  the  whole,  taking  all  considerations  into 
account,  a  very  good  scheme  would  be  to  plan  for  the  final  erection  of 
two  distinct  pole  lines,  but  to  erect  only  one  pole  line  for  use  while  tie 
system  was  young  and  the  other  whenever  the  increased  demand  for 
power  seemed  to  require  it.  The  two  pole  lines  would  be  placed  50  or 
more  feet  apart,  and  the  three  wires  on  each  pole  would  be  placed  in 
the  form  of  an  equilateral  triangle,  with  one  wire  on  the  top  of  the 
pole  and  the  other  two  at  opposite  ends  of  a  single  cross-arm.  The 
placing  of  one  line  wire  on  the  pole  top  has  the  possible  objection  of 
preventing  the  placing  of  a  grounded  wire  in  this  position  for  protection 
against  lightning,  but  the  need  or  value  of  such  a  grounded  wire  seems 
not  well  established,  or,  at  least,  to  depend  largely  on  local  climatic 
conditions. 

Finally,  a  few  words  about  the  switching  devices,  this  general  term 
covering  all  the  apparatus  by  means  of  which  the  human  agent  con- 
trols the  operation  of  the  power-transmission  system.  Step  by  step, 
to  meet  the  demands  for  higher  and  higher  voltages,  invention  and 
development  have  multiplied  and  perfected  ingenious  switching  devices 
in  the  endeavor  to  keep  pace  with  the  improvements  in  transformer 
insulation  and  the  production  of  pole  line  insulators  capable  of  with- 
standing the  ever-increasing  electric  stresses  imposed  upon  them,  until 
now  it  appears  that  oil-break  switches,  capable  of  handling  line  volt- 
ages of  60,000  to  60,000  volts,  are,  or  soon  will  be,  placed  upon  the 
market  and  guaranteed  by  reliable  makers.  But  it  is  not  to  be  sup- 
posed that  progress  will  stop  here.  On  the  contrary,  another  period  of 
six  years  may  see  a  doubling  of  line  voltages  similar  to  that  which  has 
occurred  in  the  last  six  years,  and  with  100,000  volts  power  may  per- 
haps be  transmitted  as  cheaply  and  safely  a  distance  of  200  miles  as  it 
is  now  transmitted  a  distance  of  75  miles.  In  view  of  such  possibilities, 
water  powers,  now  apparently  worthless  because  of  their  remoteness 
from  localities  where  electric  power  might  be  utilized  for  pumping, 
will  be  brought  within  the  scope  of  national  works  for  the  develop- 
ment of  irrigation. 

CORRECT    DESIGN    AND    STABIXilTY    OF    HIGH    MASONRY 

DAMS. 

By  George  Y.  Wisner,  Consulting  Engineer. 

The  developments  of  projects  for  the  storage  of  flood  waters  for  the 
purpose  of  irrigating  arid  lands  in  the  Western  States  will  require  the 
designing  of  dams  of  unprecedented  heights,  and  in  view  of  the  failure 
of  similar  structures  which  were  considered  safe  by  the  engineers  who 
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desired  them,  it  is  imperative  that  the  plans  be  based  upon  accurate 
data  and  upon  a  correct  determination  of  the  nature  of  the  stresses  to 
which  they  will  be  subjected.  If  such  information  does  not  exist  there 
should  be  no  excuse  for  its  not  being  obtained  before  final  plans  are 
adopted  for  all  works  where  failure  will  result  in  the  loss  of  either 
life  or  property. 

With  a  correct  knowledge  of  the  weight,  strength,  modulus  of  elas- 
ticity, and  coefficient  of  expansion  of  the  materials  of  construction,  the 
relation  of  the  stresses  in  the  horizontal  arch  of  a  dam  to  those  in  the 
vertical  sections  under  varying  water  pressures  and  temperature 
strains,  can  be  determined  within  reasonable  limits,  and  the  parts  of 
the  structure  so  designed  that  its  safet}^  will  be  beyond  question. 
With  the  facilities  that  are  at  the  disposal  of  the  engineer  for  deter- 
mining the  strength,  elasticity,  and  expansion  of  materials  for  the 
construction  of  large  structures,  it  would  be  criminal  negligence  on  the 
part  of  the  designer  not  to  make  such  determinations. 

In  the  development  of  the  theory  of  the  laws  that  govern  the  action 
of  forces  in  large  dams  most  of  the  older  investigators,  as  well  as 
many  engineers  of  the  present  time,  have  assumed  that  a  dam  is  a 
rigid  homogeneous  monolith,  and  that  the  foundations,  though  more 
rigid  than  the  structure,  are  still  perfectly  elastic.  In  the  design  of 
some  recent  structures  the  reverse  of  these  assumptions  has  been 
adopted,  viz,  that  the  materials  of  which  the  structure  is  formed  are 
homogeneous  and  perfectly  elastic.  Both  of  these  assumptions  cer- 
tainly can  not  be  correct,  and  as  similar  conclusions  are  derived  in 
each  case  it  hardly  seems  good  policy  to  base  the  design  of  large 
structures  on  such  precedents. 

In  regard  to  the  elasticity  of  the  completed  dam  it  may  be  stated 
that  the  materials  of  which  it  is  constructed  are  far  from  being  per- 
fectly elastic  and  homogeneous,  and  even  if  the}*^  were,  the  method  of 
construction  makes  the  dam  a  practically  rigid  structure.  The  faces  of 
the  dam  are  usually  of  cut-stone  masonry  with  thin  joints,  having  a 
modulus  of  elasticity  of  from  two  to  five  times  that  of  the  concrete  or 
rubble  filling  of  which  the  interior  of  the  dam  is  composed,  thus  prac- 
tically forming  a  triangular  truss  having  a  height  of  about  one  and 
one-third  its  span,  which  for  stresses  up  to  point  of  rupture  through 
the  toe  of  the  dam  may  be  regarded  as  rigid.  The  natural  rock  on 
which  the  structure  should  be  founded  is  under  heavy  compression 
and  is  held  firmly  in  place  by  the  compressive  forces  in  the  earth's 
surface,  so  that  elastic  movement  under  load  will  be  so  small  that  the 
structure  may  be  regarded  as  resting  on  a  rigid  base.  Hence,  con- 
clusions based  upon  assumptions  that  the  dam  is  a  perfectly  elastic 
structure,  or  a  rigid  structure  resting  upon  an  elastic  foundation,  will 
not  hold  true. 

iRR  93—04 16 
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Under  either  of  these  assumptions  the  conclusion  reached,  which 
forms  the  basis  of  analysis  of  stresses,  is  that  if  the  resultant  due  to  the 
water  pressure  and  the  weight  of  the  dam  falls  outside  of  the  middle 
third  of  the  base,  tensile  strains  will  be  developed  in  the  upper  face  of 
the  dam,  a  condition  which,  as  dams  are  generally  constructed,  is  not 
likely  to  occur  before  the  toe  ruptures  and  the  dam  slides  on  it«  base. 

The  conclusion  that  tensile  strains  will  develop  in  the  face  of  a  dam 
when  the  resultant  passes  beyond  the  middle  third  requires  that  the 
dam  acts  as  a  flexible  beam  bending  about  its  central  line  as  a  neutral 
axis,  and  that  with  the  reservoir  empty  there  will  be  no  pressure  on 
the  foundation  at  the  toe  and  a  maximum  pressure  at  the  heel,  and 
with  the  reservoir  full  there  will  be  no  pressure  at  the  heel  and  a 
maximum  at  the  toe.  Under  the  usual  form  of  construction  of  dams 
the  tendency  to  movement  under  change  of  water  pressure  is  about 
the  toe,  instead  of  at  the  center  of  the  base,  and  as  a  result  the  great- 
est stress  in  the  structure  from  horizontal  water  pressures  on  the  face 
will  be  parallel  to  and  near  the  back  face  of  the  dam,  and  the  pressure 
on  the  heel  of  the  dam  will  not  become  negative  when  the  resultant 
passes  the  middle  third  and  probably  not  until  the  toe  ruptures,  which 
result  materially  modifies  the  actual  distribution  of  pressure  on  the 
base  from  what  it  would  be  under  the  assumption  of  perfect  elasticit}' 
of  structure. 

The  fact  is  that  there  is  far  greater  danger  of  failure  from  shearing, 
or  sliding  on  the  base,  than  from  tensile  strains  in  the  upper  face  or 
from  overturning  of  the  structure.  The  force  tending  to  produce  shear- 
ing or  sliding  increases  with  the  square  of  the  depth  of  the  water,  and 
in  straight  dams,  where  the  tensile  stresses  from  changes  of  tempera- 
ture may  exceed  the  strength  of  the  masonry,  this  source  of  danger  is 
a  serious  one,  and  practically  limits  the  safe  height  of  the  structure. 

While  it  is  true  that  dams  depending  iipon  a  gravity  section  for 
safety  may  require  such  dimensions  that  the  line  of  maximum  pressure 
in  the  structure  will  fall  inside  the  middle  third,  the  reasons  for  such 
sections  should  be  based  as  nearly  as  possible  upon  the  factors  that 
control  the  action  of  the  stresses  generated  in  the  structure  by  the 
loads  to  which  it  is  subjected. 

If  a  proper  batter  be  given  to  the  upstream  face  of  a  dam  the  maximum 
pressure  on  the  foundation  will  be  some  distance  from  the  face,  and  the 
masonry  subjected  to  such  pressures  will  be  so  situated  as  to  withstand 
greater  stresses  than  that  on  the  surface  of  the  structure. 

In  the  construction  of  a  concrete  or  masonry  dam,  the  material  as 
deposited  in  the  structure  is  so  pliable  that  for  a  depth  of  20  to  30 
feet  above  the  foundation  the  pressure  on  all  parts  of  the  base  will 
practically  vary  with  the  depth  of  material,  but  as  the  mortar  sets  and 
hardens,  this  foundation  course  acts  as  a  beam  resting  on  material 
which  will  yield  only  slightly  under  heavj-  loads,  and  partly  distributes 
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tlirou^hout  the  foundation,  the  pressure  arising  from  the  weight  of 
t^lie  upper  portions  of  the  dam. 

The  maximum  pressure  on  any  part  of  the  foundation  will  vary  with 
the  elasticity  and  compressibility  of  the  masonry  and  foundation,  but 
tinder  average  conditions  it  should  not  exceed  three-fourths  of  the 
^weight  of  a  column  of  masonry  of  the  same  height  as  the  dam. 

In  short  dams  having  ends  firmly  anchored  in  the  side  walls  the 
Htnicture  acts  as  a  horizontal  beam,  and  the  pressures  developed  on 
the  base  are  far  different  from  those  determined  by  the  usual  method 
of  considering  the  water  pressure  and  the  weight  of  the  structure  to 
aot  as  a  couple. 

In  high  dams  where  the  length  near  the  base  does  not  exceed  200 
feet  the  width  is  so  great  that  with  the  ends  firmly  anchored  in  the 
side  walls  the  lower  portion  of  the  dam  acts  to  a  great  degree  as  a 
horizontal  beam  of  such  magnitude  that  very  little  deformation  is  pos- 
sible from  water  pressures,  and  consequently  only  a  small  portion  of 
the  stresses  from  the  water  pressure  are  transmitted  to  the  foundation. 
The  upper  portion  of  the  structure  being  longer  and  of  less  width, 
distortion  will  take  place,  and  the  stresses  arising  from  such  movement 
will  be  distributed  through  the  base  of  the  dam  to  the  foundation  and 
to  the  side  walls,  accoixling  to  the  design  of  the  dam. 

The  straiDS  arising  from  changes  of  temperature  in  straight  dams 
are  sometimes  enormous,  and  unless  provided  for  with  large  coeffi- 
cients of  safety  may  endanger  the  structure.  The  base  of  a  dam, 
being  massive  and  generally  submerged  in  water,  has  much  less  range 
of  temperature  than  the  upper  portions  of  the  structure,  which  in 
many  cases  may  exceed  100^  F.  The  expansion  of  sandstone  for  100° 
change  of  temperature  is  about  1  inch  in  100  feet,  of  limestone  about  1 
inch  in  125  feet,  and  of  granite  about  1  inch  in  170  feet.  The  expan- 
sion of  masonry  and  concrete  will  vary  with  the  material  of  which 
composed,  but  will  probably  average  about  1  inch  in  125  feet  for  100° 
change  of  temperature. 

A  dam  500  feet  long,  in  passing  through  a  change  of  100°  temper- 
ature, will  expand  or  contract  about  4  inches  in  its  entire  length  if  not 
prevented  by  the  side  walls,  and  will  subject  the  upper  portion  of  the 
wall  to  greater  strains  than  those  due  to  water  pressure  and  weight 
of  the  dam,  which  the  structure  was  designed  to  withstand.  Internal 
stresses  in  the  masonry  from  this  cause  probably  have  had  much  to  do 
with  the  failure  of  some  of  the  dams.  A  drop  of  20°  in  temperature 
at  the  crest  of  the  dam  may  cause  a  tensile  strain  of  40  tons  per  square 
foot,  and  unless  the  dam  should  be  supported  by  arch  construction  it 
would  be  left  with  only  its  resistance  to  shearing  and  sliding  to  with- 
stand the  water  pressure. 

In  constructing  a  dam  to  safely  withstand  the  pressure  of  a  given 
head  of  water  against  its  face,  the  structure  may  either  be  made  suffi- 
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ciently  massive  to  resist  shearing,  overturning,  and  sliding,  from  the 
water  pressure,  or,  if  not  tod  long  a  span,  may  be  built  as  an  arch  and 
the  stresses  developed  by  the  water  pressure  resisted  by  the  side  walk 
against  which  the  ends  of  the  arch  abut. 

It  has  been  stated  by  high  authorities  that  the  masonry  of  a  dani  is  so 
rigid  and  nonelastic  that  it  can  not  act  as  an  arch  *'  for  the  reason  that  if 
the  profile  Ls  sufficient  to  stand  the  water  pressure  by  its  own  gravity  the 
mass  will  not  yield  underpressure,  and  if  it  does  not  yield,  no  pressure 
can  be  transmitted  to  the  sides  through  the  curve."  If  this  assumption 
is  correct,  is  it  not  equally  true  that  if  the  mass  does  not  yield  under  the 
applied  pressure  no  pressure  would  be  transmitted  in  a  vertical  plane 
to  the  toe  of  the  dam  ?  The  transmission  of  pressure  to  the  base  of  the 
dam  from  horizontal  water  pressures  on  the  face  presupposes  deforma- 
tion of  the  stiiicture,  and  if  the  crest  be  supported  by  an  arch  abutting 
against  the  side  walls  a  portion  of  the  pressure  will  be  taken  up  by  the 
resistance  of  the  arch. 

Since  the  same  principle  of  the  transmission  of  force  is  involved, 
whether  the  pressure  is  transmitted  through  the  arch  to  the  side  walls 
or  in  a  vertical  plane  to  the  toe  of  the  dam,  it  is  safe  to  assume  that 
in  an  arch  dam  under  normal  conditions  a  portion  of  the  pi-essure  will 
be  transmitted  to  the  side  walls  and  the  balance  to  the  toe  of  the  dam, 
the  amount  of  which  will  vary  with  the  tensile  or  compressive  strains 
in  the  arch  arising  from  changes  of  temperature. 

If  the  upper  portion  of  the  dam  be  constructed  during  a  period  of 
warm  weather  the  arch  will  be  under  tension  during  the  cooler  por- 
tions of  the  3'ear,  and  a  large  part  of  the  pressure  from  the  water  will 
be  transmitted  to  the  toe  of  the  dam;  whereas  if  the  walls  l>e  con- 
structed in  cool  weather  the  arch  will  be  under  compression  most  of 
the  time,  and  the  water  pressure  will  be  transmitted  directl}'^  to  the 
side  walls  by  the  arch.  It  is  therefore  desirable  that  the  upper  por- 
tion of  arch  dams  should  be  constructed  during  the  season  of  the  year 
when  the  temperature  will  average  below  the  mean  for  the  localit}'  of 
the  structure. 

Assuming  that  the  nature  of  the  masonry  in  a  dam  will  permit  it  to 
act  as  an  arch  to  only  a  limited  extent,  the  structure  becomes  prac- 
tically an  arch  beam  supported  at  each  end,  and,  without  regard  to 
weight,  will  be  safe  as  long  as  the  shearing  stress  produced  by  the 
horizontal  pressure  of  the  water  is  not  sufficient  to  produce  rupture 
of  the  dam  section  at  the  side  walls. 

In  most  cases,  for  arch  dams  of  less  than  500  feet  length  on  the 
crest,  the  cross  section  of  the  structure  necessary  to  keep  the  pressure 
on  the  foundation  within  safe  limits  is  ample  to  withstand  the  shearing 
stress  from  the  water  pressure,  making  the  arch  type  of  dam,  for  the 
same  stability,  much  more  economical  than  one  of  gravity  section. 

In  some  experiments  made  during  the  construction  of  the  St^  Louis 
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bridge  it  was  found  that  the  magne^sian  limestone  used  in  the  piers 
had  practically  the  same  moduluvs  of  elasticity  as  that  of  wrought  iron, 
viz,  15,000,000  to  20,000,000,  and  although  no  determination  has  yet 
l>een  made  of  the  elasticity  of  the  sandstone  at  the  site  of  the  Salt 
River  dam,  it  is  probable  that  the  modulus  will  be  at  least  10,0()0,000. 

In  a  dam  of  25  feet  or  less  thickness  at  the  top,  and  having  elas- 
ticity equal  to  that  of  ordinary  rock  or  concrete,  a  large  per  cent  of  the 
pressure  of  the  water  against  the  face  of  the  dam  will  be  transmitted 
directly  to  the  side  walls  by  the  arch,  and  any  such  dam  with  suffi- 
cient cross  section  to  stand  the  shearing  stress  from  water  pressure  on 
the  face  will  be  absolutely  safe,  without  taking  into  consideration  the 
iveight  of  the  dam  on  the  foundation.  In  other  words,  if  such  a  dam 
Tvas  supposed  to  be  supported  entirely  by  water  pressure  from  under 
the  foundation,  the  structure  would  still  l)e  secure. 

The  best  construction  for  an  arch  dam  is  probably  a  wall  having 
faces  of  first-class  masonry  with  center  filling  of  concrete  and  large 
rock.  An  arch  dam  of  such  construction  will  consist  practically  of 
two  concentric  arches  capable  of  withstanding  heavy  pressures,  con- 
nected hj  a  water-tight  concrete  core,  or  web,  having  a  much  lower 
modulus  of  elasticity — a  condition  well  adapted  to  meet  all  of  the 
requirements  of  the  problem  and  at  the  same  time  eliminate  the 
necessity  of  molds  and  false  works  in  placing  the  concrete  in  the 
structure.  In  cases  of  high  dams  of  considerable  length  the  use  of 
railroad  iron  in  the  upper  portion  of  the  structure  may  be  necessary  to 
prevent  temperature  cracks. 

The  internal  stresses  in  a  large  body  of  masonry  arising  from  ine- 
qualities of  its  elasticity  in  its  different  parts,  from  unequal  distribution 
of  its  own  weight  on  its  foundation,  from  compressive  and  tensile 
forces  developed  by  changes  of  temperature  in  different  parts  of  the 
stiiicture,  and  from  resistance  to  external  pressures  from  wind,  water, 
and  shocks,  can  not  be  al>8olutely  determined;  but  with  a  correct 
knowledge  of  the  weight,  strength,  elasticity,  and  expansion  of  the 
materials  with  which  constructed,  the  movement  of  the  crest  of  the 
dam,  for  changes  of  temperature  and  water  pressure,  can  be  stated 
sufficiently  near  for  detennining  thickness  of  the  dam  and  the  radius 
of  the  horizontal  section  best  adapted  for  distributing  the  stresses 
between  the  base  of  the  dam  and  the  side  walls  against  which  the 
structure  abuts.  In  any  arch  dam  the  thrust  in  any  horizontal  section 
is  equal  to  the  pressure  on  a  unit  of  surface  multiplied  by  the  length 
of  the  radius,  and  the  compression  which  takes  place  in  the  arch  is 
equal  to  two  times  the  deflection  at  the  center  into  the  tangent  of  one- 
fourth  of  the  arc  covered  by  the  section  considered. 

The  mid-channel  section  of  the  dam  may  be  regarded  as  a  vertical 
cantilever  beam  supported  rigidly  at  its  base  and  composed  of  material 
of  which  the  weight  and  modulus  of  elasticity  are  known. 
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The  application  of  pressure  to  the  upstream  edge  of  the  section  will 
cause  a  deformation  of  the  structure  and  a  slight  movement  of  the 
crest  downstream,  which,  from  the  known  nature  of  materials  and 
design  of  construction,  can  be  computed  within  reasonable  limits. 

This  movement  of  the  crest  corresponds  with  the  deflection  in  the 
horizontal  arch,  and  the  section  instead  of  being  a  vertical  cantilever 
beam  becomes  a  beam  rigidly  fixed  at  the  base  with  its  free  end  sup- 
ported by  an  arch  having  a  slight  elasticity,  and  if  the  radius  of  the 
arch  be  properly  proportioned  with  regard  to  the  height  of  the  dam, 
the  length  of  the  crest,  and  the  modulus  of  elasticity  of  the  materials 
of  construction,  the  stresses  from  the  water  pressure  will  be  tranj*- 
mitted  to  both  the  base  of  the  dam  and  the  side  walls,  practically  giv- 
ing the  structure  more  than  twice  the  stability  of  a  gravity  section 
dam  of  the  same  dimensions.  ' 

The  height  at  which -a  dam  may  safely  be  built  at  any  given  location 
does  not  depend  so  much  on  the  water  pressure  to  which  it  will  be 
subjected  as  upon  the  nature  of  the  material  of  which  constructed  and 
the  changes  of  temperature  which  will  occur  in  the  masonry.  In  a 
dam  250  feet  high,  and  500  feet  long  on  the  crest,  the  tensile  and 
compressive  strains  due  to  the  ordinary  range  of  temperature  may  b<* 
more  than  four  times  those  arising  from  the  water  pressure  with  the 
reservoir  full.  In  a  straight  dam  they  are  liable  to  open  the  joints  of 
the  masonry,  and  in  an  arch  dam  will  cause  compressive  stresses  in 
the  masonry  at  the  base  and  side  walls  as  great  as  is  safe  to  place  on 
ordinary  materials  of  construction. 

In  the  analysis  of  a  recent  structure  it  is  stated  that  precedents  are 
of  greater  importance  than  theoretical  analysis  of  the  stresses  in  deter- 
mining the  saf et}'^  of  the  dam.  The  fact  that  a  dam  has  not  failed  is 
by  no  means  a  safe  indication  that  it  has  been  correctly  designed,  and 
to  follow  such  methods  of  construction  without  original  investigation 
of  all  the  conditions  involved  in  each  case  is  liable  to  bring  the  engineer 
to  grief. 

While  it  is  true  that  the  earlier  investigator  in  their  endeavors  to 
determine  the  laws  governing  the  action  of  stresses  in  dams  were 
obliged  to  make  certain  assumptions,  the  facilities  aflforded  the  engineer 
of  the  present  time  for  determining  the  strength  and  ph5^sieal  charac- 
teristics of  all  materials  of  construction  largely  eliminates  such  neces- 
sity. In  case  any  problem  should  arise  where  certain  general  assump- 
tions are  necessary  it  may  be  stated  as  a  general  principle  that  the 
nearer  such  assumptions  are  made  to  the  true  conditions  and  facts  the 
more  nearly  will  the  results  obtained  conform  to  those  which  would 
result  from  an  absolutely  accurate  determination  of  all  the  factors 
involved. 
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RECONNAISSANCE  AND   PIAJNS. 

By  George  Y.  Wisneb,  Consulting  Engineer. 

In  the  course  of  my  work  as  consulting  engineer  I  have  made  trips 
of  inspection  to  the  sites  of  proposed  projects  in  Arizona,  Colorado, 
California,  Montana,  Nevada,  and  New  Mexico.  In  now  reviewing  the 
work  seen  certain  critical  suggestions  as  to  methods  and  supervision 
of  work  occur  to  me  which  I  wish  to  present  for  consideration,  but 
without  intent  to  criticise  unduly. 

R€connawm7ice. — ^^In  some  of  the  projects  examined  I  noted  that  the 
preliminary  field  surveys  have  been,  what  seems  to  me,  unnecessarily 
elaborate  where  the  feasibility  was  uncertain,  and  in  my  opinion  it 
would  have  been  possible  to  determine  the  feasibility  of  the  various 
undertakings  with  less  outlay  of  time  and  money.  Of  course  it  must 
be  recognized  that  in  all  Government  work  care  must  be  taken,  and 
no  excuse  can  be  offered  for  hasty  or  imperfect  conclusions,  and  that 
if  either  extreme  is  to  be  reached,  it  is  better  to  be  too  careful  than 
too  hasty.  Again,  as  many  of  the  preliminary  investigations  result  in 
the  condemnation  of  popular  illusions,  it  is  necessary  to  obtain  abso- 
lute and  incontestable  facts  in  order  to  show  that  the  statements  made 
by  others  have  been  based  upon  misapprehension  of  the  facts.  Never- 
theless, some  care  should,  in  my  opinion,  be  given  to  planning  pre- 
liminary surveys  on  a  scale  not  requiring  a  great  deal  of  time  or  mone3\ 
In  making  these  preliminary  examinations  the  district  engineer  or  a 
competent  man  familiar  with  the  requirements  of  the  project  should 
do  the  work.  It  should  not  be  intrusted  to  3'^ounger  men  or  persons 
of  immature  judgment,  as  at  every  step  experience  and  quickness  of 
perception  are  needed  ia»  such  work.  If  dependence  is  placed  upon 
instrumental  methods,  less  personal  judgment  is  required. 

The  general  feasibility  of  nearly  all  of  these  projects  can  be  deter- 
inined  by  a  careful  study  of  the  amount  of  precipitation  on  the  drain- 
age areas,  and  the  run-off  of  the  streams,  in  connection  with  a  proper 
barometric  reconnaissance  of  the  streams,  reservoir  sites,  and  lands  to 
be  irrigated.  By  the  use  of  three  aneroid  barometers  on  a  reconnais- 
sance, the  variation  in  level  can  be  determined  rapidly  over  wide  areas 
within  limits  of  less  than  10  feet  of  range  in  elevation,  or  sufficiently 
near  to  determine  the  general  feasibility  of  the  project  from  both  an 
engineering  and  financial  point  of  view.  The  cost  of  this  work  is 
small  compared  to  that  necessary  for  making  instrumental  surveys, 
and  the  investigations  can  be  made  without  annoyance  and  antagonism 
as  to  the  purposes  in  view. 

When  a  project  has  been  determined  to  be  feasible  and  instru- 
mental surveys  are  ordered,  the  investigation  should  be  made  exhaust- 
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ive,  both  as  to  methods  and  cost  of  putting  water  upon  the  lands  to  be 
irrigated,  and  as  to  plans  and  expense  of  properly  underdraining-  them. 
The  irrigation  of  large  tracts  without  proper  dminage  from  the  start 
is  almost  certain  to  result  in  disappointment  on  the  part  of  purchasers 
of  homes. 

Data  for  plans, — Some  of  the  structures  required  for  the  projeeti^ 
of  the  service  will  be  of  unprecedented  dimensions;  and  to  l)e  absolutely 
certain  of  their  permanency,  the  strength  and  physical  chai-acteristie^i 
of  the  materials  of  construction  should  be  carefully  determined,  and 
the  nature  of  foundations  on  which  they  are  to  be  based  should  he 
ascertained  beyond  any  possible  question.  While  such  thoroug'b 
investigations  may  not  change  the  plans  to  be  adopted  in  one  case  in 
ten,  yet  that  tenth  case  might  be  disastrous. 

Relations  of  consulting  and  district  engineers, — The  success  of  the 
reclamation  service  and  the  value  of  its  work  will  depend  largely'  upon 
harmonious  relations  and  effort  among  the  entire  personnel,  in  all 
the  divisions.  To  produce  such  a  desired  state  of  affairs  will  require 
perfect  confidence  on  the  part  of  the  district  engineers  in  the  ability 
of  their  advisers,  and  upon  the  geneml  confidence  that  the  credit  due 
to  each  man  in  developing  the  data  on  which  to  base  plans  shall  tie 
fully  recognized  in  making  the  designs  of  the  works. 

The  reputation  of  the  consulting  engineer  is  generally  so  well  estab- 
lished that  the  credit  of  having  made  certain  designs  will  be  of  little 
value  to  him,  while  to  the  young  engineer  in  charge  of  the  develop- 
ment of  an  important  project,  it  may  be  of  great  importance  to  him 
whether  he  makes  the  designs  and  plans  with  the  advice  of  the  consult- 
ing engineers,  or  whether  the  data  which  he  has  collected  be  placed 
in  other  hands  for  making  designs  of  structures,  thereby  indirectly 
implying  a  lack  of  confidence  in  his  ability  on  the  jmrt  of  the  Survey. 

It  is  my  opinion  that  the  position  of  consulting  engineer  should  be 
solely  that  of  adviser,  so  far  as  the  district  engineers  are  concerned,  and 
that  in  all  cases  the  latter  should  be  allowed  the  privilege  and  credit 
of  developing  the  designs  of  the  works  under  their  charge,  acting  with 
the  advice  and  guidance  of  their  advisers. 

With  such  a  mutual  understanding,  the  relations  will  always  be 
pleasant  and  harmonious,  while,  if  otherwise,  more  or  less  jealousy 
will  be  engendered.  It  is  true  that  the  time  of  the  district  engineer  is 
often  so  taken  up  with  other  duties  that  the  natural  tendencj^  would  be 
to  relieve  him  from  the  additional  work  of  making  plans,  but  when  the 
credit  of  such  work  is  necessary  to  building  up  his  professional  repu- 
tation, it  should  not  be  taken  from  him,  for  the  reason  that,  outside  of 
justice  to  the  individual,  his  actual  value  to  the  service  depends  largely 
on  his  personal  interest  and  enthusiasm  in  his  work,  to  maintain  which 
there  must  be  personal  credit  and  advancement  to  look  forward  to. 
The  trouble  that  arose  during  the  construction  of  the  Austin  dam  fur- 
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nishes  probably  one  of  the  best  examples  on  record  to  show  how  not  jto 
conduct  work,  the  disastrous  results  being  a  costly  object  lesson  of  the 
danger  that  ma}^  arise  from  lack  of  confidence  and  harmony  between 
the  consulting  engineer  and  the  engineer  in  charge. 

Eco7\(nny  of  water, — An  excessive  use  of  water  on  irrigated  lands  is 
often  more  injurious  than  an  insufficient  supply  during  occasional  dry 
seasons;  and  since,  where  large  tracts  are  to  be  colonized,  the  settlers 
will  be  generally  ignorant  of  the  requirements  for  success,  it  seems 
important  that  a  careful  study  be  made,  under  tl^e  different  climatic 
conditions  of  the  arid  States,  to  determine  the  quantity  and  frequency 
of  application  of  water  best  adapted  to  different  crops  and  localities, 
the  results  of  the  investigations  to  be  widely  published  by  the  Govern- 
ment for  the  benefit  of  settlers.  In  many  localities  the  amount  of  land 
suitable  for  irrigation  is  largely  in  excess  of  that  for  which  a  sufficient 
volume  of  water  is  available,  and  therefore,  from  the  point  of  view  of 
developing  the  country,  it  becomes  important  to  determine  the  mini- 
mum quantity  of  water  that  will  produce  the  proper  results  at  differ- 
ent locations  and  under  different  conditions  of  precipitation  and  climate. 

REPORTS  ANI>  STATEMENTS. 

By  H.  N.  Savage,  Consulting  Engineer. 

During  the  last  month  I  have  had  an  opportunity  of  visiting  a  num- 
ber of  projects  in  the  States  of  Idaho,  Oregon,  Washington,  and  Mon- 
tana. I  have  been  impressed  with  the  importance  of  making  rapid 
yet  accurate  preliminary  reconnaissance  examinations  to  determine  the 
geneml  feasibility  and  controlling  factors  of  a  project  before  expensive 
field  surv^ey  parties  are  put  to  work,  and  particularly  with  the  necessity 
of  keeping  the  district  and  supervising  engineers  fully  informed  a.s  to 
the  exact  ehai"acter,  progress,  and  results  of  the  work  being  carried 
on  by  eaiih  chief  of  party  or  each  individual  working  separatel3\ 

For  the  best  results,  monthly  statements  are,  in  my  judgment,  not 
sufficient!}'  frequent,  and  1  would  suggest  that  a  concise  report,  to 
consist  of  a  few  paragraphs,  be  compiled  at  the  end  of  each  calendar 
week  and  promptly  sent  in.  Brief  recommendations  as  to  the  future 
conduct  of  work  should  also  be  invited  and  encouraged  from  those 
reporting.  Such  frequent  reports  would  aid  the  district  engineers  in 
formulating  and  perfecting  the  plans  for  the  works  under  their  charge, 
and  at  the  same  time  would  develop  and  indicate  the  engineering  com- 
prehension and  efficiency  of  the  engineers  and  others  reporting. 

1  also  want  to  call  attention  to  the  unusually  complete  and  valuable 
opportunity  for  young  engineers  to  fully  acquaint  themselves  with 
the  engineering  work  of  the  reclamation  service  and  at  the  same  time 
to  acquire  training  and  experience  of  £he  highest  order.  The  policy 
already  in  force  in  the  field  enables  every  engineer  to  become  fully 
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conversant  with  the  data,  its  method  of  acquisition,  and  its  develop- 
ment into  plans,  and  if  the  offices  of  the  district  engineers  are  located 
near  the  projects,  as  I  trust  they  may  be,  it  will  be  feasible  for  all 
those  employed  to  gain  also  a  complete  knowledge  of  construction, 
embracing  all  details  of  contracts,  supervision,  and  results,  as  i^ell  as 
costs.  In  my  judgment  too  much  can  not  be  said  nor  done  looking 
toward  mutual  cooperation  and  mutual  development  in  our  engineer 

corps. 

METHODS  ANB  REPORTS. 

By  J.  B.  LippiNcoTT. 

In  connection  with  reports  and  the  importance  of  having  these 
promptly,  I  wish  to  present  the  scheme  that  I  have  prepai-ed  for  use 
in  California.  This  is  embodied  in  the  following  paragraphs.  It  is 
more  or  less  experimental  in  character,  but  is  intended  to  cover  exist- 
ing conditions.^ 

MEMORANDUM   FOR  REPORTS  TO  SUPERVISING  ENGINEER. 

All  reports  relating  to  work  done  in  California  (including  Colorado  River  work) 
by  members  of  the  hydrographic  branch  of  the  United  States  Geological  Sorvey, 
including  the  reclamation  service,  should  be  addressed  to  Mr.  J.  B.  Lippincott, 
Supervising  Engineer,  408  Byrne  Building,  Los  Angeles,  Cal.  All  accounts  and  corre- 
spondence addressed  to  the  chief  engineer  should  pass  through  the  office  of  the 
supervising  engineer. 

The  following  reports  should  be  rendered: 

1.  A  weekly  time  report,  showing  where  each  employee  has  worked  and  what  he 
has  done. 

2.  A  monthly  time  report,  made  up  from  the  weekly  tiifie  report 

3.  A  weekly  progress  report,  stating  results,  recommendations,  etc 

4.  A  monthly  progress  report. 

5.  A  monthly  report  of  expenditures. 

1.  Weekly  time  report. — Each  chief  of  party  must  make  a  weekly  time  report  of  the 
services  rendered  by  his  party.  Each  individual  working  independently  must  alsn 
make  a  similar  weekly  report  of  services.  These  reports  must  be  made  on  the  filing 
cards  furnished.  They  must  l)e.  approved  by  the  chief  of  party  and  mailed  to  the 
supervising  engineer  promptly.  This  report  should  show  concisely  the  manner  in 
which  the  person  was  occupied  and  will  constitute  his  personal  record  of  work  in  the 
offices  of  the  supervising  engineer  and  of  the  chief  engineer  at  Washington.  The 
card  should  show  by  dates  the  kind  of  occupation  for  each  day  of  the  week.  The 
instructions  on  the  back  of  the  monthly  report  (Form  9-245)  should  be  foUowtxl  in 
filling  out  these  cards.  If  a  field  party  or  an  individual  is  employed  on  more  ihan 
one  project  during  the  week,  a  separate  card  must  be  made  out  for  each  project. 

2.  Monthly  time  report. — Before  sending  the  weekly  time  report  to  the  supervii<- 
ing  engineer  each  individual  working  independently  should  fill  out  from  it  that 
portion  of  the  monthly  report  (Form  9-246)  covering  the  week,  so  that  the  monthly 
rei)ort  will  be  an  exact  copy  of  the  several  time  reports  covering  the  month.  At  the 
end  of  the  calendar  month  the  monthly  report  should  be  forwarded  to  the  8uper\'i!»- 
ing  engineer,  accompanied  by  a  monthly  progress  report  and  a  diagram  showing 
where  the  work  was  done,  as  will  be  ^escribed  below. 


a  See  also  pp.  45^50. 
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A  chief  of  party  need  not  fill  out  a  monthly  report  (Form  9-245)  for  each  man  in 
his  party,  but  should  send  in  one  for  himself  and  the  party.     It  should  be  headed, 

**  Report  of  services  rendered  by and  party  during  the  month  of , 

1904."     (Use  Form  9-245. ) 

3.  Weekly  report  to  supervising  engineer. — The  engineer  in  the  field  should  keep  him- 
eo\t  thoroughly  informed  as  to  the  details  and  progress  of  the  work  in  hand.  To 
maintain  the  greatest  possible  efficiency  the  supervising  engineer  should  be  fully 
informed  as  to  the  progress,  results,  needs,  and  cost  of  each  project,  and  in  order 
that  he  may  obtain  this  information  it  is  desired  that  a  short  report  be  rendered 
once  a  week.  It  will  be  well  to  forward  this  report  with  the  weekly  time-report 
cards. 

This  report  should  be  made  by  each  chief  of  party,  or  by  each  individual  working 
independently  in  the  field,  and  should  state  concisely,  in  a  few  paragraphs,  what  has 
l>een  accomplisheil  since  the  last  report  was  made.  If  work  has  not  progressed  sat- 
isfactorily for  any  cause,  the  reason  for  and  extent  of  the  delay  should  be  stated. 

Recommendations  concerning  the  work  in  hand,  the  completeness  of  the  surveys, 
additional  investigations  required  or  suggested,  or  other  matters  affecting  the  value 
of  the  work  should  be  made  when  necessary.  Estimates  should  be  made  of  the 
time  necessary  to  complete  the  work  under  way,  when  it  is  nearing  completion,  in 
order  that  arrangements  may  be  made  for  transferring  men  and  material  to  other 
places.     Recommendations  and  suggestions  are  particularly  desired. 

A  general  rule  r^arding  these  weekly  reports  is  that  they  should  relate  principally 
to  the  progress  of  the  work  which  comes  directly  under  the  care  of  the  supervising 
engineer.  Anything  concerning  purchases,  vouchers,  instruments,  the  detailing  of 
work  to  assistants,  and  the  general  administrative  work  should  not  be  embodied  in 
these  reports. 

Nothing  in  these  instructions  is  to  be  construed  as  interfering  with  correspond- 
ence with  the  supervising  engineer  at  any  time  during  the  week.  Much  of  the 
detail  office  work  regarding  supplies,  instruments,  etc.,  is  attended  to  by  his  assist- 
ants. The  correspondence  of  the  office  is  so  large  that  it  is  desired  to  separate  the 
reports  from  the  mere  detail  work  of  the  office.  Concise  accounts  of  work  done  will 
greatly  assist  in  this  matter. 

3.  MonthUj  progress  report, — A  monthly  progress  report,  accompanied  by  the 
monthly  time  report  and  a  sketch  map  (base  for  which  will  be  furnished),  should 
be  rendered  to  the  supervising  engineer  at  the  end  of  each  month  by  each  chief  of 
party  and  each  individual  working  independently  in  the  field.  After  they  have  been 
inspected  by  the  supervising  engineer  these  reports  will  be  forwarded  to  Washington 
for  the  information  of  the  chief  engineer. 

The  monthly  progress  report  must  be  concise,  comprising  but  a  few  paragraphs, 
and  must  refer  strictly  to  the  progress  of  the  work  and  the  results  accomplished 
since  the  last  monthly  progress  report  was  made,  all  statements  of  details  being 
reserved  for  the  weekly  reports,  as  noted  above.  If  work  has  been  prosecuted  on 
more  than  one  project,  a  separate  report  will  be  required  on  each,  and  the  amount 
of  work  done  on  each  must  be  clearly  set  forth. 

In  case  of  surveys  for  reservoir  sites  the  report  should  state  approximately  the 
number  of  square  miles  surveyed,  scale  of  map,  contour  interval,  character  of 
country  (as  rough,  broken,  wooded),  etc.  In  reporting  on  leveling,  the  number  of 
miles  run  and  number  of  bench  marks  established,  etc.,  should  be  stated.  In 
reporting  on  canal  surveys,  the  number  of  miles  run,  whether  location  or  prelimi- 
nary, the  number  of  miles  contoured,  the  character  of  country,  whether  rough, 
wooded,  etc.,  should  be  stated.  In  reporting  on  drilling  for  bed  rock  at  a  dam  site, 
the  number  of  holes  sunk,  the  aggregate  number  of  feet  driven,  and  the  number  of 
feet  of  diamond  drilling  should  be  stated,  and  a  general  statement  should  be  added 
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as  to  the  suitability  of  the  location  as  a  dam  site  so  far  as  developed.  In  reporting 
streajn-gaging  trips  the  routes  traversed  should  be  stated,  and  the  number  of  gagings 
made  and  where  they  were  made.  In  reconnaissance  work  a  general  account  should 
be  given  of  the  route  traversed,  the  localities  visited,  and  the  conclusions  drawn. 
Recommendations  for  the  abandonment  of  old  gaging  stations  or  establishing  of 
new  ones  are  desired. 

Each  chief  of  party  or  man  working  independently  will  be  supplied  with  a  sketch 
map  of  the  locality  in  which  he  is  working,  on  which  he  should  indicate  the  areas 
surveycnl,  the  routes  travele<l,  etc.  The  monthly  progress  report,  map,  and  monthly 
time  report  (Form  9-245)  should  be  pinned  or  bound  together  and  forwarded 
promptly  to  the  supervising  engineer.  Exception  to  this  rule  will  l>e  made  only 
when  men  are  engaged  in  exten.sive  reconnaissance  or  in  stream-gaging  trips. 

4.  Month! y  report  of  expenditures  and  cost  of  xcork. — At  the  end  of  the  month  each 
chief  of  party  or  individual  working  independently  in  the  field,  in  chaige  of 
work,  such  as  to|)ography,  leveling,  canal  surveys,  borings  at  dam  sites,  etc.,  nhail 
submit  to  the  supervising  engineer  an  estimate  of  the  amount  of  work  done  and  the 
total  expenses  incurred  for  such  work  during  the  month.  He  shall  also  estimate  as 
closely  as  possible  the  cost  per  unit  for  the  work,  as  per  square  mile  for  topography, 
per  foot  for  borings,  per  mile  for  canal  surveys,  etc.  At  the  completion  of  the  survey 
detailed  estimates  of  the  total  cost  and  unit  cost  of  work  will  be  required  from  each 
chief  of  party. 

In  case  several  projects  are  under  way  at  the  same  time  and  are  paid  for  out  of  a 
general  fund,  the  chief  of  party  will  apportion  the  cost  among  the  different  projects  as 
closely  as  possible.  It  is  realized  that  this  is  not  precisely  accurate,  but  it  will 
closejy  approximate  the  actual  cost. 

IRRIGATION    SURVEYS    AND    THE    USE    OF   THE    PliANE 

TABIiE. 

By  J.  B.  LiPPiNcoTT. 

It  is  the  purpose  in  this  discussion  to  give  a  brief  account  of  some 
work  done  with  the  plane  table  several  years  ago  for  the  Bear  Valley 
Irrigation  Company  in  San  Bernardino  County,  Cal.  Jt  is  not  claimed 
that  the  methods  described  are  new,  except  in  a  few  instances,  l>ut 
because  so  much  topographic  work  is  done  b}^  methods  that  seem  to 
those  who  understand  the  plane  table  as  being  painfully  crude,  this 
discussion  may  be  interesting  and  perhaps  useful. 

The  Bear  Valley  Irrigation  Company  surveyed,  and  in  part  con- 
structed, a  canal  from  Santa  Ana  Canyon  to  the  town  of  Alessandro,  a 
distance  of  about  40  miles.  The  canal  was  to  be  a  cemented  channel, 
designed  to  carry  about  240  cubic  feet  per  second.  The  plan  adopted 
for  these  surveys  was  to  first  run  a  preliminary  transit  angle  line  for 
the  control  of  a  topographic  map  on  which  the  location  was  to  l>e 
plotted.     Three  methods  of  topogmphic  mapping  were  tried: 

1.  Contours  were  located  in  a  few  instances  with  slope  board  and 
rod,  the  party  consisting  by  this  method  of  three  men.  The  most 
ground  was  covered  m  this  way,  but  the  least  accuracj^  was  obtained. 

2.  Rodmen  were  located  on  given  contours  at  right  angles  to  the 
stations  by  a  level  man,  using  a  hand  level  and  obtaining  his  eleva- 
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tions  from  the  stations.  Measurements  wei'e  then  made  to  the  rods 
from  center,  and  all  notes  were  recorded  by  the  topographer  in  his 
notebook.  The  party  in  this  case  consisted  of  a  topographer,  level 
man,  two  rodmen,  and  one  or  two  tape  men.  The  notes  were  sent  to 
the  office,  where  a  draftsman  compiled  the  map. 

3.  The  plane  table  was  used.  The  preliminary  line  had  been  run 
and  the  line  plotted  and  all  elevations  recorded  on  the  plane-table  sheet. 
The  board  was  set  up  over  a  convenient  stake  or  hub,  the  level  man 
carried  his  elevation  from  the  bench  marks,  giving  a  check  on  these 
a.s  he  went,  the  rods  were  placed  on  contours  and  sighted  with  the 
alidade,  sights  being  taken  with  care  and  not  allowed  to  be  over  300 
feet  long.     Philadelphia  rods  were  used. 

In  a  country  where  the  slope  is  somewhat  even  and  about  2  hori- 
zontal to  1  vertical  with  canyons  from  30  to  70  feet  deep  every  300  to 
500  feet  and  with  no  brush,  the  speed  with  a  party  of  five  (topogra- 
pher, level  man,  two  rodmen,  and  a  general  helper  for  umbrella  man) 
will  be  from  2,500  to  4,000  feet  a  day,  actually  locating  four  10- foot 
contours  and  sketching  five  or  six  more,  and  interpolating  the  5-foot 
contours.  In  the  same  country  the  speed  with  method  No.  2,  locating 
the  same  number  of  contours,  will  be  about  the  same,  reading  being 
taken  at  each  station.  With  the  slope  board  the  speed  will  be  dou})led, 
with  readings  at  every  station.  There  will,  however,  be  a  marked 
difference  in  the  quality  of  work. 

Suppose  we  have  the  preliminary  line  running  up  to  and  crossing 
canyons  50  or  60  feet  deep  and  say  200  feet  wide.  There  may  l>e  the 
opportunity  of  selecting  a  crossing  from  two  or  three  different  points 
or  of  running  approximately  around  on  the  contour.  The  plane  table 
has  a  600-foot  range  before  leaving  the  center  line.  By  a  traverse  the 
plane  table  may  occupy  a  series  of  new  points  at  any  distance  from  the 
line,  giving  new  points  of  observation,  from  which  may  be  made  a 
detail  survey  of  the  canyon  quickly  and  closely.  By  the  use  of  the 
vertical  angle  the  scope  of  the  work  is  greatly  increased.  As  for  the 
slope  board,  in  a  case  of  this  sort  it  is  helpless.  Its  range  is  only  15 
or  20  feet  and  the  topographer  can  make  only  a  rough  sketch  by  the 
eye  of  remaining  portions. 

With  the  second  method  the  conditions  are  improved  by  the  use  of  a 
hand  compass,  and  the  tape  traverse  line  may  be  carried  up  a  canyon, 
and  the  elevations  taken  along  with  the  hand  level,  but  the  work  will 
be  of  the  crudest  nature.  There  are  no  stadia  wires  to  take  readings 
across  the  canyons  and  no  vertical  arc  to  assist  in  extending  the  infor- 
mation desired,  and  most  of  all,  the  great  advantage  of  skilled  and 
intelligent  sketching  directly  on  the  sheet  at  the  time  of  observation, 
assisted  by  numerous  located  points  is  lost. 

It  has  been  the  verdict  of  topographers  on  the  United  States  Geo- 
logical Survey  that  the  only  way  to  get  an  expressive  and  accurate 
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topographic  map  is  to  plot  and  sketch  it  in  the  field.  Where  field 
notes  are  turned  over  to  an  office  man,  or  even  where  the  notes  are 
recorded  and  subsequently  developed  by  the  same  man,  it  is  believed 
that  numerous  errors  are  unavoidable,  and  that  nearly  all  the  expres- 
sion is  lost. 

The  same  argument  pertains  with  especial  force  to  places  where 
a  tunnel  is  proposed.  The  possibilities  of  several  positions  can  be 
studied  on  the  plane-table  sheets,  including  in  many  cases,  the  length 
of  line  around  the  point,  a  condition  that  could,  with  difficulty,  if  at 
ail,  be  covered  by  either  of  the  other  two  methods  of  procedure. 
Some  may  argue  that  all  these  conditions  ought  to  bo  shown  by  addi- 
tional preliminary  lines.  This  may  be  true  and  frequently  the  work 
is  done  in  this  way,  but  it  takes  nearly  as  long  and  a  larger  party  to 
run  the  preliminary  line  as  to  run  four  or  five  10-foot  contours,  and 
the  information  from  the  bare  line  is  not  nearly  so  complete.  I  might 
state  that  it  has  been  my  experience  that  a  line  of  this  nature  may  be 
run  by  plane-table  traverse  around  a  canyon  or  point  a  distance  of 
from  2,000  to  4,000  feet  and  may  close  on  the  board  within  from  1  to 
3  feet,  the  work  being  on  a  scale  of  50  feet  to  1  inch. 

When  the  country  is  open  and  smooth,  without  canyons,  from  5jnw/ 
to  6,000  feet  a  day  can  be  made,  locating,  say,  about  6  contours  of 
5-foot  interval  and  sketching  the  2-foot  intervals. 

In  running  through  a  very  broken  mesa  country,  and  usuall3' across 
drainage  lines,  the  slopes  being  about  1  to  1,  with  everything  covered 
by  a  dense  growth  of  brush,  an  average  speed  of  about  1,700  feet  a 
day  was  maintained,  and  at  this  time,  as  at  others,  a  careful  map  was 
made,  frequentl}'^  from  500  to  1,000  feet  on  each  side  of  the  line,  in 
order  to  give  information  concerning  several  routes. 

Unfortunately,  location  lines  were  plotted  only  on  the  topographic 
sketch  that  was  drawn  on  the  plane  table,  so  that  an  absolute  compari- 
son of  accuracy  between  the  different  methods  can  not  be  given  at 
present.  However,  the  plane-table  work  has  stood  severe  tests.  The 
average  error  of  the  contour  map  is  about  6  inches.  These  errors 
came  in  principally  on  crossing  canyons,  and  are  on  the  steep  slopes: 
on  the  benches  and  uniform  slopes  the  average  error  is  about  3  inche&i. 

With  a  map  of  this  nature  a  very  detailed  study  can  be  made  of 
various  grades,  and  from  the  slopes  shown  an  accurate  estimate  of  the 
cost  of  the  work  can  bo  had.  The  cost  of  this  plane-table  work  is 
about  $18.50  for  each  working  day.  In  country  such  as  was  first 
described,  with  a  speed  of  3,500  feet  a  day,  this  will  amount  to  say  $2vS 
a  mile;  in  smooth,  open  country,  at  5,000  to  6,000  feet  a  day,  we  have 
a  cost  of  say  $18  a  mile;  and  in  the  country  last  described,  where  all 
the  conditions  are  about  as  bad  as  possible,  the  cost  will  be  about 
$57.50  a  mile. 
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The  cost  of  taking  topography  by  the  second  method,  i.  c.,  with  hand 
level,  when  we  consider  the  increased  expense  of  office  work,  is  just 
».l>out  the  same,  and  the  results  are  much  less  satisfactor}'^  than  with 
t  he  plane  table.     A  portion  of  the  survey  for  the  Santa  Ana  canal  is 
Along  the  face  of  a  box  canyon,  which  is  practically  a  vertical  roi*k  wall. 
I  n  cases  of  this  kind  topographic  work  had  to  be  done  largely  by  the 
use  of  vertical  angles,  the  rods  teing  taken  wherever  they  could  be 
lield  and  as  many  points  as  possible  located  by  intersection,  the  topog- 
raphy being  in  the  nature  of  a  general  sketch.     In  this  locality  the 
preliminary  line  was  run  as  near  to  an  assumed  grade  as  possible,  but 
triangulation  was  frequently  resorted  to. 

On  the  general  topographic  map  a  grade  line  was  plotted  and  men 
were  put  to  work  to  clear  out  a  trail  as  near  this  line  as  possible.  This 
line  was  then  run  out  and  plotted  on  plane-table  sheets  of  unifonn 
size  on  a  scale  of  30  feet  to  1  inch.  The  sheets  were  put  on  a  board 
without  a  tripod  and  taken  on  the  line.  The  rods  were  placed  on  con- 
tour with  hand  level  and  measurements  taken  to  them,  the  points  being 
plotted  on  the  board  and  sketching  done  at  the  same  time.  Measure- 
ments of  this  nature  were  taken  at  short  intervals,  and  the  topography 
was  put  in  with  precision.  The  final  location  was  then  plotted  on  these 
sheets.  This  method  gives  very  good  satisfaction  in  country  of  this 
nature. 

In  undulating  rough  or  side  hill  country  a  plane  table  survey  in  detail 
as  described  above  is  believed  to  be  justifiable,  but  for  a  flat  or  uniform 
plain  probably  satisfactory  results  can  be  obtained  at  less  cost  by  elimi- 
nating the  contour  map  and  trusting  to  angle  lines  alone. 

THE  USE  OF  AliKAIilXE  WATERS  FOR  IRRIGATIOISr.a 

By  Thomas  H.  Means, 

In  charge  of  alkali  reclamation  work  for  th4i  Bureau  of  Solh  of  the 

Department  of  Agriculture, 

During  the  summer  of  1902  a  representative  of  the  Bureau  of  Soils 
visited  the  oases  of  the  Oued  Rihr  country  in  the  Desert  of  Sahara,  in 
eastern  Algeria.  In  these  oases  artesian  waters  carrying  very  large 
quantities  of  soluble  matter  are  used  successfully  for  irrigation.  From 
the  information  gathered  there,  and  from  experience  in  this  country, 
it  seems  that  the  amount  of  soluble  matter  allowable  in  an  irrigation 
water  has  been  greatly  underestimated  by  American  writers,  and  that 
many  sources  of  water  which  have  been  condemned  can  be  used  with 
safety  and  success,  provided  the  proper  precautions  are  taken  to  pre- 
vent the  accumulation  of  the  salts.  As  the  precautions  are  those 
which  should  be  taken  by  every  irrigator,  even  if  pure  water  is  used, 

aEztzact  from  Circular  No.  10  of  Uie  Bureau  of  SoUs^  July  1, 190S. 
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it  seems  an  important  matter  to  bring  before  the  American  people  the 
methods  in  use  in  the  Sahara. 

The  staple  crop  grown  by  the  Arabs  in  the  oasis  country,  is  the  date, 
the  fruit  of  a  palm  tree  known  to  be  one  of  the  plants  most  resistant 
to  alkaline  or  saline  conditions  of  the  soil,  but  in  addition  to  this  con- 
siderable quantities  of  deciduous  fruits,  garden  vegetables,  and  alfalfa 
are  produced  for  home  consumption. 

Some  of  the  vegetables  successfully  grown  are  those  considered 
sensitive  to  alkali,  and  yet  they  are  irrigated  with  water  containing  in 
some  instances  as  much  as  800  parts  of  soluble  salts  to  100, 0(X)  partsJ 
of  water,  sometimes  as  high  as  50  per  cent  of  the  salts  being  sodium 
chloride. 

The  limit  of  concenti'ation  for  irrigation  water  in  the  United  Statea, 
even  where  only  the  most  resistant  field  crops  arc  to  be  grow^n,  has 
been  placed  by  some  authorities  at  30  parts  sodium  chloride  (common 
salt)  or  sodium  carbonate  (black  alkali),  and  at  from  170  to  300  parts 
of  the  less  haniif  ul  salts,  per  100,000  of  water.  The  Bureau  of  Soils, 
however,  several  years  ago  insisted  that  water  of  a  somewhat  higher 
salt  content  might  be  used  if  the  soil  had  good  natural  drainage  or 
artificial  drainage  were  supplied,  and  the  methods  of  irrigation  were 
modified  to  suit  the  different  conditions.  Thus  in  1899**  the  following 
statements  were  made  after  a  stud}^  of  soils  and  alkali  conditions  in 
the  Pecos  Valley,  New  Mexico: 

Next  to  the  ownership  of  the  land  and  the  labor  questions  the  most  important 
cause  of  the  trouble  in  the  larger  portion  of  the  Pecos  Valley  is  the  high  salt  content 
of  the  irrigation  water,  especially  in  certain  seasons. 

At  Roswell  the  principal  water  supply  contains  about  76  parts  of  soluble  matter  in 
100,000  parts  of  water.  At  Hagerman  this  is  increa8e<l  to  about  200  partt«,  at  Carb^liad 
to  240  parts,  at  P'lorence  to  280  parts,  at  Red  Bluff  to  316  parts,  at  Pecos  City,  Tex.,  to 
400  parts,  and  below  Pecos  City  to  over  500  parts.  Five  hundred  parts  of  s^iluble 
matter  may  be  taken  as  the  extreme  limit  of  endurance  for  plants,  while  250  or  ittX) 
parts  mark  the  danger  point  at  which  the  results  of  the  use  of  the  wat4^r  are  very 
uncertain. 

******  * 

The  limit  of  endurance  for  most  cultivateil  plants  in  a  water  solution  is  about  1  j¥»r 
cent,  or  1,000  parts  of  the  readily  soluble  salts  in  100,000  parts  of  water,  but  it  nub-i 
be  remembered  that  in  field  culture  the  water  is  applied  to  soils  already  containing 
more  or  less  of  these  salts,  and  also  that  evaporation  and  (^nsequent  concentration 
immediately  set  in  after  the  application  of  water.  It  was  found  at  Carlsba<I  that 
about  3(X)  parts  of  soluble  matter  per  100,000  parts  of  water  marked  the  extn^me 
limit  of  safety  of  the  use  of  water  at  that  place. 

One  thing  should  be  said  in  connection  with  the  Carlsbad  area,  which  seems 
rather  anomalous  in  view  of  the  statements  of  other  Investigators,  namely,  that  with 
a  water  supply  so  near  the  limit  of  crop  endurance  as  this  becomes  at  times  and  in 
those  areas  in  which  there  is  already  a  large  accumulation  of  salts,  economy  in  the 
use  of  irrigation  water,  which  is  generally  recommended  in  alkali  regions,  is  one  of 


a  Kept.  64,  Field  Operations,  Division  of  Soils,  1899. 
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the  worst  methoda  wliich  can  be  p«U!tio>e<l.  Whero  the  soil  contains  a  relatively 
lar^r  amount  of  salt  and  bat  little  water  containing  niuc^h  salt  is  frequently  applie<l, 
tlie  ordinary  evaporation  will  increase  the  salt  content  of  the  soil  to  such  an  extent 
tliat  crops  can  no  longer  survive;  whereas  if  adequate  drainage  is  provided,  and  a 
large  amount  of  water  is  used,  the  excess  of  salt  resulting  from  the  evaporation  of 
previous  applications  of  water  may  be  removed,  and  the  soil  moisture  be  maintained 
at  nearly  the  same  concentration  as  the  water  supply. 

The  fact  that  the  Arabs  in  Algerian  oases  arc  actually  growing  sen- 
sitive plants  by  the  aid  of  irrigation  waters  containing  from  400  to  800 
p>arts  of  soluble  salts,  in  some  instances  50  per  cent  sodium  chloride, 
shows  that  the  Bureau  has  been  on  the  conservative  side  in  its  esti- 
mates, and  should  encourage  a  more  hopeful  feeling  among  people 
occupying  areas  where  only  alkali  water  is  available  for  irrigation. 

The  prerequisite  to  the  use  of  water  of  high  salt  content  in  irrigation 
is  the  knowledge  that  the  methods  employed  are  opposed  to  the  teach- 
ings of  most  American  writers  on  the  subject.  Those  who  place  low 
the  limit  of  safety  for  alkaline  irrigation  waters  have  taught  that 
where  water  was  badly  alkaline  irrigation  should  be  sparing.  They 
have  not  insisted  on  thorough  drainage,  and  they  have  warned  irriga- 
tors against  too  frequent  irrigation.  With  such  practices  the  limit  of 
concentration  which  they  set  is  probably  high  enough,  and  even  then 
all  except  the  most  sandy  soils  or  those  with  exceptionally  good 
natural  drainage  would  ultimately  be  damaged. 

The  methods  in  the  oases  are  quite  different.  The  Arab  gardens  are 
divided  into  small  plots  about  20  feet  square,  between  which  run  drain- 
age ditches  dug  to  a  depth  of  about  3  feet.  The  soils  being  very  light 
and  sandy,  this  ditc^.hing  at  short  intervals  insures  the  most  rapid  and 
thorough  drainage.  Irrigation  is  by  the  check  method,  and  application 
is  made  at  least  once  a  week,  though  often  two  wettings  a  week  are 
deemed  necessary.  A  large  quantity  of  water  is  used  at  each  irriga- 
tion. Thus  a  continuous  movement  of  the  water  downward  is  main- 
tained, there  is  little  opportunity  for  the  soil  water  to  become  more 
concentrated  than  the  water  as  applied,  and  the  interval  between 
irrigations  being  so  short  but  little  accumulation  of  salt  from  evapo- 
ration at  the  surface  takes  plaoe.  What  concentration  or  accumulation 
does  occur  is  quickly  corrected  by  the  succeeding  irrigation. . 

The  native  gardens  are  situated  in  the  date  palm  groves<  and  the 
vegetables  and  fruit  are  grown  in  the  partial  shade  cast  by  these  trees. 
The  natives  not  only  have  the  question  of  very  saline  irrigation  waters 
to  contend  with,  but  the  soils  originally  are  often  very  alkaline.  In 
three  years  they  reclaim  land  too  salty  to  grow  the  minor  crops,  using 
the  saline  water  for  that  purpose,  following  the  same  plan  of  drainage 
and  weekly  irrigation  as  where  crops  are  growing.  One  garden  situated 
on  the  side  of  a  salt  flat  and  originally  very  saline  was  visited.  Here 
alfalfa  was  in  very  good  condition,  and  fig,  pomegranate,  melon,  tomato, 
iKR  93—04 17 
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cabbage,  pepper,  and  other  plants  were  growing  luxuriantly.  The 
reclamation  of  this  plat  b}'^  irrigation  twice  a  week  had  taken  three 
years. 

The  native  gardenera  exercise  great  judgment  in  adapting  their  crops 
to  the  soil  conditions.  Where  most  alkaline  the  date  palm  alone  is 
found;  in  other  parts  of  the  grove  are  grown  the  fig  and  pomegranate^ 
and  in  other  parts  the  vegetables  less  resistant  to  alkali.  The  amount 
of  salt  in  the  soil  sufficient  to  injure  the  palm  was  not  determined,  hut 
the  French  were  unsuccessful  in  an  attempt  to  establish  a  grove,  the 
water  used  in  irrigation  being  taken  from  a  salt  pond  and  containing, 
according  to  field  determinations,  3  parts  sodium  carbonate,  5  parts 
sodium  bicarbonate,  and  1,036  parts  sodium  chloride  in  100,000  parts. 

The  irrigation  water  is  all  drawn  from  artesian  wells.  Field  tests 
showed  as  high  as  816  parts  to  100,000  water  in  actual  use  on  soiU 
growing  vegetables. 

Enough  has  been  written  to  show  that  much  more  can  be  done  with 
alkaline  irrigation  water  than  has  hitherto  been  generally  thought 
possible,  and  while  the  intensive  culture  of  the  Algerian  gsirdeners  is 
not  suited  to  our  western  conditions,  there  is  believed  to  be  no 
reason  why  their  methods  can  not  be  adapted,  even  with  an  improve- 
ment in  point  of  economy,  to  more  extensive  cropping  of  the  soil. 

The  soils  in  the  Pecos  Valley  are  not  unlike  those  of  the  oases,  and 
the  general  conditions  in  the  two  places  are  somewhat  similar,  although 
the  irrigation  water,  even  at  the  lowest  stage  of  the  Pecos  River,  L? 
not  as  alkaline  as  the  artesian  water  of  the  desert,  nor  are  the  soils 
naturally  as  alkaline.  Employing  the  Algerian  method  of  frequent 
irrigation  with  generous  amounts  of  water  on  land  well  drained  by 
open  ditches  or'  tile-drains,  large  areas  now  out  of  cultivation  might 
be  used  to  grow  alfalfa,  truck,  and  other  crops. 

It  is  believed  that  a  comprehension  of  these  facts  will  bo  of  great 
value  to  the  people  of  this  country  residing  in  regions  affected  with 
alkali,  and  that  it  will  result  ultimately  in  bringing  into  cultivation 
much  land  that  has  hitherto  been  thought  worthless  because  of  the 
character  of  the  water  available  for  irrigation. 


ACCOMPANYING  PAPERS. 


THE  RECIiAMATION  luAW. 

The  full  text  of  the  reclamation  law  dated  June  17,  1902,^  is  as 
JToJIows: 

.A.N  ACT  Appropriating  the  receipts  from  the  sale  and  disponal  uf  public  lands  in  certain  States  and 
Territories  to  the  tx>n8trucUon  of  irrigation  workji  for  the  relamation  of  arid  lands. 

Be  it  enaded  by  the  Senate  and  House  of  ReprenenkUives  of  the  United  States  of  America 
in,  Omgress  assembledf  That  all  moneys  received  from  the  sale  and  disposal  of  public 
lands  in  Arizona,  California,  Colorado,  Idaho,  Kansas,  Montana,  Nebraska,  Nevada, 
!New  Mexico,  North  Dakota,  Oklahoma,  Oregon,  Sooth  Dakota,  Utah,  Washington, 
and  Wyoming,  beginning  with  the  fiscal  year  ending  June  thirtieth,  nineteen  hun- 
dred and  one,  including  the  surplus  of  fees  and  commiBsions  in  excess  of  allowances 
to  registers  and  receivers,  and  excepting  the  five  per  centum  of  the  proceeds  of  the 
sales  of  public  lands  in  the  above  States  set  aside  by  law  for  educational  and  other 
purposes,  shall  be,  and  the  same  are  hereby,  reserved,  set  aside,  and  appropriated  as 
a  Hpecial  fund  in  the  Treasury  to  be  known  as  the  ''reclamation  fund,''  to  be  used  in 
the  examination  and  survey  for  and  the  construction  and  maintenance  of  irrigation 
works  for  the  storage,  diversion,  and  development  of  waters  for  the  reclamation  of 
arid  and  semiarid  lands  in  the  said  States  and  Territories,  and  for  the  |)ayment  of  all 
other  expenditures  provided  for  in  this  Act:  l^tomdedj  Tliat  in  case  the  receipts  from 
the  sale  and  disposal  of  public  lands  other  than  those  realized  from  the  sale  and  dis- 
|)OHal  of  lands  referred  to  in  this  section  are  insufiicient  to  meet  the  requirements  for 
tiie  support  of  agricultural  colleges  in  the  several  States  and  Territories,  under  the 
Art  of  August  thirtieth,  eighteen  hmidred  and  ninety,  entitled  ''An  Act  to  apply  a 
portion  of  the  proceeds  of  the  public  landij  to  the  more  complete  endowment  and 
support  of  the  colleges  Cor  the  benefit  of  agriculture  and  the  mechanic  arts,  estab- 
lished under  the  provisions  of  an  Act  of  Congress  approved  July  second,  eighteen 
hundred  and  sixty-two,*'  the  deficiency,  if  any,  in  the  sum  necessary  for  the  support 
of  the  said  colleges  shall  be  provided  for  from  any  moneys  in  the  Treasury  not  other- 
wise appropriated. 

Sbc.  2.  That  the  Secretary  of  the  Interior  is  hereby  authorized  and  directed  to 
make  examinations  and  surveys  for,  and  to  locate  and  construct,  as  herein  i)rovided, 
irrigation  works  for  the  storage,  diversion,  and  development  of  waters,  including 
artesian  wells,  and  to  report  to  Congress  at  the  beginning  of  each  regular  session  as 
t^>  the  results  of  such  examinations  and  surveys,  giving  estimates  of  cost  of  all  con- 
U^mplated  works,  the  quantity  and  location  of  the  lands  which  can  be  irrigated 
therefrom,  and  all  facts  relative  to  the  practicability  of  each  irrigation  project;  also 
the  cost  of  works  in  process  of  construction  as  well  as  of  those  which  have  been 
completed. 

Sbc.  3.  That  the  Secretary  of  the  Interior  shall,  before  giving  the  public  notice 
provided  for  in  section  four  of  this  Act,  withdraw  from  public  entry  the  lands  required 
for  any  irrigation  works  contemplated  under  the  provisions  of  this  Act,  and  shall 
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restore  to  public  entry  any  of  the  lands  so  withdrawn  when,  in  his  judgment^  sath 
lands  are  not  required  for  the  purposes  of  this  Act;  and  the  Secretary  of  the  Interior 
is  hereby  authorized,  at  or  immediately  prior  to  the  time  of  beginning  the  sarvevF 
for  any  contemplated  irrigation  works,  to  withdraw  from  entry,  except  nnder  th* 
homestead  laws,  any  public  lands  believed  to  be  susceptible  of  irrigation  from  iml 
works:  Provided^  That  all  lands  entered  and  entries  made  under  the  homestead  laws 
within  areas  so  withdrawn  during  such  withdrawal  shall  be  subject  to  all  the  pn> 
visions,  limitations,  charges,  terms,  and  conditions  of  this  Act;  that  said  survifTs 
shall  be  prosecuted  diligently  to  completion,  and  upon  the  completion  thereof, 
and  of  the  necessary  maps,  plans,  and  estimates  of  cost,  the  Secretary  of  the  Interior 
shall  determine  whether  or  not  said  project  is  practicable  and  advisable,  and  if 
determined  to  be  impracticable  or  unadvisable  he  shall  thereupon  restore  said  lands 
to  entry;  that  public  lands  which  it  is  proposed  to  irrigate  by  means  of  any  contem- 
plated works  shall  be  subject  to  entry  only  under  the  provisions  of  the  homeste*! 
laws  in  tracts  of  not  less  than  forty  nor  more  than  one  hundred  and  sixty  acres,  and 
shall  be  subject  to  the  limitations,  charges,  terms,  and  conditions  herein  pro\idefi: 
Providedy  That  the  commutation  provisions  of  the  homestead  laws  shall  not  apply 
to  entries  made  under  this  Act. 

Sec.  4.  That  upon  the  determination  by  the  Secretary  of  the  Interior  that  any  irri- 
gation project  is  practicable,  he  may  cause  to  be  let  contracts  for  the  construction  of 
the  same,  in  such  portions  or  sections  as  it  may  be  practicable  to  construct  and  com- 
plete as  parts  of  the  whole  project,  providing  the  necessary  funds  for  such  portions 
or  sections  are  available  in  the  reclamation  fund,  and  thereupon  he  shall  give  public 
notice  of  the  lands  irrigable  under  such  project,  and  limit  of  area  per  entry,  whirh 
limit  shall  represent  the  acreage  which,  in  the  opinion  of  the  Secretary,  may  be 
reasonably  required  for  the  support  of  a  family  upon  the  lands  in  question;  abo  of 
the  charges  which  shall  be  made  per  acre  upon  the  said  entries,  and  upon  lands  in 
private  ownership  which  may  be  irrigated  by  the  waters  of  the  said  irrigation  pri>j- 
ect,  and  the  number  of  annual  installments,  not  exceeding  ten,  in  which  such  chaives 
shall  be  paid  and  the  time  when  such  payments  shall  commence.    The  said  charps^ 
shall  be  determined  with  a  view  of  returning  to  the  reclamation  fund  the  estiniateif 
cost  of  construction  of  the  project,  and  shall  be  apportioned  equitably:  ProHdtd, 
That  in  all  construction  work  eight  hours  shall  constitute  a  day's  work,  and  no 
Mongolian  labor  shall  be  employed  thereon. 

Sec.  5.  That  the  en  try  man  upon  lands  to  be  irrigated  by  such  works  shall,  in  addi- 
tion to  compliance  with  the  homestead  laws,  reclaim  at  least  one- half  of  the  total 
irrigable  area  of  his  entry  for  agricultural  purposes,  and  before  receiving  patent  for 
the  lands  covered  by  his  entry  shall  pay  to  the  Government  the  changes  apportioned 
against  such  tract,  as  provided  in  section  four.  No  right  to  the  use  of  water  for  land 
in  private  ownership  shall  be  sold  for  a  tract  exceeding  one  hundred  and  sixty  acres 
to  any  one  landowner,  and  no  such  sale  shall  be  made  to  any  landowner  unless  he 
be  an  actual  lx)na  fide  resident  on  such  land,  or  occupant  thereof  residing  in  the 
neighborhood  of  said  land,  and  no  such  right  shall  permanently  attach  until  all  pay- 
ments therefor  are  made.  The  annual  installments  shall  be  paid  to  the  receiver  of 
the  local  land  office  of  the  district  in  which  the  land  is  situated,  and  a  failure  to  make 
any  two  payments  when  due  shall  render  the  entry  subject  to  cancellation,  with  the 
forfeiture  of  all  rights  under  this  Act,  as  well  as  of  any  moneys  already  paid  thereon. 
All  moneys  received  from  the  above  sources  shall  be  paid  into  the  reclamation  fund. 
Registers  and  receivers  shall  be  allowed  the  usual  commissions  on  all  moneys  paid 
for  lands  entered  under  this  Act. 

Sec.  6.  That  the  Secretary  of  the  Interior  is  hereby  authorized  and  directed  to  use 
the  reclamation  fund  for  the  operation  and  maintenance  of  all  reservoirs  and  irriga- 
tion works  constructed  under  the  provisions  of  this  Act:  Provided,  That  when  the 
payments  required  by  this  Act  are  made  for  the  major  portion  of  the  lands  irrigated 
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from  the  waters  of  any  of  the  works  herein  i>rovi(ie<l  for,  then  the  management  and 
operation  of  such  irrigation  works  shall  pass  to  the  owners  of  the  lands  irrigated 
tliereby,  to  be  maintained  at  their  expense  under  such  form  of  organization  and 
under  such  rules  and  regulations  aa  may  be  acceptable  to  the  Secretary  of  the  Inte- 
rior: Provided^  Tliat  the  title  to  and  the  management  and  operation  of  the  reservoirs 
and  the  works  necessary  for  their  protection  and  operation  shall  remain  in  the 
Government  until  otherwise  provided  by  Congress. 

Sbc.  7.  That  where  in  carrying  out  the  provisions  of  this  Act  it  l>ecomes  necessary 
to  acquire  any  rights  or  property,  the  Secretary  of  the  Interior  is  hereby  authorized 
to  acquire  the  same  for  the  United  States  by  purchase  or  by  condemnation  under 
jiulii'ial  process,  and  to  pay  from  the  reclamation  fund  the  sums  which  may  be 
needed  for  that  purpose,  and  it  shall  be  the  duty  of  the  Attomev-General  of  the 
United  States  upon  every  application  of  the  Secretary  of  the  Interior,  under  this  act, 
to  cause  proceedings  to  be  commenced  for  condemnation  within  thirty  days  from  the 
receipt  of  the  application  at  the  Department  of  Justice. 

Sec.  8.  That  nothing  in  this  act  shall  be  construed  as  affecting  or  intended  to 
affect  or  to  in  any  way  interfere  with  the  laws  of  any  State  or  Territory  relating  to 
the  control,  appropriation,  use,  or  distribution  of  water  used  in  irrigation,  or  any 
vested  right  acquired  thereunder,  and  the  Secretary  of  the  Interior,  in  carrying  out 
the  provisions  of  this  act,  shall  proceed  in  conformity  with  such  laws,  and  nothing 
herein  shall  in  any  way  affect  any  right  of  any  State  or  of  the  Federal  Government 
or  of  any  landowner,  appropriator,  or  user  of  water  in,  to,  or  from  any  interstate 
stream  or  the  waters  thereof:  Provided,  That  the  right  to  the  use  of  water  acquired 
under  the  provisions  of  this  act  shall  be  appurtenant  to  the  land  irrigated,  and 
beneficial  use  shall  be  the  basis,  the  measure,  and  the  limit  of  the  right. 

Skc.  9.  That  it  is  hereby  declared  to  be  the  duty  of  the  Secretary  of  the  Interior 
in  carrying  out  the  provisions  of  this  act,  so  far  as  the  same  may  be  practicable  and 
subject  to  the  existence  of  feasible  irrigation  projects,  to  expend  the  major  i>ortion 
of  the  funds  arising  from  the  sale  of  public  lands  within  each  State  and  Territory 
hereinbefore  named  for  the  benefit  of  arid  and  semiarid  lands  within  the  limits  of 
such  State  or  Territory:  Provided,  That  the  Secretary  may  temporarily  use  such  por- 
tion of  said  funds  for  the  benefit  of  arid  or  semiarid  lands  in  any  particular  State  or 
Territory  hereinbefore  named  as  he  may  deem  advisable,  but  when  so  used  the 
excess  shall  be  restored  to  the  fund  as  soon  as  practicable,  to  the  end  that  ultimately, 
and  in  any  event,  within  each  ten-year  period  after  the  passage  of  this  act,  the 
expenditures  for  the  benefit  of  the  said  States  and  Territories  shall  be  equalized 
according  to  the  proportions  and  subject  to  the  conditions  as  to  practicability  and 
feasibility  aforesaid. 

Sec.  10.  That  the  Secretary  of  the  Interior  is  hereby  authorized  to  perform  any 
and  all  acts  and  to  make  such  rules  and  regulations  as  may  he  necessary  and  proper 
for  the  purpose  of  carrying  the  provisions  of  this  act  into  full  force  and  effect. 

SCOPE  OF  RECLAMATION  LAW. 

The  first  step  in  any  action  taken  under  the  law  is  a  request  from 
the  engineers  of  the  reclamation  service,  made  through  the  head  of 
the  organization,  the  Director  of  the  Geological  Survey,  to  the  Sec- 
retary of  the  Interior,  for  the  v^rithditiwal  from  entry  of  certain 
specified  lands  with  a  view  to  their  examination  in  the  field,  in  order  to 
determine  the  practicability  of  constructing  irrigation  works  for  reclaim- 
ing them.  When  this  request  is  approved  by  the  Secretary  of  the 
Interior,  the  proper  steps  are  taken,  by  the  General  Land  Office,  for 


282  FIRST   RECLAMATION   SERVICE   CONFEREKOE.  [3W,9l 

the  withdrawal  of  the  lands  through  the  local  land  office  for  the  dL<- 
tiict  in  which  they  are  located.  Thereafter  no  entries  will  be  allowed, 
except  under  the  provisions  of  the  homestead  law,  as  modified  by  the 
limitations  and  conditions  of  the  act.  In  accordance  there'vrith  thev 
may  be  limited  to  an  area  as  small  as  40  acres,  and  will  not  be  subject 
to  the  commutation  provisions  of  the  homestead  law.  The  entryman 
may,  therefore,  be  required  to  reduce  the  area  of  his  entry  to  toich 
limit  as  in  the  opinion  of  the  Secretary  of  the  Interior  may  be  rea^wn- 
ably  required  for  the  suppoi*t  of  a  family,  and  will  be  called  upon  to 
pay  the  charges  per  acre  which  may  be  determined  on  in  not  more 
than  ten  annual  installments. 

As  soon  as  possible  after  such  withdrawal,  engineers  are  instructed 
to  make  the  survey  of  the  lands  and  of  proposed  canals  and  reservoirs: 
also  to  conduct  neccvssary  engineering  investigations  concerning  the 
water  supply  and  the  conditions  under  which  the  construction  will  he 
carried  on.  Upon  the  completion  of  this  work  the  results  are  to  be 
summarized  and  submitted  to  the  Secretary  of  the  Interior,  with  such 
recommendations  as  may  be  deemed  advisable  by  the  Director  of  the 
Geological  Survey,  together  with  maps,  plans,  and  estimates  of  cost. 

It  will  then  be  the  duty  of  the  Secretary  of  the  Interior  to  determine 
whether  or  not  such  project  is  practicable  and  advisable.  If  deter- 
mined to  be  impracticable  or  inadvisable,  he  will  restore  to  the  public 
domain  the  lands  withdrawn,  and  they  will  become  subject  to  the 
public-land  laws,  as  if  such  withdrawal  had  never  been  made.  If  the 
project  is  approved  by  the  Secretary  of  the  Interior,  he  msLj  cause 
contracts  to  l>e  lot  for  tlie  construction  of  the  proposed  works,  either 
as  a  whole  or  for  such  portion  or  section  as  will  constitute  a  complete 
system,  if  it  should  be  deemed  best  not  to  undertake  the  entire  project 
at  that  time.  He  will  thereupon  give  public  notice  of  the  land  which 
may  be  reclaimed  thereunder,  and  of  the  particular  limitations  con- 
templated by  the  law  as  to  area,  cost,  number  of  installments,  date  of 
payments,  etc. 

As  soon  as  it  shall  be  possible  to  furnish  water  for  the  irrigation  of 
any^  particular  portion  of  the  lands  involved,  the  entrymen  thereon 
will  l)e  allowed  to  take  the  water;  and  as  construction  pix)gresses 
additional  lands  will  }yc  supplied  from  time  to  time. 

When  payments  have  been  made  in  full  for  the  major  portion  of  the 
lands  irrigable  under  an}'^  system,  the  management  and  operation  of 
the  irrigation  works  will  pass  to  the  owners  of  the  land  irrigated 
therefrom,  to  be  maintained  at  their  expense,  under  such  form  of 
organization  and  under  such  rules  and  regulations  as  may  be  accept- 
able to  the  Secretary  of  the  Interior;  it  is  provided,  however,  that 
the  title  to  the  reservoirs  and  the  works  necessary  for  their  protection 
and  operation  shall  remain  in  the  Government,  and  that  they  shall  con- 
tinue under  the  control  and  management  of  the  Government  unless 
otherwise  provided  by  Congress. 
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MEASUREMENT  OF  Fi:X>W  OF  STREAMS. 

By  E.  C.  Murphy. 

The  minimum  yearly  flow  of  streams  for  periods  of  about  a  week  is 
very  important,  and  resident  hydrogmphers  should  make  special  effort 
to  obtain  it  on  all  important  streams.  It  is  not  the  smallest  quantity 
that  flows  past  the  station  per  year  that  is  desired,  but  the  average 
nntiiral  flow  for  about  a  week  when  the  flow  is  least. 

On  nearly  all  important  streams  a  part  of  the  natural  flow  is  held 
back  in  ponds  for  a  few  hours  a  day  and  on  the  smaller  streams,  in 
some  cases,  for  two  or  more  days  at  a  time  and  then  allowed  to  flow 
through  water  wheels  in  a  comparatively  short  time.  Ordinarily,  the 
pond  is  drawn  down  below  the  crest  of  the  dam  during  the  day  and 
fills  up  again  during  part  of  the  night.  The  proper  time  to  make  a 
measurement  of  the  flow  in  a  case  of  this  kind  is  early  in  the  morning, 
before  the  water  wheels  are  put  into  use  and  while  the  water  is  still 
flowing  over  the  crest  of  the  dam. 

The  gage  reader  should  read  the  gage  carefully  to  hundredths  of  a 
foot  twice  a  day,  once  when  the  wheels  are  running  and  once  when 
they  are  not  running.  He  should  also  keep  a  record  of  the  number  of 
hours  a  day  that  the  wheels  are  in  use. 

The  low-water  conditions  at  each  gaging  station  on  which  the  accu- 
racy of  the  work  depends  should  be  carefully  described,  such  as  num- 
ber of  channels,  depth,  width,  velocity,  and  roughness  of  each  channel, 
as  well  as  the  eflfect  of  dams,  canals,  etc.,  on  the  flow. 

No  gaging  station  should  be  established  without  the  written  consent 
of  the  chief  engineer.  A  request  for  a  station  should  be  addressed  to 
the  director  of  the  Geological  Survey  and  sent  to  the  resident  hydrog- 
rapher,  who  will  examine  the  need  therefor,  the  proposed  site,  and 
report  to  the  chief  engineer  with  recommendations.  The  selection  of 
gaging  stations  is  the  most  important  part  of  the  resident  hydrog- 
rapher's  work,  and  should  not  be  entrusted  to  an  assistant. 

The  first  and  most  impoiiiant  question  to  settle  at  a  proposed  station 
is,  will  the  results  obtained  be  of  a  reasonable  degree  of  accuracy  for 
all  river  stages.  If  not,  the  station  must  not  be  established  at  this 
place. 

Ordinary  flow  and  minimum  flow  results  are,  as  a  rule,  of  more 
economic  value  than  those  for  high  water;  hence  the  low-water  con- 
ditions at  a  proposed  station  determine  whether  it  is  a  good  one  or 
not.  It  follows  also  that  the  proper  time  to  seek  new  gaging  stations 
on  a  stream  is  during  low  water.  A  station  may  appear  to  be  a  good 
one  at  high  water  but  prove  to  be  a  very  poor  one  at  low  water,  on 
account  of  sluggish  flow. 

No  discharge  measurements  should  l)e  made  where  the  mean  velocity 
is  less  than  half  a  foot  per  second  in  85  per  cent  of  the  cross  section. 
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When  it  is  found  that  the  mean  velocity  is  less  than  half  a  foot  per 
second  in  85  per  cent  of  the  cross  section,  the  station  roust  be  aban- 
doned unless  a  section  having  a  velocity  of  one  foot  per  second  or  more 
can  be  found  within  a  reasonable  distance  from  the  station  that  can  be 
used  as  a  measuring  station  during  low  water. 

A  station  should  not  be  in  the  influence  of  backwater  from  another 
stream  or  lake,  and  should  not  be  in  the  influence  of  a  pond  that  may 
be  drawn  down  below  the  level  of  its  spillway. 

A  station  should  not  be  located  at  a  bend  in  a  stream  nor  at,  a  bridge 
that  crosses  the  stream  obliquely,  unless  the  piers  of  the  bridge  are 
parallel  with  the  trend  of  the  stream. 

The  stream  bed  at  a  proposed  station  should  be  fairly  regular  in 
shape  and  the  velocity  well  distributed  through  the  cross  section.  No 
station  should  be  established  unless  at  least  one  discharge  measurement 
has  been  made  and  it  is  seen  that  the  shape  of  the  cross  section  and  the 
distribution  of  velocity  are  satisfactory. 

Resident  h^'drographers  should  remember  that  records  of  flow  for 
short  periods,  except  minimum  flow  records,  are  of  comparatively 
little  vahie.  The  records  should  cover  a  period  sufficientl}'  long  to 
include  the  extremes  of  run-off.  The  stations  should  therefore  lie 
selected  and  equipped  so  that  little  or  no  change  in  them  will  l)e 
necessary  for  a  period  of  several  years. 

The  resident  hydrographer  must  keep  in  mind  also  the  cost  of  main- 
taining the  station  and  the  economic  value  of  the  results  obtained,  as 
well  as  the  accuracy  of  the  results.  The  cost  of  equipping  a  station  is, 
on  an  ave'i-age,  about  $25,  and  the  cost  of  maintenance  for  one  year  is 
about  $110,  making  a  total  for  the  first  year  of  about  $135.  The  cost 
of  maintenance  being  large,  the  number  of  important  streams  of  large 
size  being  great,  and  the  funds  at  disposal  being  limited,  the  Survo}' 
can  not  maintain  stations  on  small  streams,  the  data  from  which  are  only 
of  small  and  local  value.  In  the  case  of  a  small  stream  the  data  desired 
is  the  flow  for  a  week  or  month  per  year  when  the  flow  is  least.  This 
data  can  be  obtained  at  small  expense  without  establishing  a  station  in 
cooperation  with  the  party  desiring  the  information. 

Experience  has  shown  that  the  wire  gage  is  too  inaccurate  and  tem- 
porary to  be  longer  used  by  this  Survey.  Those  now  in  use  should 
be  replaced  as  soon  as  possible  by  wooden  ones  if  the  conditions  at 
the  station  will  permit.  If  a  wooden  gage  can  not  be  used,  then  a 
chain  one  should  be  used.  It  is  desirable  that  all  these  chain  gage^ 
should  be  alike.  To  this  end  application  should  be  made  to  the  offioe 
of  the  chief  engineer  for  all  the  necessary  hardware,  including  weight, 
chain,  pulley,  lock,  and  key. 

There  should  be  two  bench  marks  at  each  station — one  on  the  bridge, 
from  which  the  elevation  of  the  water  surface  can  be  obtained  with  a 
steel  tape;  the  other  on  the  shore  (preferably  a  copper  bolt  in  rock), 
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above  high  water.  The  length  of  the  chain  gage  should  be  measured 
at  each  visit  to  the  station;  also  the  distance  from  the  bench  mark  to 
the  water,  and  if  the  chain  length  is  found  to  have  changed,  it  should 
}>e  corrected  bj'  the  adjusting  device  at  the  upper  end  of  the  weight. 
AVhenever  a  new  gage  is  installed,  care  should  be  taken  to  have  its  0 
(zero)  exactly  at  the  elevation  of  the  0  of  the  old  one,  so  that  a  correc- 
tion to  the  gage  heights  will  not  be  nccessar\\ 

The  length  of  chain,  elevation  of  each  bench  mark,  elevation  of 
w^ator  surface  corresponding  to  gage  reading  when  gage  was  installed, 
and  all  data  necessary  for  checking  the  gage  reading  from  the  meas- 
urement of  surface  elevation  with  the  steel  tape  should  be  written  on 
the  underside  of  the  cover  of  the  gage  box  with  an  indelible  pencil, 
s<xthat  gage  chain  can  be  adjusted,  if  necessary,  before  measuring 
discharge. 

The  standard  United  States  Geological  Survey  lock  should  be  used 
on  the  gage  box,  so  that  no  time  will  be  lost  in  finding  a  key  when 
the  gage  is  visited. 

INSTRUMENTS  AND  CAMP  EQUIPMENT. 

B}"^  E.  M.  Douglas. 

In  order  to  anticipate  the  needs  of  the  average  field  party,  and  to 
provide  a  guide  for  district  engineer  and  chiefs  of  field  parties,  cor- 
respondence has  been  had  with  a  number  of  field  men,  and  various 
persons  have  been  consulted  regarding  the  articles  needed  for  the 
Avork. 

There  has  been  brought  together  an  abstract  list  of  instruments, 
giving  the  sizes,  extras,  names  of  makers,  etc.,  which  seemed  best 
adapted  for  the  work  of  the  Survey  in  general.  In  this  list  is  included 
every  instrument  thought  necessary  for  work  now  in  hand.  There  is 
also  given  a  descriptive  list  of  camp  equipment.  In  preparing  these 
lists  suggestions  have  been  received  from  Messrs.  A.  P.  Davis,  C.  H. 
Fitch,  J.  B.  Lippincott,  A.  L.  Fellows,  John  T.  Whistler,  S.  A.  Aplm, 
E.  G.  Paul,  and  others. 

INSTRUMENTS. 

Trnngits, — Made  by  Berger  <&  Sons,  catalogue  number,  Ic.  Ilaa  2 J-inch  compass 
nee<lle,  6}-inch  horizontal  circle,  two  double  verniers,  reading  to  30  secondn;  doul)le 
get  of  figures  reading  from  0  to  360  in  opposite  directions,  5-inch  vertical  (tircle,  gradu- 
.  ated  to  minutes,  all  graduatiouH  Ix^ing  on  solid  silver;  4-inch  level  on  tele8coi)e,  object 
glass  6  J -inch  clear  aperture,  erecting  eyepiece;  stadia  wires  set  to  read  5  feet  on  rod 
500  feet  distant.     Magnifying  j)Ower,  24  diameters. 

Teloicopvc  alidades. — Made  by  Fauth  &  Co.;  18-inch  ruler,  beveled  on  left  edge,  no 
graduations;  4-inch  aluminum  column,  tt^lescope  12-inch  focal  length;  object  gla^ 
l|-inch  clear  aperture;  inverting  eyepiece,  with  prism  if  requested;  stadia  wires  set 
to  cover  5  feet  on  rod  500  feet  distant;  vertical  arc,  2|-inch  radius,  facing  eyepiece 
end;  flush  vernier,  reading  to  minutes;  reversible  striding  level,  each  division  repre- 
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flenting  one  minute  of  arc;  box  compafis,  4-inch  needle,  attached  to  alidade  raler. 
(Circular  level,  1-inch  diameter,  for  leveling  plane  table,  etc.,  Beparate.) 

Box  compasses. — For  attaching  to  plane-table  boards,  or  for  use  fieparately,  4-iiicli 
needle,  one-half-inch  arc. 

Wye  levels, — Telescope  20  inches  in  length  over  all,  made  by  W.  <fc  L.  E.  Gurley; 
level  bubbles,  10  seconds  of  arc  for  each  division;  stadia  wires  reading  3  feet  on  rctd 
300  feet  distant. 

Wye  levels  for  nmning  short  lines  and  setting  gages,  made  by  W.  <fe  L.  £.  Gar]«^y; 
length  of  telescope,  15  inches;  stadia  wires,  3  to  300  feet. 

MouTiiam  transits. — Made  by  W.  &  L.  E.  Gurley;  4-inch  needle;  horizontal  rirtl<», 
5}  inches  in  diameter,  graduated  on  silver  to  single  minutes,  figured  in  both  dinv- 
tions,  0°  to  360°;  vertical  cin-lo,  ^  inches  in  diameter,  graduated  to  single  minuter: 
level  on  telescope;  packed  in  leather  case  with  carrying  straps;  extension  tripod  or 
stiff-leg  tripod,  as  desired. 

yfyMTOMfo. ^Diameter,  2}  inches,  pocket  style;  heights,  3,000,  6,000,  8,000,  10,000, 
and  15,000  feet;  the  3,000  feet  reads  altitudes  to  10  feet,  the  5,000  to  20  feet,  and  the 
others  to  50  feet. 

Field  glasses. — "Lemaire"  make;  jointed  frames;  5  inches  long  when  clowti; 
If-inch  objective. 

Price  current  meter, — Made  by  W.  <fe  L.  E.  Gurley,  in  two  sizes.  Small  size,  t*»tal 
length,  15  inches;  outside  diameter  of  revolving  cup  wheel,  5  inches.  lArge  pixe, 
extreme  length,  23  inches;  diameter  of  revolving  cup  wheel,  6  inches.  All  mett^rv 
equipped  with  50  feet  of  double-conductor  insulated  wire  and  supplied  with  elec- 
tric buzzer,  battery  and  chemicals  for  replenishing  same,  and  lead  weights. 

Bell  odometers, — Registering  miles  and  hundi^ths.  In  ordering,  size  of  ii*ap>Q 
wheel  must  \ye  given. 

Plane-table  boards. — Size,  24  by  31  inches,  18  by  24  inches,  and  15  by  15  inches,  the 
latter  having  compass  attached  if  desired.  Waterproof  wooden  or  leather  casee^ 
furnished  for  large-sized  boards;  leather  or  canvas  case  for  15  by  15  inch  boartls. 

PUine-taUe  tripods. — Fitte<l  with  Johnson  style  heads;  made  by  W.  &  L.  E.  Gnriey; 
48-inch  split  legs.     All  boards  mentioned  al)ove  supplie<l  with  plates  to  fit  this  triptxl 

Rain  gages. — Weather  Bureau  standards. 

Ijeveling  rods. — New  York  pattern;  made  by  W.  <fe  L.  E.  Gurley;  reading  by  wr- 
niers  to  thousandths  of  feet,  each  tenth  figtirerl ;  graduated  on  side  for  stadia  read- 
ing; furnisheil  with  winvas  clovers  and  detac'hed  plumbing  levels.  These  rods  should 
l^e  useil  for  all  primary  leveling.  Philadelphia  pattern;  to  lie  used  for  Hecondarj' 
leveling;  ma<le  by  AV.  &  L.  E.  Gurley;  self-reading  to  hundre<lths  of  a  foot;  rea^lin^ 
by  verniers  to  thousandths  of  a  foot;  without  plumbing  level. 

Tapes f  steel. — From  Lufkin  Rule  Company;  length,  300  feet,  100  feet,  50  feet,  aii<l 
6  feet;  300-foot  tape  to  l)e  used  with  spring  Imlance  and  thermometer,  latter  to  he 
standard  make;  tape  graduated  entire  length  in  feet;  last  foot  at  each  end  suUli- 
vided  into  tt^nths.  One-hnndre<l-foot  tiipe  one-fourth  inch  in  width;  detachable 
handles;  graduated  entire  length  in  feet,  tenths,  and  hundredths.  Fifty-foot  tape^ 
g^raduated  on  one  side  to  fiH'.t,  tenths,  and  hundredths;  graduated  on  reverse  side  to 
links.  Six-foot  tape,  graduato<l  to  inch<^  and  sixteenths;  graduated  on  reverse  si<le 
to  millimeters. 

Tapes,  metallic.. — I>»ngth,  50  feet  and  25  feei;  graflnated  in  feet,  tenths,  and  hun- 
dredths. 

Traverse  plane  tables^  etc. — Boanl  15  by  15  inches,  with  compass  attached;  usi?*l 
with  light  tripo<ls,  and  folding  night  alidade  6  inches  in  length. 

Drawing  instruments. — Furni.she<i  on  c(^ntract  from  Interior  Department  supplies 
Specify  kinds  and  sizes  desired.     Sets  not  furnished. 

Bench-mark  tablets. — Standard,  aluminum. 
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liench-mark  pogtx, — Standard,  iron,  4i  feet  long,  with  bracia  caps. 

Drawing  paper. — Double-mounted  for  plane-table  sheets;  single-mounted  paragon 
paper  for  traverse  work  and  general  drawing. 

Scales^  1:45000,  1:90000,  and  special  fiat  boxwood,  with  celluloid  edges. 

JflagpoUs. — Round  iron  pipe,  three-fourths  inch  in  diameter,  with  steel  shoes,  6  feet 
in  length. 

Locke  hand  level*. — Standard  size. 

Abney  hand  or  tiope  level. — Arc  reads  to  five  minutoe. 

CAMP  EQUIPMENT. 

Book  hag»y  of  heavy  ducking,  leather  bound,  will  be  furnished  from  this  office  on 
requisition. 

Water  harreU. — Wine  or  whisky  barrels  are  generally  the  only  ones  obtainable. 
These  should  be  of  a  size  proportionate  to  the  needs  of  the  camp. 

Saddle  or  pack  blankeU. — Purchase  the  .ordinary  grade  of  coarse  blankets;  not  bed 
blankets. 

Mess  boxes. — ^These  should  be  made  by  a  carpenter.  The  length  should  be  equal 
to  the  width  of  the  wagon  box  inside.  They  should  have  double  covers,  so  that 
when  the  top  cover  is  turned  back  the  tw^o  covers  will  make  a  table.  In  size  they 
should  be  in  proportion  to  the  camp,  but  not  so  large  that  when  packed  with  supplies 
they  will  be  unreasonably  heavy  to  lift  into  the  wagon. 

Stationery  boxes. — These  may  be  made  by  a  carpenter,  or  steamer  trunks  may  be 
purchased.     A  stationery  box  designed  by  John  T.  Wliistler  is  recommended. 

Biding  bridles. — ^These  and  similar  articles  should  be  plain,  of  good  quality,  but 
not  with  fancy  fittings. 

Buckets  or  paUs  should  always  be  of  galvanized  iron;  never  of  granite  iron. 

Canteens. — Covered,  3-pint  army  canteens  will  be  supplied  by  the  office  on  requisi- 
tion. Larger  canteens,  of  galvanized  iron  or  tin,  and  holding  from  one-half  to  1 
gallon,  may  be  purchased  if  necessary. 

Chairs  should  be  folding,  all  wood,  with  slats  for  seats  (not  perforated). 

Stools  should  be  folding,  with  heavy  canvas  seats. 

Table  doths  should  be  of  oilcloth,  cotton,  or  medium  grade  linen,  white  or  colored. 

Ctips. — Cups  and  all  dishes  for  use  on  table  should  be  of  white  enameled  ware, 
preferably  with  white  outside.  China,  earthenware,  glass,  or  tin  should  not  be 
bought  for  use  on  camp  tables.  (Iray  granite  ironware  may  be  purchased  if  the 
white  enameled  ware  is  not  available. 

Flags. — A  standard  flag,  3  by  5  feet  in  size,  and  also  the  regular  survey  flag,  should 
be  displayed  over  every  camp  during  working  hours.  These  will  be  furnished  from 
the  office  on  requisition. 

Tent  floors. — Worn-out  Units  may  be  cut  up  and  the  canvas  used  for  floors,  or 
12  or  14  ounce  canvas  may  be  purchased  for  the  purpose.  Woo<l  floor  of  matched 
boards  is  preferre<l  for  a  permanent  camp.  Floiirs  should  Ije  i)rovided  for  all  sleep- 
ing and  office  tents. 

T[ible  forks,  teaspoonSy  and  tablespoons  should  be  silver-plated  on  white  metal. 

Table  knives  should  Ije  silver-plated  on  steel. 

Harness  should  be  of  good  quality,  but  not  fancy.  Heavy  styles,  with  collars, 
preferred. 

Harness  blinds  should  bear  nickel-plated  letters,  U.  S. 

Branding  irons  for  branding  animals  and  numbers  for  hoof  brands  will  be  furnished 
from  the  office  on  requisition. 

Kettles. — Cooking  kettles  should  }ye  of  sheet  iron  or  sheet  steel  and  of  different 
sizes,  so  that  when  packed  they  will  ne^t  one  in  the  other. 
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Xawips.— Kerosene-oil  hanging  lamps  should  be  provided  for  the  cook's  tent,  and 
table  or  hanging  Rochester  lamps  for  each  office  tent;  smaller  sizes  for  each  sleeping 
tent.  **  Electrolite ' '  acetylene  lamps  may  be  purchased  for  use  where  transportation 
is  by  pack  train. 

NapkinSj  cotton  or  linen,  white  or  colored,  should  be  provided. 

Bread  and  dish  pans  should  be  of  tin  only;  never  of  granite  iron. 

StewpanSj  stew  basins,  and  similar  dishes  for  use  on  the  stove  should  be  of  granite 
iron. 

Riding  saddles  should  be  plain,  substantial,  and  without  elaborate  ornamental 
fittings. 

Saws  shoilld  be  of  medium  length,  with  neither  coarse  nor  fine  teeth. 

i&oves. — CJooking  stoves  should  be  of  sheet  or  cast  iron,  or  Donavin  ranges  may  be 
used.  Heating  stoves  may  l)e  of  the  Sibley  style,  but  sheet  iron  or  small  cast-iron 
box  stoves  are  preferred. 

T\ihles  should  be  of  size  proportionate  to  the  number  of  men  in  camp,  to  l)e  made 
by  a  carpenter,  and  should  be  folding  or  with  detachable  legs.  The  '*  Johnson" 
style  is  recommended.  For  a  party  of  six  or  eight  men  a  good  size  table  is  6  feet 
long,  3  feet  wide,  28  or  30  inches  high.  For  the  office  tent  a  rolling  table  may 
be  purchased  if  preferred  to  those  made  by  the  carpenter. 

Tente.— Wall  tents,  7  by  8,  9  by  9,  or  14  by  14  feet,  all  but  the  first  with  flie^,  with 
or  without  poles  or  pins,  can  be  procured  on  requisition  from  United  States  quarter- 
master, either  in  drab  or  khaki  color.  For  office  tents,  white  canvas  is  preferable 
and  may  be  purchase<i  from  dealers.  The  10  by  12  and  12  by  16  tents  designed  by 
A.  L.  Fellows  are  recommended  in  preference  to  the  army  tents.  They  may  be 
secured  from  the  Denver  contractor  through  Mr.  Fellows. 

Wagons. — For  small  parties  2i-inch  steel  skein  Studebaker  wagons,  and  for  larger 
parties  one  or  more  3-inch  steel  skein  Studel>aker  mountain  wagons  are  recom- 
mended, of  proper  gage  for  the  field  of  work.  The  3-inch  wagon  should  have  high 
seat,  and  both  sizes  should  have  bows  and  canvas  cover.  Each  should  have  on  the 
brake  side  a  box  fitted  for  carrying  a  5-gallon  kerosene  oil  can.  On  the  opposite  side 
should  be  a  stand  for  water  barrel,  above  which  iron  hooks  should  be  provi<ied  on 
which  to  carry  tent  poles  and  stovepipe.  On  the  rear  a  rack,  braced  by  a  chain  or 
rod,  may  be  placed  if  ilesired,  for  carrying  baled  hay,  stoves,  etc;  a  tool  or  "jockey 
box"  should  l)e  in  front.  For  light  wagons  to  be  used  in  transporting  men  and 
instruments,  l}-inch  spring  wagons  of  standard  make  are  preferred. 

SURVEYS  IN  OKIiAHOMA. 

By  Gerard  H.  Matthes. 

On  August  6^,  1901,  there  was  opened  to  settlement  the  southwest 
portion  of  Oklahoma  Territory,  previously  held  in  reserve  by  the 
Federal  Government  for  the  Kiowa,  Comanche,  and  Apache  Indians. 
Three  counties  came  thus  simultaneously  into  existence,  called  Kiowa, 
Caddo,  and  Comanche  counties,  with  county  seats  at  Hobart,  Ana- 
darko,  and  Lawton,  respectively.  The  lots  in  the  town  sites  of  these 
now  so-called  cities  were  sold  by  the  Government  to  the  highest  bidder, 
the  proceeds  of  the  sales  aggregating  a  sum  of  nearly  three-quartere  of 
a  million  dollars,  and  on  these  lands,  in  the  incredibly  short  period  of 
fourteen  months,  there  arose  cities  with  populations  ranging  from 
3,300  to  8,000  inhabitants.  Though  at  first  mere  agglomerations  of 
hastily  erected  tents,  these  ^^rag  towns,"  built  out  on  the  open  prairie. 
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soon  underwent  complete  uietamorphoses,  and  in  the  course  of  two 
years  a^isumed  the  aspects  of  towns.  In  keeping  with  the  mushroom- 
like  growth  of  these  cities  the  adjacent  country  was  rapidly  taken  up, 
and  as  claim  after  claim  was  fenced  in  the  once  boundless  prairie  was 
made  to  bristle  with  fence  posts  and  barbed  wire. 

The  act  of  March  3,  1901  (Stat.  L.,  vol.  31,  p.  1094),  which  opened 
the  new  country  to  settlement,  provided,  among  other  things,  that  the 
proceeds  of  the  town-lot  sales  should  be  set  aside  for  the  construction 
of  public  improvements  in  the  three  counties  and  their  county  seats. 
The  following  paragraph  is  an  extract  from  this  law: 

The  receipto  from  the  sale  of  these  lots  in  the  respective  county  seats,  shall,  after 
deducting  the  expenses  incident  to  the  surveying,  subdividing,  platting,  and  selling 
of  the  same,  be  disposed  of  under  the  direction  of  the  Secretary  of  the  Interior  in  the 
following  manner:  A  court-house  shall  be  erected  therewith  at  such  county  seat,  at 
a  coHt  of  not  exceeding  ten  thousand  dollars,  and  the  residue  shall  be  applied  to  the 
construction  of  bridges,  roads,  and  such  other  public  improvements  as  the  Secrretary 
of  the  Interior  shall  deem  appropriate,  including  the  payment  of  all  expenses  actu- 
ally necessary  to  the  maintenance  of  the  county  government  until  the  time  for  col- 
lecting county  taxes  in  the  calendar  year  next  succeeding  the  time  of  the  opening. 
No  indebtedness  of  any  character  shall  be  contracted  or  incurred  by  any  of  said 
coimties  prior  to  the  time  for  collecting  county  taxes  in  the  calendar  year  next  suc- 
cee<ling  the  opening,  excepting  where  the  same  shall  have  been  authorized  by  the 
Secretary  of  the  Interior. 

The  act  was  amended  on  June  30,  1902  (Stat.  L.,  vol.  32,  pt.  1,  p, 
506),  the  amendment  reading: 

Proinded  JurtheTf  That  tiie  Secretary  of  the  Interior  be,  and  he  hereby  is,  author- 
ized, out  of  the  proceeds  of  the  sale  of  town  lots  in  the  towns  of  Lawton,  Comanche 
County;  Anadarko,  Caddo  County;  and  Hobart,  Kiowa  County,  in  the  Territory  of 
Oklahoma,  heretofore  had  pursuant  to  the  authority  of  the  act  aforesaid,  to  cause  to  be 
expended,  subject  to  his  control  and  supervision  and  upon  the  recommendation  of  the 
legally  constituted  authorities  of  each  of  said  towns,  for  the  construction  of  public 
waterworks,  schoolhouscs,  and  such  other  municipal  improvements  as  may  be  advis- 
able and  advantageous  to  the  inhabitants  of  said  towns,  the  following  additional 
sums,,  to  wit: 

For  the  town  of  Lawton,  one  hundred  and  fifty  thousand  dollars,  for  the  town 
of  Anadarko,  sixty  thousand  dollars,  and  for  the  town  of  Holmrt,  fifty  thousand 
dollars:  Provided  further,  that  the  sum  of  ten  thousand  dollars,  provideil  in  the  act 
whereof  this  is  amendatory  for  the  construction  of  a  county  court-house  in  each  of 
the  towns  aforesaid,  shall  be  and  hereby  is  increased  to  the  sum  of  thirty  thousand 
dollars  each  for  the  construction  of  such  court-house  in  each  town. 

It  is  to  be  noted  that  this  latter  act  requires  a  recommendation  by 
the  legally  constituted  authorities  of  each  of  the  towns  in  the  matter 
of  waterworks,  schoolhouscs,  and  other  municipal  improvements. 
This  is  not,  however,  requisite  in  the  case  of  county  works. 

Among  the  first  public  improvements  to  be  made,  bridges  figure 
conspicuously.  Efforts  were  also  made  by  the  various  local  authorities 
to  provide  for  court-houses,  jails,  schools,  and  waterworks,  but  at  this 
stage  of  the  proceedings  the  Department  in  Washington  found  it  neces- 
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sary  to  reject  a  number  of  plans  and  to  annul  contracts  on  accouDt  of 
the  inefficiency  and  inadequacy  of  the  improvements  contemplated; 
and  on  account  also  of  irregular  and  unbusinesslike  proceedings  on  the 
part  of  the  city  and  county  officials.  The  failure  of  these  officials  to 
deal  successfully  with  public  matters  of  such  paramount  importance, 
and  the  serious  apprehensions  entertained  by  numerous  citizens  in  the 
three  counties,  who  realized  that  the  large  expenditure  involvcni  in  the 
construction  of  these  public  works  offered  imusual  opportunities  for 
theft,  resulted  in  a  number  of  requests  being  directed  to  the  Secretary 
of  the  Interior,  asking  that  the  Federal  Government  detail  compe- 
tent men  to  superintend  the  letting  of  contracts  and  to  ini:>pect  their 
construction. 

When,  in  March,  1903,  engineers  of  the  Geological  Survey  were 
detailed  for  this  purpose,  they  were  confronted  with  a  condition  of 
affairs  which  well-nigh  baffle  description.  Months  of  careful  investi- 
gation were  required  to  straighten  out  the  tangles  and  difficulties  in 
which  matters  relating  to  public  improvements  had  been  allowed  to 
become  involved.  It  was  found  that  such  work  as  had  been  accom- 
plished had  in  no  instance  been  done  in  full  compliance  with  the  pro- 
visions of  the  Session  Laws  of  Oklahoma  or  with  such  regulations  as 
had  been  promulgated  by  the  Secretary  of  the  Interior  relating  to  the 
manner  of  appropriating  money  for  public  improvements,  to  be  paid 
for  out  of  the  town-lot  fund. 

In  one  county  innumei'able  small  bridges  and  culverts  had  been  con- 
structed without  proper  authority  from  the  Secretary  of  the  Interior. 
Examination  of  the  claims  submitted  for  the  building  of  some  of  these 
bridges  and  culverts  showed  that  not  only  had  exorbitant  prices  been 
charged  for  lumber,  but  that  more  material  nad  been  charged  for  than 
was  actually  used.  It  also  became  known  that  bridge  lumber  hatl  been 
purloined  and  used  for  private  purposes  for  building  dancing  platforms 
and  hay  racks.  Several  bridge  conti*acts  had  been  let  for  steel  struc- 
tures without  providing  for  proper  approaches,  so  that  the  bridges, 
although  built,  remained  inaccessible  for  travel  for  a  long  period.  As 
one  local  critic  expressed  himself,  "  It  required  a  balloon  to  get  up  on 
one  end  of  some  of  these  bridges,  and  a  pai*achute  to  get  down  off  the 
other  end." 

In  a  number  of  cases  the  bridges  contracted  for  were  too  short  to 
properly  span  the  streams,  and  arc,  therefore,  of  doubtful  or  limited 
value,  since  they  do  not  afford  safe  crossing  at  times  of  high  water. 
In  one  instance  the  local  authorities  realized  the  fact  that  abridge  was 
too  short  for  use  at  a  chosen  place  and  had  it  erected  at  a  different 
point  on  the  stream,  overlooking  the  fact  that  the  new  site  selected  was 
on  an  Indian  allotment  and  not  on  a  public  highwa3\  The  Indian  agent, 
in  order  to  stop  travel  over  the  Indian  lands,  had  the  approaches 
destroyed,  and  the  bridge  remains  unused  and  unpaid  for  to  this  day, 
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and  haa  gone  down  in  the  history  of  Comanche  County  as  the  "Lost 
l>  ridge." 

In  Kiowa  County  contracts  were  let  for  the  construction  of  a  number 

of  masonry  bridge  piers  that  were  designed  to  support  steel  structures. 

It    was  found   upon  examination   that  in  no  instance  had  suitable 

foundations  been  provided;  and,  besides,  the  masonry  was  so  poor 

that   it  had  to  be  condemned  as  unfit  for  the  purpose.     Among  the 

claims  submitted  to  the  Department  for  this  work  were  found  three 

claims  for  structures  that  had  never  been  built.     This  county,  which 

covers  about  1,150  square  miles,  is  still   without   highway  bridges, 

except  small  wooden  bridges  and  culverts.     The  Secretary  ordered 

an  investigation  of  the  matter,  and  a  number  of  indictments  have  been 

brought  against  county  commissioners  and  contractors.     In  the  city 

of   Ilobart  the  construction  of  a  court-house  was  stopped,  it  being 

found  that  the  foundations  were  worthless.     The  mortar  used  was  so 

far  from  strong  that  it  lacked  even  the  quality  of  being  adhesive. 

It  has  been  the  duty  of  the  engineers  of  the  Geological  Survey  not 
only  to  investigate  the  conditions  alx>ve  described  and  to  furnish  to 
the  United  States  attorney  the  evidence  necessai^  for  the  prosecution 
of  the  guilty  parties,  but  also  to  investigate  the  sources  of  water  sup- 
ply for  the  three  county  seats,  to  provide  plans,  specifications,  and 
forms  of  contract,  and  to  advertise  for  proposals  for  the  construction 
of  the  various  public  works  mentioned.     In  doing  this  work  they  are 
confronted  almost  daily  with  the  difficulty  of  having  to  advise  and 
confer  with  local  officials,  who  in  a  majority  of  cases  appear  to  have  no 
conception  of  the  duties  that  pertain  to  their  respective  offices.     These 
officers  are  not  disposed  to  cooperate  with  the  Department,  and  it  is 
difficult  to  get  them  to  make  proper  recommendations  to  the  Secretary 
for  the  construction  of  works  that  will  be  adequate  for  the  purposes 
for  which  they  are  needed  and  reasonable  in  cost.     After  this  difficulty 
is  overcome,  it  is  necessary  finally  to  secure  the  sanction  of  the  Secre- 
tary for  the  construction  of  the  improvements  desired;  and  where  so 
many  authorities  have  to   be  consulted    much  time  is  necessarily 
required,   and  progress  under  such  conditions   }>ecomes  slow.     To 
further  complicate  matters,  the  amounts  set  aside  from  the  town-lot 
funds  are  in  many  instances  insufficient  for  the  purposes  for  which 
they  are  intended,  and  the  towns  are  required  to  supply  the  deficiencies 
by  voting  bonds. 

During  the  summer  season  of  1903  an  irrigation  reconnaissance  was 
carried  on  by  members  of  the  reclamation  service  in  the  western  and 
northwestern  counties  of  Oklahoma  Territory,  which  are  situated  on 
the  western  edge  of  the  semiarid  belt,  with  a  view  to  ascertaining  the 
possibilities  of  constructing  storage  works  and  canals  for  irrigation. 
But  two  feasible  reservoir  schemes  have  been  surveyed,  though  canaJ 
lines  DOW  cover  large  sections  of  land,  mostly  in  Kiowa  and  Comanche 
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counties.  The  reconnaissance  in  the  northwestern  counties,  which 
extended  into  the  extreme  western  portion  of  Beaver  County,  resulttti 
in  the  discovery  of  no  irrigation  prospects  worthy  of  note.  The  >»-»il 
in  the  neighborhood  of  large  rivers  is  sandy,  and  any  diversion  of 
water  from  them  will  involve  considerable  loss  hy  seepage. 

The  rivers  of  western  Oklahoma,  though  they  carry  large  amounts 
of  water  during  the  spring  season,  nearly  all  dry  up  in  summer^  and 
do  not  contain  much  water  during  the  remainder  of  the  year.  lieM?r- 
voirs  can  therefore  be  filled  but  once  a  3^ear,  and  will  be  subject  to  great 
losses  by  evaporation,  which  it  will  not  .be  possible  to  offset.  In  tJn^ 
part  of  the  country  irrigation  is  not  absolutely  essential  to  succe5>sful 
agriculture,  but  may  be  urgently  needed  once  every  two  or  three  3'ears. 
Fair  crops  were  grown  this  year  without  the  aid  of  irrigation. 

Briefly,  the  outlook  for  irrigation  enterprises  in  Oklahoma  is  not 
favorable.  There  are  no  vacant  public  lands  under  either  of  the  n,v*or- 
voir  sites  surve3'^ed,  nor  are  there  practical  irrigators  in  that  part  of 
Oklahoma.  Farmers  here  and  there  say  they  desire  to  have  irrigation 
works  built  by  the  Government,  but  most  of  them  seem  to  regard  irri- 
gation as  a  matter  of  experiment,  and  it  is  doubtful  whether  in  the  end 
they  will  be  willing  to  pay  for  the  costly  storage  works  contemplated. 

COIiORADO  RIVER  RECIiAMATION  PROJECTS. 

By  E.  T.  Perkins. 

A  consideration  of  the  results  of  the  investigation  made  in  the  winter 
of  1902-3  along  Colorado  River,  from  latitude  35^  12'  north  to  the 
Mexican  line  has  convinced  the  engineers  in  charge  that  the  following 
projects  are  either  feasible  or  worthy  of  further  examination.  In  order 
of  their  importance  and  urgent  need  of  investigation  the  projects  an? 
ranked  as  follows: 

First.  A  dam  at  the  Yuma  dam  site,  with  canals  from  this  point  to 
lands  in  California  and  lands  in  Arizona. 

Second.  A  diversion  at  the  proposed  headworks  of  the  Blythe  Estate 
canal  in  California. 

(A  strong  argument  for  these  two  propositions  is  that  Qilifoniia 
will  thereby  obtain  its  rights  under  the  reclamation  act.) 

Third,  A  diversion  at  Head  Gate  Hock,  above  Parker,  Ariz.,  with 
canal  covering  the  Colorado  River  Indian  Koservation  in  Arizona. 

Fourth.  A  dam  at  Williams  for  storage  purposes. 

Fifth.  A  diversion  at  Bulls  Head,  Ariz.,  with  canal  leading  to  the 
lands  of  the  Mohave  Valley,  Arizona.  Also  a  further  investigation 
for  bed  rock  at  Bulls  Head  for  a  high  dam  for  storage  purposes. 

It  is  believed  that  storage  sites  exist  at  points  above  Bulls  Head, 
but  they  have  not  been  investigated. 

Commencing  at  the  upper  project,  at  Bulls  Head,  and  proceeding? 
downstream,  the  various  schemes  under  consideration  present  the  fol- 
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lowing  salient  features.     In  an  investigation  for  the  Bulls  Head  dam, 
t;he  first  site  proposed  was  abandoned.     Back  of  the  rocky,  river  hills 
t^here  was  exposed  a  contact  point  of  clay  and  sand  at  an  elevation  suf- 
iiciently  low  to  jeopardize  the  plan  for  a  100-foot  dani  at  this  place. 
Such  a  structure  here  would  create  a  reservoir  with  a  capacity  of 
H45,(X)0  acre-feet  and  a  surface  area  of  16,750  acres.     While  the  con- 
ditions were  unfavorable  for  a  dam  so  high,  there  is  a  possibility  that 
a  dam  to  be  carried  60  or  70  feet  aljove  low  water  may  be  constructed, 
provided  bed  rock  is  sufficiently  close  to  the  surface.     A  dam  70 
feet  high  would  form  a  reservoir  having  a  capacit}"  of  392,000  acre- 
feet  and  a  surface  area  of  13,600  acres.     In  consideration  of  this  fact 
it  is  deemed  necessary  to  continue  the  investigations  here  during  the 
coming  season.     The  capacity  and  surface  acreage  are  computed  only 
to  latitude  35*^  12'.     We  have  no  topographic  maps  beyond  this  lati- 
tude, but  the  river  here  enters  a  canyon,  and  it  is  not  believed  that 
much  additional  capacity  exists  above  this. 

DIVERSION  AT  BULLS  HEAD. 

Though  no  suitable  place  for  a  high  dam  has  yet  been  found  at 
Bulls  Head  it  is  feasible  to  construct  here  a  diveiling  weir  about  28 
feet  high  above  low  water.  From  this  weir  could  be  carried  a  canal, 
which  would  cover  47,000  acres  of  land  in  Arizona  between  Bulls 
Head  and  Mellon.  It  is  also  possible,  by  diverting  the  river  to  a 
former  course,  to  transfer  to  the  Arizona  side  10,600  acres  which  are 
now  in  California  and  Nevada,  making  a  total  acreage  of  57,600  acres 
gross  under  the  proposed  canal.  Of  this  area  36,000  acres  were  class- 
ified by  surveying  parties  of  the  reclamation  service  as  first  and  second 
class  farming  lands. 

DAM  AT  WILLIAMS. 

The  topographic  maps  show  that  a  75-foot  dam  at  the  Williams  dam 
site  would  create  a  reservoir  with  a  capacity. of  1,300,000  acre-feet 
and  a  surface  acreage  of  50,873  acres.  Such  a  dam  would  not  flood  the 
town  of  Needles,  nor  would  it  compel  the  raising  of  much  of  the  track 
of  the  Santa  Fe  Pacific  Railroad,  but  it  would  probably  necessitate  the 
raising  of  the  Red  Rock  Bridge  at  Mellon  about  10  feet.  This  reser- 
voir would  probably  be  the  largest  of  its  class  in  the  world,  and  would 
serve  a  good  purpose  in  regulating  the  river  and  in  silting  the  bottom 
land  of  the  lower  Mohave  Valley.  This  proposition  should  be  further 
investigated  during  the  coming  season. 

DrVEBSION  AT  HEAD  GATE  ROCK. 

Below  Head  Gate  Rock,  on  the  Arizona  side  of  the  river,  lie  the  low 
lands  of  the  Colorado  River  Indian  Reservation,  comprising  129,000 
IBB  93—04 18 
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acres.  Two  propositions  for  reclaiming  this  land  present  themselvec^ 
A  canal  might  possibly  be  constructed  from  the  Williams  dAni. 
Should  this  prove  too  expensive,  a  diversion  may  be  made  at  HesA 
Gate  Rock.  Previously  such  a  diversion  was  attempted  by  the  Indian 
Bureau,  but  bad  engineering  resulted  in  a  failure.  Such  a  canal  wonKi 
cover  129,000  acres  above  Ehrenberg,  and  probably  about  ltM),«ini 
acres  below.  Topographic  maps  of  the  region  below  Ehrenberg*  have 
not  been  completed  and  we  can  not  compute  accurately  this  lower 
acreage.  Almost  this  entire  area  is  in  Government  possession.  The 
length  of  canal  from  Williams  dam  to  Head  Gate  Rock  would  be  15 
miles.  A  high-line  canal  at  this  point  would  not  reclaim  materially 
more  valuable  land  than  would  be  reclaimed  by  a  low-line  canal. 

DIVERSION  AT  BLYTHE  ESTATE. 

On  the  California  side,  10  or  12  miles  above  Ehrenberg,  Ariz.,  is  a 
possi})le  diversion  point.  A  canal  from  this  point  would  cover  the 
Blythe  estate  (40,000  acres)  and  adjacent  lands,  in  all  aliout  5*5,'.**" 
acres.  It  is  possible  that  this  canal  could  also  be  extended  to  cover 
Milpetas  Valley,  reclaiming  altogether,  as  estimated  by  Mr.  Manin, 
supervisor  of  Yuma  County,  Ariz.,  160,000  acres.  This  project  i> 
worthy  of  prompt  considei*ation,  as  it  is  one  of  the  ver3'  few  larjn* 
ones  now  known  in  California  that  seem  worthy  of  serious  considera- 
tion under  the  reclamation  act. 

PICACHO  DAM  SITE   (OR  GOLDEN   DREAM   DAM   SFTE). 

At  one  time  the  construction  of  a  dam  at  the  Golden  Di-eam  dam 
site,  for  storage  purposes,  was  favorably  considered,  but  the  present 
belief  of  the  engineers  in  charge  is  that  such  a  reservoir  would  injure 
more  good  land  above  the  dam  than  could  be  additionally  reclaimed 
below.  For  the  present,  therefore,  the  site  is  abandoned  pending 
investigations  below. 

YUMA   DAM   SITE. 

At  a  point  22  miles  above  Yuma,  Ariz. ,  the  Colorado  River  pa^es 
through  its  last  rocky  gorge,  the  walls  of  which  are  alx)ut  1,500  feet 
apart.  The  topographic  maps  show  that  the  construction  here  of  a 
diversion  dam  60  feet  in  height  would  enable  the  reclamation  of  155,(HK) 
acres  in  Arizona  and  23,000  acres  in  California  in  the  river  bottom,  with 
a  possibility  of  so  extending  the  California  ctinal  as  to  cover  all  the 
lands  of  the  Salton  Sink,  where  it  is  roughly  estimated  there  are  about 
300,000  acres  of  good  land  not  now  under  ditch.  This  pi-oject  is  the 
only  one  so  far  discovered  in  which  a  high-line  canal  is  considered 
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sidvinable.  Of  the  Arizona  acreage,  (>5,(H10  aeren  are  mesa  lands,  which 
oould  be  devoted  to  citrus  fruits,  the  remaining  JH),0()0  acres  being 
lK>ttom  lands,  suitable  for  general  agricultuml  products. 

The  general  plan  for  the  reclamation  of  lands  adjoining  Colorado 
River,  as  proposed  by  Mr.  A.  P.  Davis,  supervising  engineer  of  the 
reclamation  service,  provides  that  the  project  farthest  down  the  river 
shall  be  first  taken  in  hand,  diversions  to  be  made  and  reservoirs 
formed  as  needed,  the  dams  being  of  such  heights  as  to  pemiit  the  silt- 
ing of  low  bottoms  which  could  afterwards  be  made  agricultural  lands 
by  diverting  water  from  lower  outlets  in  the  dam.  The  building  of 
the  Yuma  dam  would  be  in  harmony  with  such  a  plan,  and  that  project 
would  also  have  independent  intrinsic  merit  of  the  highest  order.  The 
extreme  upper  waters  of  the  reservoir  would  cover  the  low  lands  lying 
>>etween  Picacho  and  Ehrenberg,  but  would  not  ''drown"  any  large 
amount  of  land  at  present  suited  for  agriculture.  The  desirability  of 
extending  the  woi'k  in  the  way  proposed  by  Mr.  Davis,  or  in  some 
similar  way,  would  depend  upon  further  study.  The  building  of  this 
dam  is  dependent  upon  the  finding  of  bed  rock  at  the  dam  site  within 
reasonable  depths. 

This  project  is  conveniently  located  for  transportation  facilities  and 
would  reclaim  lands  that  now  have  a  growing  market  for  their  produce. 
Furthermore,  the  construction  of  the  system  here  proposed  would  aid 
a  most  deserving  number  of  citizens  of  the  United  States,  the  farmers 
below  Yuma,  who  are  now  struggling  with  defective  irrigation  and 
reclamation  systems.  These  men  lately  obtained  the  titles  to  their 
land  by  brave  and  unwearying  effort  in  the  courts  in  conflict  with 
claimants  under  a  Spanish  grant.  They  are  pioneers  in  the  settle- 
ment of  a  great  region,  and  are  undergoing  all  the  deprivations  and 
hardships  which  fall  to  such  a  lot.  They  are  most  worthy  of  aid  at 
the  hand  of  the  Federal  Government. 

CONCLUSION. 

The  merits  of  the  various  propositions  having  been  carefully 
weighed,  with  due  regard  to  a  general  scheme  of  reclamation  along 
the  entire  river,  after  consultation  with  the  consulting  engineers  of 
the  reclamation  service  it  has  been  decided  that  all  possible  effort  be 
made  to  push  the  Yuma  dam  site  project  to  successful  completion. 

SUMMARY. 

The  following  gross  amounts  of  land  would  be  reclaimed  by  the 
various  propositions: 

Acres. 

Diversion  at  Bulls  Head 58,000 

Diversion  at  Parker , 230,000 

Diversion  at  Blythe  estate ,,.,.„,  150, 000 
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Diversion  at  Yuma:  Acros.      Acres. 

In  Arizona 155,  OOO 

In  California 23,000 

In  Saiton  Sink,  approximately 300, 000 

478,  OOri 

Total 916,  OOH 

RECI/AMATION  AND  WATER  STORAGE  TS  KEBRASKA. 

By  O.  V.  P.  Stout. 

AGRICULTURAL  CONDITIONS. 

The  position  of  Nebraska  as  an  irrigation  State  is  unique.  The 
eastern  part  lies  well  within  the  region  where  the  normal  precipita- 
tion, in  amount  and  in  seasonal  distribution,  is  favorable  to  liticral 
yields  of  general  crops.  The  western  part  of  the  State,  on  the  other 
hand,  is  favored  with  sufficient  rainfall  for  successful  agriculture  in 
occasional  years  only,  or  in  short  series  of  A^ears.  The  changt?  from 
the  one  condition  to  the  other,  as  we  pass  over  the  intervening  terri- 
tory, is  gradual.  For  more  than  200  miles  west  of  Missouri  River 
lands  are  cultivated  by  men  who  have  risen  from  poverty  to  affluence 
through  the  practice  of  agriculture  without  irrigation,  and  until  we  go 
still  farther  west  we  find  that  the  burden  rests  too  heavily  upon  irriga- 
tion enterprises  to  justify  their  existence  and  to  rej)ay  the  monej'  which 
has  been  invested  in  them.  Even  in  the  extreme  western  part  of  the 
State,  where  to  attain  even  reasonably  uniform  success  in  raising  crojx* 
the  aid  of  irrigation  must  be  invoked,  the  fii^st  advocates  and  pro- 
moters of  irrigation  met  with  determined  resistance  on  the  part  of 
those  whose  real  or  fancied  interest  lay  in  opposition  to  the  concep- 
tion of  that  country  as  an  arid  or  semiarid  region.  Since  about  1S\K\ 
however,  irrigation  development  has  enlisted  the  eager  attention  and 
active  effort 'of  pmctically  all  persons  whose  homes  or  inyestnient;' 
lay  in  that  locality. 

A  very  large  proportion  of  the  area  of  Nebraska  consists  of  tillable 
land.  The  only  deduction  of  consequence  to  be  made  is  the  sand-bill 
region  of  the  northwest-central  portion  of  the  State.  Thus  it  is  that 
while  it  may  be  possible  to  irrigate  in  Nebi'aska  a  percentage  of  the 
total  area  approaching  that  which  obtains  in  the  States  which  have 
extensive  mountain  areas,  it  is  frequently  made  to  seem  smaller 
through  comparison  with  the  tillable  areas  instead  of  the  total  areas 
of  the  States. 

Practically  nothing  has  yet  been  done  to  conserve  the  surplus  and 
unseasonable  water  supply,  and  much  remains  to  be  done  to  perfect 
methods  of  conveyance,  distribution,  and  use,  to  the  end  that  the 
greatest  possible  area  may  be  served  by  the  available  water. 
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The  period  of  irrigation  development  thus  far  has  been  also  a  period 
of  general  readjustment  in  the  portions  of  the  State  which  are  most 
directly  affected.     The  high  dry  plains,  at  one  time  cultivated,  have 
reverted  to  a  large  extent  to  grazing.     Irrigation  has  been  introduced 
in   the  valleys.     Alfalfa  has  become  a  leading  crop.     The  corn  crop, 
once  preeminent,  has  partly  given  way  to  small  grain.     It  has  been 
demonstrated  that  sugar  beets  make  a  successful  crop  in  many  locali- 
ties.    The  value  and  adaptability  of  kaffir  corn  has  been  discovered. 
Some  of  the  most  experienced  fruit  growers  claim  to  have  demon- 
strated that  certain  localities  in  the  semiarid  country  are  especially 
adapted  to  their  industry.     The  winter  feeding  of  range  stock  has 
become  general,  and  this  and  other  demands  of  the  stockman  furnish 
a  large  market  close  at  hand  for  the  surplus  products  of  the  irrigated 
land. 

The  present  tendencies  are  toward  continued  irrigation  develop- 
ment, in  the  nature  of  better  use  of  the  facilities  which  have  been 
provided  and  the  further  provision  of  facilities  for  the  conservation 
and  use  of  the  water  which  now  runs  to  waste.  More  attention  will 
be  given  to  markets,  with  a  view  to  supplying  their  demands.  The 
prospective  industrial  development  of  Colorado  and  Wyoming  will 
create  new  markets  which  irrigated  Nebraska  will  have  a  share  in 
supplying. 

NORTH  PLATTE  RIVER. 

The  principal  source  of  water  supply  for  irrigation  in  Nebraska  is 
North  Platte  River.  Although  the  greatest  number  of  canals,  the 
largest  canals,  and  the  greatest  irrigated  acreage  in  the  State  are  in 
this  valley,  only  a  relatively  small  portion  of  the  water  which  the 
stream  carries  is  used.  It  is  true  that  the  season  of  low  water,  from 
late  July  into  Septemter,  is  frequently  a  time  of  apprehension  on  the 
part  of  irrigators,  but  the  very  large  excess  of  the  flood  volume,  and 
practically  the  entire  winter  flow  of  several  thousand  cubic  feet  per 
second,  run  to  waste. 

The  drainage  area  contributing  to  the  flow  at  Mitchell,  Nebr.,  about 
15  miles  east  of  the  Wyoming  line,  is  24,400  square  miles,  which 
includes  all  of  the  mountainous  portion  of  the  drainage  area. 

The  United  States  Geological  Survey  has  maintained  gaging  stations 
at  various  jwints  on  the  river  since  1895.  A  study  of  the  resulting 
records  has  been  made  with  a  view  to  determining  the  proportion  of 
the  total  supplj'  which  different  volumes  of  storage  would  make  avail- 
able. In  the  absence  of  definite  figures  on  a  number  of  the  points 
involved,  it  has  been  found  necessary  to  assume  figures  which  seem 
reasonable  and  probable.  It  has  been  found  impracticable  to  obtain 
continuous  winter  records  of  the  flow  of  the  stream  without  resort  to 
unusual  and  unduly  expensive  methods.     Consequently  the  discharges 
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for  the  months  which  were  lacking  in  the  record  were  interpolated. 
The  demand  was  assumed  to  cover  all  use  and  all  losses  from  canals  and 
reservoirs.  Two  sepamte  assumptions  were  made  in  respect  to  this 
demand.  In  the  first,  designated  as  demand  A,  it  was  assumed  that 
November,  December,  January,  February,  and  March  would  each 
require  10  per  cent  of  the  amount  required  for  June;  April  and  Sep- 
tember would  each  require  50  per  cent;  May,  80  per  cent;  July,  100 
percent;  August,  85  per  cent,  and  October,  25  percent.  For  demand 
B,  the  demand  for  the  months  of  the  year  in  succession  were  respec- 
tively 5,  5,  5,  20,  80,  100,  110,  90,  30,  15,  5,  and  5.  Then  calculations 
were  made  as  to  the  amount  of  storage  necessary  to  make  available 
different  percentages  of  the  total  supply,  ranging  from  60  to  100  per 
cent.  It  Avas  assumed  that  stored  water  would  be  drawn  upon  only 
when  the  flow  in  the  stream  was  unequal  to  the  demand.  The  3'ears 
1895  to  1902  were  embraced  in  the  investigation.  The  following  table 
sets  forth  the  supplying  capacity  of  the  river,  as  ascertained  and 
estimated  from  the  records: 

Discharge  of  North  Platte  River  in  thoxAsands  of  acre-feet. 


Year. 


1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 


Jan. 
123 

Feb. 

Mar. 
185 

Apr. 
203 

May 
438 

June 
644 

July 
198 

Aug. 

Sept. 
14 

Oct. 
49 

Nov. 

189 

28 

81 

123 

115 

123 

168 

273 

377 

95 

57 

56 

62 

89 

123 

111 

V2i\ 

121 

859 

827 

125 

65 

29 

30 

128 

123 

111 

123 

97 

274 

418 

100 

16 

7 

15 

62 

185 

167 

:W8 

396 

630 

954 

762 

174 

64 

84 

108 

IM 

173 

215 

322 

640 

581 

127 

30 

17 

23 

SO 

123 

139 

145 

148 

4?2 

447 

145 

25 

19 

24 

29 

92 

111 

139 

95 

267 

292 

80 

13 

.4 

18 

U 

Dw. 


92 

91 

123 

iKt 

92 
98 
6> 


From  Table  I,  page  280,  based  on  the  above  mean  monthly  flow  of 
the  river  near  the  Wyoming-Nebi'aska  State  line,  the  storage  neceasary 
each  month  and  year  to  utilize  60  per  cent  of  the  total  supply  on  the 
basis  of  demand  B  may  be  ascertained.  All  the  quantities  except  those 
in  the  first  line,  ''Demand  in  per  cent,"  are  given  in  thousand  acre-feet. 
The  minus  sign  indicates  a  deficiency  of  water  flowing  in  the  river, 
the  flow  is  not  suflicient  to  satisfy  the  demand,  and  hence  storage  is 
necessary.  All  the  other  numbers  signify  an  excess  of  water  after  the 
monthly  demand  is  satisfied. 

These  numbers  are  obtained  as  follows:  The  total  supply  for  the 
eight  years  is  17,437,400  acre-feet.  The  average  annual  supply  is  one- 
eighth  of  this  amount,  which  equals  2,179,676  acre-feet.  Sixty  per 
cent  of  this  equals  1,307,805  acre-feet.  The  demand  for  the  year, 
expressed  in  per  cent,  is  470  per  cent  of  the  June  demand,  as  seen 
from  the  first  line  of  the  table.  The  June  demand  in  acre-feet  is 
1,307,805  -^  4.70  =  278.26  thousand  acre-feet.  The  monthly  demand 
for  each  of  the  other  months  is  given  in  the  second  line  of  this  table 
and  is  found  by  multipl3Mng  the  June  demand  by  the  per  cent  for  that 
mouth.     The  dift'erence  between  the  monthlv  flow  and  the  monthlv 
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demand  is  the  excess  or  deficiency  for  that  month,  according  ay  the 
flow  is  greater  or  less  than  the  demand.  Take  for  example  the  year 
181)6.  There  is  a  deficiency  in  July  of  211.10  thousand  acre-feet  and 
storage  of  this  volume  must  be  provided  for  this  month.  There  is 
also  a  deficiency  in  August  and  September  of  this  year  amounting  to 
193.43  and  27.48  thousand  acre-feet,  respectively.  The  total  deficiencj'' 
for  the  year  is  432.01  thousand  acre-feet,  and  since  the  period  of  defi- 
ciency is  continuous  this  is  the  volume  of  storage  necessary  for  the 
year.  The  excess  between  the  first  of  the  year  and  the  beginning  of 
the  period  of  deficiency  is  437.02  thousand  acre- feet,  and  being  larger 
than  the  deficiency  it  would  not  be  necessary  to  store  any  water  until 
the  first  of  the  year.  In  1902,  however,  it  is  seen  that  the  deficiency 
is  greater  than  the  accumulated  excess  since  the  close  of  the  period  of 
deficiency  in  1901,  and  consequently  storage  equal  in  amount  to  11.33 
thousand  acre-feet  must  be  carried  over  from  June  of  1901. 

Table  II  sets  forth  the  corresi>onding  figures  when  it  is  assumed  that 
the  entire  supply  will  be  utilized  on  the  basis  of  demand  A.  It  is  seen 
that  the  greatest  deficiency  for  any  one  year,  considered  by  itself, 
occurs  in  1902,  and  amounts  to  1,218.81  thousand  acre-feet.  To  find 
the  volume  of  stomge  necessary  in  order  that  there  may  be  a  suflicient 
amount  of  water  at  all  times  to  meet  the  demand,  and  at  the  same  time 
no  water  shall  be  permitted  to  nin  to  waste,  the  monthly  excesses  and 
deficiencies  must  be  combined  by  months  throughout  the  entire  period 
of  eight  years.  This  has  been  done  in  the  third  of  the  following  tablets, 
in  which  each  tabular  quantity  is  the  algebraic  sum  of  all  corresponding 
quantities  in  the  second  table,  together  with  the  addition  throughout 
of  1,000  thousand  acre-feet,  in  order  to  avoid  negative  quantities.  The 
addition  of  this  1,000  thousand  acre-feet  is  equivalent  to  assuming  that 
stoi'ed  water  to  the  extent  of  that  amount  was  available  at  the  beginning 
of  the  period  under  consideration.  It  is  found  that  the  lowest  stage  of 
the  stored  water  occurs  in  October,  1898,  and  the  highest  in  June,  1900. 
The  range  between  these  two  extremes  is  3,104.23—124.08=3,040.15 
thousand  acre-feet,  and  this  is  the  capacity  of  the  reservoir  or  reser- 
voirs which  will  fulfill  the  conditions  which  have  been  imposed,  namely: 
No  waste  and  no  unsatisfied  deficiency. 

From  the  first  of  the  following  tables  it  appears  that  on  the  basis  of 
demand  B,  using  60  per  cent  of  the  total  supply  and  pcniiitting  40  per 
cent  to  be  wasted,  storage  to  the  extent  of  570,350  acre-feet  would  be 
required.  If  reservoir  area  equal  to  one  township  be  assumed,  these 
figures  correspond  to  an  average  depth  of  22  feet.  Similarly,  to 
utilize  the  entire  supply,  avei'aging  2,179,675  acre-feet  yearly,  reser- 
voir capacities  equivalent  to  about  132  feet  in  depth  over  a  township 
would  be  required.  The  capacity  of  such  reservoirs  would  be  suflS- 
cient  to  hold  nearly  50  per  cent  more  than  the  average  discharge  for 
one  year. 


S80 


Pit^T  R^cLAj|A*rio:tr  sbrvioe  conference. 


[no.  9il 


Table  I. — MontJdy  increment  of  excess  or  deficiency j  assuming  ihetUilizalion  of  60  per  ceni 
of  the  entire  mipply  from  1895  to  1902^  on  the  basis  of  deman/l  B, 


Year. 

Januarj'. 

Febniary. 

March. 

April. 

May. 

June. 

July. 

Demand  in  percent « 
Demand,  acrc-fcet. . 

5 
18.91 

5 
13.91 

5 
13.91 

20 
55.65 

80 
222.60 

100 
278.26 

110 

3U6.10 

1895 

1896 

109.09 
109.09 
109.09 
109.09 
171.09 
140.09 
109.09 
78.09 

125.09 

101.09 

97.09 

97.09 

153.09 

159.09 

125.09 

97.09 

171.09 
109.09 
109.09 
109.09 
294.09 
201.09 
131.09 
125.09 

1,249.72 

147.35 

112.  &5 

65.35 

41.35 

340.35 

266.35 

87.35 

39  35 

210. 40 

50.40 

636.40 

51.40, 

407.40 

417.40 

249.40 

44.40 

365.74 
98.74 
548.74 
139.74 
675.74 
302.74 
168.74 
13.74 

-IIS.  10 
—211.10 

1897 

—181.10 

1898 

—206. 10 

1899 

4-445.90 

1900 

—179.10 

1901 

-161.10 

1902 

-236.10 

Total 

934.72 

954. 72 

.  1,099.80 

2,067.20 

2,313.92 

—831.80 

Year. 


Anguxt. 


Demand  lnpcrccnt« 
Demand,  acre-fc<?t . 


Septem- 
ber. 


90 
250.43 


30 
83.48 


1895 -  222.43 

1896 1-  193.43 

1897 1-  ia5.43 

1898 1-  231.43 

1899 !-  76.43 

1900 -  220.43 

1901 -  225.43 

1902 %  -  237.43 

Total -1,595.44 


69. 48 
27.48 
54.48 
76.48 
19.48 
66.48 
64.48 
83.08 


-461.44 


October. 


15 
41.74 


+  7.26 
+20. 26 
-11.74 
-26. 74 
+42.26 
-18.74 
-17.74 
-23.74 


-28.92 


Novem- 
ber. 


5 
13.91 


67.09 
75.09 
114.09 
48.09 
94.09 
16.09 
15.09 
20.09 


449.72 


Decem- 
ber. 


5 
13.91 


78.09 

78.09 

109.09 

170.09 

183.09 

78.09 

78.09 

48.09 


822.72 


Total 

yearly 

excess. 


1,281.20 
7M.20 

1,7K8.91 
765.94 

2,807.10 

1,580.94 
968.94 
465.94 


10,408.20 


Total 
yearly  de- 
ficiency. 


Avail- 
able for 
addi- 
tional 
etora^. 


405.01 
432.01 
432.75 
MS.  76 
95.91 
4M.76 
468.75 
570.35 


i+  876.19 
+  S22.19 
+1,856.19 
+  222. 19 
+2,711.19 
+  1,096.19 
4-  4«>.19 
-     1W.41 


8,438.18    +6,974.9(2 


Table  II. — MoniJdy  increments  of  excess  or  deficiency ^  asstiming  the  utilization  of  the  entire 

supply  from  1895  to  1902^  on  the  basis  of  demand  A. 


Year. 


Demand  In  percent" 
Demand,  acre-feet . . 

1895 

]8«> 

1897 

1898 

1899 

1900 

1901 

1902 

Total 


January 


10 
40. 36 


February. 


10 
40.36 


723.04 


82.  (i3 

98.6-1 

82.63 

74. 61 

82.03 

70.0-1 

82.63 

70.64 

M4.(» 

126.  (M 

113.63 

132.64 

82.68 

98.64 

51.63 

70.  &1 

7-43.12 


March. 


10 
40.36 


April. 


50 
201.82 


144.61 

82.64 

82. 64 

82.64 

267. 61 

174.64 

104.64 

98.64 


1,038.12 


+     1.  IS 
-33.82 

-  80.82 
-104. 82 

191.18 
120.18 

-  58.82 
-106.82 


69.56 


May. 


80 
322.92 


110.  as 

49.92 
536.08 

48.92 
307.08 
317.08 
119.08 

55.92 


+1,264.64 


June. 


100 
408.64 


240.36 

-  26.64 
423.86 

14. :« 
550.36 
177.36 

43.36 

-  111.64 

+  r,310.88 


July. 


100 
408.  f*4 

210.  M 
30N.t4 

2T8,t;i 

30a.t;4 
S4^.  di^ 
276.  fVI 
-  25r(.64 
323.61 

1,612.12 


Year. 


Demand  inpercentfl 
Demand,  aorc-fect. 

1895 

1896 

1897 

1898 

1899 

1900 

1901 

1902 

Total 


AugriLst. 


85 
343. 10 


815. 10 
286. 10 
278. 10 
827.10 
169. 10 
313. 10 
818. 10 
330.10 


-2,336.80 


Septem- 
Dcr. 


60 
201.82 


187.82 
145.82 
172.82 
194.82 
137.82 
184.82 
182.82 
201.42 


-1,408.16 


October. 


25 
100.91 


Novem- 
lx?r. 


10 
40.86 


51.91 
38.91 
70.91 
85.91 
16.91 
77.91 
76. 91 
82.91 


-502.28 


40.64 
48.64 
87.64 
21.64 
67.64 
10.86 
11.86 
6.86 


+238. 12 


Decem- 
l)cr. 


10 
40.86 


51.64 
51.64 
82.64 
148.64 
156.64 
51.64 
51.64 
21.64 

+6ir.l2 


Total 
yearly 
excess. 


769.81 

340. 19 

1,365.63 

415.55 

2,163.17 

1,087.17 

529.99 

242.55 


6,914.06 


Aval  la- 
Total    ,  hie  ioT 
yearly  do-'    addi- 
flciency.  [    tional 
storairt'. 


765,47 
889.85 
881.29 

1,066.21 
823.83 
802.83 
906.65 

1,218.81 


6,913.94 


a  All  other  flmircH  are  in  thousand  acre-feet. 
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Table  III. — Amount  of  water  in  reservoirs  at  end  of  eaeh  month,  nssiiming  that  1^000 
acre-feet  are  stored  at  tlie  heginning  of  the  perimi  eonsidered  (Demand  Ay  entire  supply 
utilized). 


Year. 


1895 

1H»» 

1897 

1S98 

1«99 

1900 

1901 

1902 

Year. 

1896 

1896 

1897 

1898 

1899 

1900 

1901 

1902 ;.... 


January. 

February. 

March. 

April. 

May. 

1,437.17 

1,082.63 

1.181.27 

1,325.91 

1,327.09 

1,08<J,97 

1.161.61 

1,211.26 

1,210.43 

1.160.51 

.'V37.31 

607.  to 

690.59 

609.77 

1,115.85 

1,021.65 

1,092.29 

1,174.93 

1,070.11 

1,021.19 

433.99 

rWiO.  63 

828.27 

1,022.45 

1,329.5:^ 

2,212.3:? 

2,371.97 

2,M9.61 

2,669.79 

2,1186.87 

2.  IS-S.  67 

2,  fm.  31 

2,6;}8,9r) 

2,580.13 

2,7-29.21 

2,028.01 

2.09.S.65 

2,197.29 

2,090.17 

2,034.55 

June. 


1,077.53 
1,133.87 
1,569.21 
1,085.56 
1,879.89 
3, 164. 28 
2,772.57 
1,922.91 


July. 

August. 

September. 

October. 

November. 

1,166.89 

1,151.79 

963.97 

912.06 

962.70 

825.  'Hi 

6:i9. 13 

398,31 

3M.40 

4ffii.(M 

1,290.57 

1,012.47 

839. 65 

768. 74 

866.38 

731.91 

404. 81 

209.99 

121.08 

145.72 

2, 228. 25 

2,a59.15 

1,921.:« 

1,904.42 

1,972. 0(5 

2,  H.S7. 59 

2,574.49 

2,389.67 

2,311.76 

2,301.40 

2,.')13.93 

2,195.83 

2.013.01 

l,93t>.10 

1,921.74 

1,599.27 

1,269.17 

1,067.75 

98^1.84 

978.48 

December. 


1.004.34 

4M.68 

939.02 

289.36 

2, 128. 70 

2,353.04 

1,976.88 

1,000.12 


Estimates  and  computations,  of  which  the  forej^oing  are  examples, 
have  resulted  in  the  fi|^ures  set  forth  in  the  following  table: 

Esiimated  neeesmry  borage  of  ttxiters  of  North  PlatXe  River  entering  Nebraska. 

[Unit  of  volume  of  Rtoiagc  is  1,000  acre-feet.] 


Percentage  of  supply  utilized. 


60. 
70. 
80. 
90. 
96. 
100 


Demand  A. 


518.00 
817.00 
1,100.00 
1,615.00 
2, :««.  69 
3,040.16 


Demand  B. 


570.86 
8S5.00 
1,152.40 
1,6()2.34 
2,416.00 
3, 1*26. 60 


According  to  the  l)est  estimates  now  obtainable  relating  to  the  duty 
of  water  in  Ne])raska,  the  total  flow  of  the  river,  if  made  available, 
would  suffice  for  the  complete  irrigation  of  1,000,000  acres.  The  Stjite 
engineer  of  Nebraska  reports  that  5^0,000  acres  are  now  under  ditch 
in  the  Platte  and  North  Platte  valleys.  It  is  known,  however,  that  not 
nearly  all  of  this  is  irrigated. 

No  reservoir  sites  of  significant  magnitude,  presenting  favorable 
conditions  for  construction,  and  situated  tx>  serve  for  the  storage  of  the 
watera  of  the  North  Platte  River,  have  as  yet  l>een  discovered  in 
Nebraska.  Examination  of  the  topographical  maps  published  by  the 
United  States  Geological  Survey  indicates  that  sites  suitabl}'  situated 
and  in  other  respects  fairly  favorable  to  the  service  of  Nebraska  land, 
Tns,y  be  found  in  Wyoming.  A  reconnaissance  by  the  State  engineer 
of  Nebraska  has  verified  these  indications  to  a  considerable  extent. 
The  work  necessary  to  take  advantage  of  these  sites  would  be  of  great 
magnitude  and  would  cost  a  vast  sum  of  money.     Since  the  largest 
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reservoir  sites  lie  at  considerable  heights  above  the  river  the  large 
feeder  canals  would  have  great  length.  It  has  been  suggested  that  the 
complete  utilization  of  North  Platte  waters  can  be  most  successfully 
accomplished  by  diverting  the  entire  flow  at  all  times  into  a  canal  which 
will  lie  at  a  greater  elevation  than  the  reservoir  sites  which  may  be 
determined  upon  as  available,  and  will  serve  as  a  feeder  to  all  of 
the  reservoirs.  As  a  part  of  this  scheme  it  is  contemplated  that  all 
present  or  future  canals  shall  derive  their  supply  from  this  main  canal 
or  from  the  reservoirs  which  are  fed  by  it.  A  necessary  and  econom- 
ical modification  of  the  scheme  is  to  the  effect  that  a  portion,  at  least, 
of  the  waters  of  maximum  floods  should  be  diverted  from  the  river 
into  the  minor  canals,  as  it  would  be  extravagant  to  construct  the  main 
canal  of  size  to  carry  the  entire  volume  of  these  maximum  floods.  A 
canal  constructed  of  such  size  would  be  utilized  to  its  full  capacity  only 
in  the  most  exceptional  years.  It  is  doubtful  if  it  would  be  wise  to 
approach  this  size  of  main  canal  so  nearly  that  the  excess  of  maximum 
floods  would  all  be  taken  from  the  river  by  the  minor  canals.  In  other 
words,  until  water  has  a  value  for  irrigation  considerably  in  excess  of 
what  may  be  expected  in  this  generation  in  the  North  Platte  Valley  it 
will  not  be  advisable  to  undertake  to  make  available  the  entire  discharge 
of  the  stream  and  to  prevent  all  of  the  waste  which  ensues  from  the 
passage  of  the  water  down  the  river. 

The  considerable  reservoir  sites  in  Wyoming  in  which  water  may 
be  stored  for  Nebraska  lands  lie  on  the  north  side  of  the  river,  so  far 
as  they  have  come  to  the  attention  of  the  writer.  When  we  come  to 
consider  the  high  lands — that  is,  the  lands  higher  than  first  and  second 
bottom — it  is  found  that  a  vastly  larger  acreage  is  susceptible  of  irri- 
gation on  the  south  side  of  the  river  than  on  the  north.  The  advan- 
tages and  disadvantages  of  each  site  as  they  shall  be  brought  to  light 
by  suiTeys  and  other  investigations  should  be  carefully  considered,  in 
order  to  decide  on  which  side  of  the  river  the  large  development  shall 
be  undertaken  or  whether  the  large  potential  supply  of  water  shall  be 
divided  between  the  two  sides. 

OTHER  RIVERS. 

On  the  upper  part  of  Republican  River,  and  on  its  tributary,  French- 
man River,  agriculture  without  irrigation  is  an  occupation  yielding 
uncertain  results.  At  the  same  time  agriculture  with  irrigation  meets 
with  satisfactory  returns.  Hence  the  irrigation  ditches  which  have 
been  constructed  are  used  regularly  to  the  extent  of  the  supply  of 
water  available  from  the  streams,  and  l)etter  and  better  results  are 
obtained  by  the  irrigators  from  year  to  year.  The  problem  of  storing 
and  utilizing  the  supply,  which  under  present  conditions  is  not  avail- 
able, is  now  an  important  one  in  the  minds  of  the  users  of  water,  and 
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it  is  safe  to  assume  that  some  attention  will  be  given  to  it  by  the  engi- 
neers of  the  reclamation  service  in  the  near  future.  The  conditions 
are  such  that  little  can  be  done  toward  the  solution  of  the  problem 
until  it  has  been  taken  up  on  the  ground  in  detail.  Since  no  part  of 
the  drainage  area  is  mountainous,  the  floods  are  due  entirely  to  rain- 
fall, which  is  mainly  of  iri*egular  occurrence  in  point  of  time  and  of 
uncertain  magnitude. 

The  unseasonable  discharge  which  at  present  runs  to  waste  would 
be  the  principal  and  most  definite  item  to  be  considered.  It  may  be 
estimated  roughly  that  if  this  could  be  conserved  the  irrigating 
capacity  of  the  streams  would  be  doubled.  This  would  be  possible 
only  in  case  sites  suitable  for  the  storage  of  75,000  to  100,000  acre-feet 
can  be  found.  No  surveys  or  examinations  other  than  the  most  casual 
have  been  made  -to  determine  if  such  sites  can  be  located. 

Reckoned  on  the  l)asis  of  total  discharge,  Loup  River  is  second  to  the 
North  Platte.  The  seasonal  distribution  of  its  discharge  is,  however, 
markedly  different.  The  discharge  arises  mainly  from  the  precipitation 
in  the  sand-hill  region,  which  is  of  such  a  character  that  even  the 
heaviest  rains  sink  at  once  and  almost  entirely  into  the  soil  and  the 
water  reaches  the  streams  in  the  form  of  springs,  resulting  in  a  flow 
which  is  subject  to  only  relatively  small  variations.  The  total  dis- 
charge of  the  Loup  at  the  gaging  station  a  few  miles  above  its  mouth, 
during  the  irrigation  season  of  the  year,  is  about  three-fourths  that  of 
the  North  Platte  for  the  same  period.  Even  in  the  case  of  a  discharge 
presenting  such  a  marked  degree  of  unifonnity  it  can  not  of  course  be 
assumed  that  the  demand  and  the  supply  will  be  exactly  conformable  to 
each  other.  If,  therefore,  irrigation  from  the  stream  is  ever  developed 
to  such  a  point  that  the  supply  is  at  times  unequal  to  the  demand  upon 
it,  the  question  of  stomge  will  have  to  be  considered.  There  is  a  pros- 
pect that  practical ly  the  entire  flow  of  the  river  will  be  used  at  an 
early  date  for  the  development  of  power  at  some  point  in  its  lower 
course  or  after  the  water  has  entered  the  bed  of  Platte  River.  If 
projects  now  in  contemplation  are  carried  to  completion  and  their 
rights  to  the  use  of  the  water  are  perfected,  no  storage  except  that  of 
the  surplus  waters  of  occiisional  floods  can  be  ac<;omplished  without 
considering  these  rights.  This  would  complicate  the  problem  of  the 
storage  of  the  winter  flow.  It  is  not  known  that  any  consideration 
has  been  given  to  the  problem  of  extensive  water  conservation  on  this 
stream.  The  character  of  the  stream  in  respect  to  the  extent  and 
uniformity  of  discharge  and  the  relatively  small  amount  of  irrigation 
development  which  has  taken  place  on  the  stream  and  its  tributaries 
have  combined  to  make  the  storage  of  its  waters  seem  less  important 
than  that  of  the  waters  of  some  of  the  other  streams.  It  may  be 
expected  that  when  an  investigation  along  this  line  is  taken  up  on 
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Loup  River  there  will  be  some  difficulty  in  finding  reservoir  sitess  of 
sufficient  capacity,  properly  situated,  and  attended  by  suitable  geo- 
logical conditions. 

It  is  not  believed  that  Niobi'ara  River  will  come  early  into  promi- 
nence as  an  irrigation  stream.  Its  coui-se  through  the  semiarid  reg-ion 
lies  for  the  most  part  in  the  sand  hills,  a  region  which  presents  verv 
limited  prospects  for  general  agriculture.  Moreover,  the  stream  inins 
at  a  great  depth  (more  than  100  feet  in  man}'-  places)  below  the  land 
which  it  might  be  desirable  to  water,  so  that  long  lines  of  diversion 
canals  would  be  necessary  to  lead  the  water  to  the  land.  As  those 
canals  would  have  to  be  constructed  for  the  most  part  in  soil  of 
decidedl}'  unfavorable  character,  so  far  as  the  capacity  to  hold  water 
is  concerned,  it  is  probable  that  their  efficiency'  would  be  small  and 
that  great  losses  and  waste  would  ensue.  Aside  from  a  considerable 
number  of  minor  irrigation  entei'prises  on  the  upper  portion  of  the 
river,  it  has  been  considered  mainl^^  as  a  source  of  supply  of  water 
for  the  production  of  power.  At  least  two  large  projects  have  been 
receiving  the  attention  of  promoters  for  a  number  of  years,  and  it 
seems  that  the  natuml  advantages  in  respect  to  topography  and  water 
supply  are  such  that,  as  soon  as  assurance  can  be  given  that  there  will 
be  a  demand  for  the  power  which  may  be  genemted,  the  plants  will 
be  installed. 

The  natural  advantages  in  respect  to  water  supply  are  the  consider- 
able amount  of  the  discharge  and  the  almost  unequaled  degree  of 
uniformity  which  attaches  to  it.  The  lowest  measured  or  estimated 
discharge  of  the  stream  is  about  600  cubic  feet  per  second.  The 
highest  is  about  1,500  cubic  feet  per  second.  The  ratio  of  maximum 
to  minimum  o])served  discharge  is  therefore  only  two  and  one-half. 
This  exceedingly  low  I'atio  is  a  guaranty  of  its  reliability  as  a  sourt*e 
of  supply  for  water  power,  and  so  far  as  its  utilization  for  that 
purpose  is  concerned,  there  is  no  occasion  to  take  up  the  discussion  of 
the  artificial  regulation  of  the  flow  by  stoi^age  or  otherwise. 

In  addition  to  the  principal  streams  which  have  been  discussed  there 
are  a  number  of  minor  streams  which  are  rendering  good  service 
in  irrigation,  or  have  the  capacity  to  render  such  service.  Some  of 
these,  also,  it  ma\'  be  well  to  investigjite  at  some  time,  with  a  view  to 
determining  the  extent  to  which  their  usefulness  can  be  increased  by 
storage  and  other  methods  of  conservation. 

PORTL.AND-CKMENT  MANUFACTURE,  o 

By  Edwin  C.  Eckel. 

The  important  building  material  known  as  Portland  cement  was 
first  manufactured  in  England  in  1824.  Its  name  is  not,  as  is  com- 
monly supposed,  due  to  the  fact  that  it  is  manufactured  at  Portland 

(iReviseil  from  a  HvrieH  of  artU'U's  publishcKl  in  Municipal  Engineering  during  1902. 
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in  England,  Portland  in  Maine,  or  Portland  in  Oregon,  for  it  is  not 
and  never  has  been  made  at  these  points.  The  name  ^'Portland"  was 
applied  to  this  cement  because,  after  setting,  it  resembles  somewhat  a 
^ray  limestone  extensively  quarried  at  Portland,  England.  The  origi- 
nal patents  on  Portland  cement  expired  long  ago,  and  it  may  now  Yxi 
manufactured  at  any  point  where  suitable  raw  materials  are  obtainable. 
As  defined  by  good  authorities,  Portland  cement  is  an  artificial 
product,  obtained  by  burning  to  semifusion  an  intimate  mixture  of 
finely  pulverized  materials,  this  mixture  containing  lime,  silica,  and 
alumina  in  certain  fixed  and  definite  proportions,  after  which  burning 
the  resulting  '^clinker"  is  crushed  very  finely.  Four  points  ma}'' 
therefore  be  regarded  as  of  cardinal  importance  in  the  manufacture  of 
Portland  cement.     These  are: 

1.  The  cement  mixture  must  be  of  the  proper  chemical  and  physical 
composition. 

2.  The  materials  of  which  it  is  composed  must  be  finely  ground  and 
intimately  mixed  before  burning. 

3.  The  burning  must  be  conducted  at  the  proper  tempei*ature. 

4.  After  burning,  the  resulting  clinker  must  be  finely  ground. 
These  points  will  be  taken  up  in  order. 

RAW  MATERIALS. 

For  the  present  purposes  it  is  sufliciently  accurate  to  say  that  a  Port- 
land-cement mixture  ready  for  burning  contains  approximately  75  per 
cent  lime  carbonate  and  20 per  cent  clayey  material,  i.  e.,  silica,  alumina, 
and  iron^  The  essential  elements — lime,  silica,  alumina,  and  iron — 
entering  into  this  mixture  are  very  common  and  widely  distributed  in 
nature,  and  it  is  obvious  that  such  a  mixture  could  be  made  by  com- 
bining in  an  almost  infinite  number  of  ways  many  different  raw  mate- 
rials. The  necessity  for  producing  the  mixture  as  cheaply  as  possible, 
however,  rules  out  a  number  of  raw  materials  which  would  be  avail- 
able so  far  as  their  composition  only  is  concerned.  In  the  following 
pages  the  combinations  of  raw  materials  now  actually  used  in  the 
United  States  in  the  manufacture  of  Portland  cement  are  grouped 
under  six  heads.  .  Each  of  these  six  different  combinations  of  raw 
materials  will  be  treated  separately,  brief  descriptions  of  their  chemi- 
cal composition,  economic  advantages,  and  geographic  distribution 
being  given. 

Argillaceous  limestone  and  pure  limestone. — An  argillaceous  lime- 
stone containing  approximately  75  per  cent  lime  carbonate  and  20  per 
cent  of  clayey  materials  would,  of  course,  be  the  ideal  Portland-cement 
material,  as  it  would  require  no  addition  of  other  material  in  order  to 
give,  on  burning,  a  good  Portland  cement.  Certain  deposits  of  argil- 
laceous limestone  occurring  in  the  United  States  approach  this  ideal 
composition  very  closely.     The  most  important  of  these  deposits  at 
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present  is  that  which  is  so  extensively  utilized  for  Portland  cement  in 
New  Jersey  and  Pennsylvania.  As  this  district  still  produces  about 
two-thirds  of  all  the  Portland  cement  made  in  the  United  States,  ii> 
raw  material  will  be  described  in  detail. 

The  cement  rock  of  the  Lehigh,  Nazareth,  and  Easton  districts  is  a 
highly  argillaceous  limestone  of  Trenton  (Lower  Silurian)  age.  The 
rock  is  a  very  dark  gray  in  color,  with  usually  a  slaty  fracture.  In 
composition  it  varies  from  60  per  cent  lime  carbonate  with  4^^  per  I'ent 
silica  and  alumina,  up  to  80  per  cent  lime  carbonate  with  20  per  cent 
silica  and  alumina.  Its  magnesia  content  is  always  high,  as  Portland- 
cement  materials  go,  varying  from  3  to  6  per  cent. 

Underlying  these  cement  beds  are  beds  of  purer  limestone,  lunging 
from  85  to  96  per  cent  lime  carbonate.  The  usual  practice  in  Penn- 
sylvania and  New  Jersey  plants  is,  therefore,  to  mix  a  relatively  ^mall 
amount  of  this  purer  limestone  with  the  argillaceous  ^'cement  rock,"^ 
and  thus  obtain  a  cement  mixture  of  proper  composition. 

The  technologic  and  economic  advantages  of  using  this  combination 
of  materials  are  well  marked.  Both  the  materials,  particularly  the 
"cement  rock,"  are  quarried  easily  and  cheaply.  As  quarried  they 
carry  little  water,  so  that  the  expense  of  drying  them  is  slight.  The 
fact  that  four-fifths  or  more  of  the  mixture  is  made  up  of  a  natural 
cement  rock  permits  coarser  grinding  of  the  mixture  than  is  common 
in  plants  using  marl  or  limestone  and  clay,  and  it  seems  probable  that 
this  fact  also  decreases  the  amount  of  fuel  necessary  to  clinker  the 
mixture. 

Such  mixtures  of  argillai*eous  limestone  and  pure  limestone  possess, 
therefore,  important  advantages  over  mixtures  of  limestone  with  clay 
or  marl  with  clay,  but  are,  on  the  other  hand,  more  expensive  than  the 
combination  discussed  under  "Chalky  limestone  and  clay." 

The  analyses  in  the  table  below  are  fairly  representative  of  the  mate- 
rials used  in  the  Lehigh  and  adjoining  districts,  the  first  four  being 
of  "cement  rock,"  the  last  two  of  pure  limestone. 

Cement  rock  and  lunestone. 


Silica 

Alumina 

Iron  oxide 

Lime  cartx>nate 

Magnesium  carbonate 


} 


10.02 

6.26 

78.65 
4.71 


Cement  rock. 


9.52 

4.72 

80.71 
4.92 


14.52 

6.52 

73.62 
4.69 


16.10 

2.20 

76.23 
3.54 


Limestone. 


3.02 

L90 

92.05 
3.04 


1.98 

.70 

>V19 
2.03 


3farl  and  clay. — In  the  northern  and  central  Western  States  large 
deposits  of  calcareous  marls  occur,  usually  filling  old  lake  basins  and 
being  due  to  the  precipitation  of  lime  carbonate  from  solution  by  the 
action  of  vegetable  and  animal  life.  These  marls  have  formed  the 
basis   for  a   large   Portland-cement   industry   and  are   now   worked 
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extensively  for  this  purpose,  principally  in  Michigan,  northern  Indi- 
ana and  Ohio,  and  central  New  York. 

As  shown  by  the  analyses  below,  marls  are  usually  very  pure  lime, 
carbonates.  They  therefore  require  the  addition  of  considerable  clay 
to  bring  them  up  to  the  proper  composition  for  a  Portland-cement 
mixture. 

The  marls  are  readily  excavated,  but  necessarily  carry  a  large  per- 
centage of  water.  The  mixture,  on  this  account,  is  commonly  made  in 
the  wet  way,  resulting  in  a  very  large  consumption  of  fuel  in  the 
kilns.  Analyses  of  typical  marls  and  clays  are  given  in  the  following 
table. 

Marl  and  cltty. 


snicA 

Alumina 

Iron  oxide 

I^ime  carbonate 

MagneBium  earbonntc 


Marl. 


0.25 
.10 

»1.39 

.38 


3.0 


93.0 
1.5 


1.60 

1.55 

88.9 
.9-1 


Clay. 


40.48 

20.95 

25.80 
.99 


52.0 

17.0 

6.0 

20.0 


63.75 

16.40 

6.35 

4.0 

2.1 


Cfwlky  li/inestmie  and  clay, — In  certain  Southern  and  Western  States 
a  chalky  limestone  is  used  in  combination  with  clay.  These  chalky 
materials  are  geologically  nearly  all  of  Cretaceous  age.  The  principal 
deposits  available  for  use  in  Portland-cement  manufacture  occur  in 
three  distinct  and  widely  separated  are^s,  occupying,  respectively,  (a) 
parts  of  Texas  and  Arkansjis,  {h)  parts  of  Alabama  and  Mississippi, 
and  (e)  isolated  areas  in  North  and  South  Dakota,  Nebraska,  and  Colo- 
rado, 

In  composition  these  chalks,  or  "rotten  limestones,"  vary  from  a 
rather  pure  calcium  carbonate,  low  in  both  magnesia  and  clayey  mate- 
rials, to-an  impure  clayey  limestone  requiring  little  additional  clay  to 
make  it  fit  for  use  in  Portland-cement  manufacture.  Analyses,  quoted 
from  various  authors,  of  a  number  of  these  chalky  limestones  are  given 
in  the  table  below  and  will  serve  to  show  their  i-ange  of  composition. 


Silica 

Alumina 

Iron  oxide 

Lime  carbonate 

Magnesium  carbonate. 


Chalky  limestone*. 


Demopolis, 
Ala. 

12.13 
4.17 
3.28 

76.07 
.92 

San  Anto- 
nio, Tex. 

Dallas, 
Tex. 

White 
Cliffs,  Ark. 

Yankton, 
S.  Dak. 

6.77 

[           2. 14 

90.15 
.58 

23.56 
1.50 

70.21 

.58 

7.97 

1.09 

88.64 
.73 

8.20 

7.07 

83.59 
n.  d. 

Milton, 
N.  Dak. 


9.15 
4.80 
2.30 
63.75 
1.25 


Materials  of  this  type  are,  in  general,  excavated  and  pulverized 
more  cheaply  and  more  easily  than  hard  limestones.  They  also  have 
an  important  advantage  over  the  marls  of  the  Northern  and  Central 
States  in  that  they  carry  practically  no  water. 
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Portland-cement  plants  are  now  operatini^  on  materials  of  tins  t\pe 
in  the  States  of  Alabama,  Texas,  Arkansas,  South  Dakota,  and  Nortli 
Dakota,  and  it  seems  probable  that  these  easily  handled  materials  will 
soon  prove  to  be  the  basis  of  an  important  industr3^ 

Pure  {hard)  limestone  and  clay  or  shale. — Hard  limestones  are  used, 
with  clays  or  shales,  in  the  manufacture  of  Portland  cement.  ThL> 
combination  of  materials  was  first  employed  in  New  York  State,  but 
many  plants  now  utilize  it.  The  expense  of  excavating  hard  limestone 
is  of  coui-se  usually  greater  than  that  of  dredging  marl,  but  this  dis- 
advantage is  counterbalanced  by  the  fact  that  the  limestone,  as  quar- 
ried, is  usually  dry,  while  marl  may  carry  over  40  per  cent  of  water. 
Analyses  of  typical  materials 'of  this  group  are  given  in  the  table 
below,  the  first  four  being  of  limestone,  the  others  of  clays  or  shales. 

Limestone^  clay  or  shale. 


Limetitones. 


Silica 1.72 

Alumina 1. 63 

I  ron j      6. 59 

Lime  carbonate 90. 58 

Magnesium  corbonate ' 


0.8fi 

.G3 

1.03 

97.06 


0.56 
1.23 

.29 
97. 23 

.75 


} 


0.40 
.44 

97.99 

.42 


Clay  or  shale. 


63.56 

27.32 

3.60 
2.60 


55.80 

30.20 

2.M 


5G.30 
29.86 


23.Jfi 

4.  XI 


CaiLstic  soda  vxiste  and  clay, — Precipitated  lime  carbonate,  occurring 
as  a  by-product  from  alkali  manufacture,  has  received  considerable 
attention  as  a  Portland-cement  material.  In  combination  with  clav  it 
is  used  at  several  plants  in  England  and  the  United  States. 

Slag  and  limestone, — Blast-furnace  slags  running  high  in  lime  are 
valuable  as  one  of  the  constituents  of  a  Portland-cement  mixture. 
The  slag  is  a  by-product  and  as  such  can  be  furnished  cheaply  to  the 
cement  plants.  Usually  the  slag  is  granulated  as  it  flows  from  the 
furnaces  and  mixed  with  a  pure  limestone.  The  mixture  is  then 
ground  finely  and  burned  in  rotary  kilns. 

The  slag  can  be  furnished  cheaply,  but  during  granulation,  which  is 
eflfected  by  causing  the  molten  slag  to  fall  into  troughs  or  tanks  con- 
taining cold  water,  it  takes  up  20  to  40  per  cent  of  water  and  this  must 
be  almost  entirel}"^  driven  ofl*  before  grinding  can  be  attempted.  To 
partly  counterbalance  this  disadvautiige,  the  lime  in  the  slag  is  present 
as  oxide,  not  as  carbonate,  so  that  there  will  be  a  slight  saving  in  the 
fuel  required  in  the  kilns. 

■ 

EXCAVATION  Ot*  THE  RA\V  MATERIALS. 

The  natural  raw  materials  used  at  present  are  obtained  by  one  of 
three  methods — (a)  quarrying,  (J)  mining,  and  (c)  dredging.  The 
choice  between  these  different  methods  of  excavation  will  dei^end 
partly  on  the  physical  character  of  the  material  to  be  excavated  and 
partly  on  topographic  and  geologic  conditions. 
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Quarrying, — The  term  "quarrying"  is  here  used  to  cover  all  meth- 
ods of  obtaining  dry  material  from  open  cuts  or  pits,  whether  the 
material  excavated  be  a  limeHtone,  shale,  or  clay.  Quarrying  is  the 
most  natural  and  common  method  of  obtaining  cement  materials.  If 
marl  (which  is  usually  worked  by  dredging)  be  excluded  from  consid- 
eration, it  is  probably  within  bounds  to  say  that  95  per  cent  of  the 
materials  used  in  American  Poitland-cement  manufacture  are  obtained 
from  open  cuts  or  pits. 

In  the  majority  of  quarries  the  material  is  blasted  out  and  loaded  by 
hand  onto  cars  and  carts.  In  a  few  limestone  quarries  this  method  is 
improved  by  using  a  steam  shovel  to  do  the  loading.  Steam  shovels 
are  more  frequently  employed  for  this  purpose  in  shale  quarries.  In 
certain  clay  and  shale  pits,  where  the  materials  are  of  such  character 
as  to  permit  it,  the  steam  shovel  does  all  the  work,  both  excavating  and 
loading  the  materials,  drilling  and  blasting  being  unnecessary. 

The  rock  is  usually  shipped  to  the  mill  as  quarried,  without  any 
treatment  except  sledging  it  to  convenient  size  for  loading.  At  a  few 
quarries,  however,  a  crushing  plant  is  installed  at  the  quarry,  the  rock 
being  shipped  to  the  mill  as  crushed  stone. 

Mining. — The  term  "mining"  is  used  in  distinction  from  "quarry- 
ing" to  cover  methods  of  obtaining  materials  by  underground  work 
through  shafts  or  tunnels.  Mining  is  rarely  emploj'ed  in  dealing  with 
materials  of  so  little  unit  value  as  are  employed  in  Portland-cement 
manufacture.  Occasionally,  however,  when  a  thin  bed  of  limestone 
or  shale  is  being  worked,  its  dip  will  carry  it  under  such  a  thickness 
of  other  rock  as  to  make  mining  cheaper  than  quarrying  for  that  par- 
ticular case.  There  are  a  few  advantages  in  mining  cement  materials 
that  serve  to  partly  counterbalance  the  greater  cost  per  ton  as  compared 
with  quarrying.  A  mine  can  be  worked  economically  in  all  kinds  of 
weather,  while  a  quarry  is  commonly  in  a  more  or  less  crippled  con- 
dition for  about  three  months  of  the  year.  Material  mined  is,  more- 
over, always  dry  and  clean. 

Di^edging. — ^The  term  "  dredging"  is  here  used  to  cover  all  methods 
of  excavating  soft  and  wet  mw  materials.  Material  of  such  a  char- 
acter as  to  be  excavated  by  dredging  will  necessarily  occur  in  depres- 
sions, and  the  deposit,  in  addition  to  containing  much  water  diffused 
throughout  its  mass,  may  be  covered  by  a  more  or  less  considerable 
depth  of  water.  This  ma}'  involve  draining  the  deposit  before  dredg- 
ing can  be  commenced. 

The  only  cement  material  extensively  worked  by  dredging  in  the 
United  States  is  marl.  Occasionally  clay  is  obtained  from  deposits 
covered  by  more  or  less  water,  but  this  is  rarely  practiced  unless  marl 
occurs  associated  with  the  clay.  In  dredging  marl  the  excavator  is 
usually  mounted  on  a  barge,  which  floats  in  a  channel  resulting  from 
IRR  93—04 19 
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previous  excavation.     Occasionally  the  shovel  is  mounted  on  a  car 
running  on  tracks  laid  along  the  edge  of  the  marl  deposit. 

The  material  brought  up  by  the  bucket  may  be  sent  to  the  mill  in 
two  different  ways.  At  plants  using  dome  or  chamber  kilns^  or  at 
other  plants  where  the  cement  mixture  is  not  made  very  wet,  the  exca- 
vated marl  is  usually  deposited  in  cars,  hauled  to  the  mill  by  horse  or 
steam  power.  At  plants  using  a  really  wet  process,  however,  it  is 
probable  that  the  second  method  is  more  economical.  This  consists  in 
dumping  the  marl  into  tanks  on  the  bank,  adding  sufficient  water  to 
make  it  flow  readily,  and  pumping  the  fluid  to  the  mill. 

Transjxji'tation  to  inill. — The  method  of  transporting  the  raw  mate- 
rials to  the  mill  is  almost  entirely  a  question  of  distance  and  grade. 
Most  cement  mills  are  located  close  to  at  least  one  of  their  raw  mate- 
rials, and  the  commonest  method  of  handling  and  transporting  is 
probably  to  load  the  material  on  cars  by  hand  at  the  quarry  face,  and 
run  the  cars  by  horse  power  to  a  point  where  they  are  fastened  to  a 
cjible,  which  hauls  them  up  to  the  mill.  Where  a  hill  or  ravine  inter- 
venes between  quarry  and  mill,  or  where  there  is  a  great  difference  in 
elevation  between  the  two  points,  it  is  probable  that  an  aerial  cable- 
way  will  prove  to  be  the  most  satisfactory  method  of  transportation. 

Cost  of  raw  mater iaU  at  iriiU, — The  most  natural  way,  perhaps,  to 
express  the  cost  of  the  raw  materials  delivered  at  the  mill  would  be  to 
state  it  as  being  so  many  cents  per  ton  or  cubic  yard  of  raw  materiaK 
and  this  is  the  method  followed  by  quarrymen  or  miners  in  genei-al. 
To  the  cement  manufacturer,  however,  such  an  estimate  is  not  so  suit- 
able as  one  based  on  the  cost  of  raw  materials  per  ton  or  barrel  of 
finished  cement. 

In  the  case  of  hard  and  comparatively  dry  limestones  or  shales  it 
may  be  considered  that  the  raw  material  loses  33i  per  cent  in  weight 
on  burning.  Converting  this  relation  into  pounds  of  raw  material 
and  of  clinker  we  find  that  600  pounds  of  dry  raw  material  will  make 
about  400  pounds  of  clinker.  Allowing  something  for  other  losses  in 
the  process  of  manufacture,  it  is  convenient  and  sufficiently  accurate 
to  estimate  that  600  pounds  of  dry  raw  material  will  give  one  barrel 
of  finished  cement.  These  estimates  must  be  increased  if  the  raw  ma- 
terials carry  funy  appreciable  amount  of  water.  Claj^s  will  frequently 
contain  15  per  cent  or  more  of  water,  while  soft  chalky  limestones,  if 
quarried  during  wet  weather,  may  carry  as  high  as  20  per  cent.  A 
Portland-cement  mixture  composed  of  a  pure  chalky  limestone  and  a 
clay  might,  therefore,  average  10  to  20  per  cent  of  water,  and  conse- 
quently about  700  pounds  of  such  a  mixture  would  be  required  to 
make  one  barrel  of  finished  cement. 

With  marls  the  loss  on  drying  and  burning  is  much  greater.  Rus- 
sell states"  that  accoixiing  to  determinations  made  by  E.  D.  Campbell 

a  Twenty-second  Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  3, 1901,  p.  667. 
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1  cubic  foot  of  marl  as  it  usually  occurs  in  the  natural  deposits  con- 
tains about  47i  pounds  of  lime  carbonate  and  48  pounds  of  water.  In 
making  cement  from  a  mixture  of  marl  and  clay,  therefore,  it  would 
be  necessary  to  figure  on  excavating  and  transporting  over  1,000 
pounds  of  raw  material  for  every  barrel  of  finished  cement. 

From  the  preceding  notes  it  will  be  understood  that  the  cost  of  raw 
materials  at  the  mill  per  barrel  of  cement  will  vary  not  only  with  the 
cast  of  excavation,  but  with  the  kind  of  materials  in  use. 

In  dealing  with  hard,  dry  materials  extracted  from  open  quarries 
near  the  mills  the  cost  of  raw  materials  may  vary  between  8  cents  and 
15  cents  per  barrel  of  cement.  The  lower  figure  named  is  probably 
about  the  lowest  attainable  with  good  management  and  under  favor- 
able natural  conditions.  The  higher  figure  is  probably  a  maximum 
for  fairly  careful  management  of  a  difficult  quarry  under  eastern  labor 
conditions.  When  it  is  necessary  to  mine  the  materials  the  cost  will 
be  somewhat  increased.  Cement  rock  has  been  mined  at  a  cost  equiv- 
alent to  10  cents  per  baiTcl  of  cement,  but  this  figure  is  attained  under 
particularly  favorable  conditions.  The  cost  of  mining  and  transpor- 
tation may  reach  from  this  figure  up  to  20  cents  per  barrel. 

With  regard  to  wet  marls  and  clays  it  is  difficult  to  give  even  an 
approximate  estimate.  It  seems  probable,  however,  when  the  dead 
weight  handled  is  allowed  for,  that  these  soft  materials  will  cost  almost 
as  much,  delivered  at  the  mill,  per  barrel  of  finished  cement,  as  the 
hard,  dry  limestones  and  shales. 

PREPARATION  OF. DRY  MATERIALS  FOR  THE  KILN. 

Whatever  the  raw  materials  employed,  the  object  of  all  the  opera- 
tions that  may  be  carried  on  prior  to  burning  is  simply  to  secure  an 
intimate  mixture  of  these  materials  and  to  insure  that  this  mixture  is 
finely  gi'ound  and  of  proper  chemical  composition. 

The  character  of  the  materials  employed,  however,  has  determined 
two  general  methods  of  preparing  the  mixture  for  the  kiln,  the  dif- 
ferences between  these  methods  being  due  almost  entirely  to  the  phy- 
sical characteristics  of  the  raw  materials  used.  For  this  reason  a 
general  subject  of  preparing  the  materials  for  the  kiln  will  be  discussed 
under  three  heads: 

(a)  Mixing  and  grinding  dry  materials. 

(b)  Mixing  and  grinding  wet  materials. 

(c)  Mixing  and  grinding  slag  Portlands. 

Drying. — Raw  materials  as  they  come  from  the  mine  or  quarry  will 
almost  invariably  carry  appreciable,  though  often  very  small,  percent- 
ages of  water .  In  the  case  of  hard  limestones  the  water  will  usually 
i-ange  from  one-half  per  cent  to  3  per  cent,  rarely  reaching  or  exceed- 
ing the  higher  figure.  With  the  chalky  limestones,  which  absorb 
water  rapidly,  the  percentage  can  be  kept  down  to  6  per  cent  or  less, 
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reservoir  sites  lie  at  considerable  heights  alx>7e  the  river  the  large 
feeder  canals  would  have  great  length.  It  has  been  suggested  that  the 
complete  utilization  of  North  Platte  waters  can  be  most  successfully 
accomplished  by  diverting  the  entire  flow  at  all  times  into  a  canal  which 
will  lie  at  a  greater  elevation  than  the  reservoir  sites  which  may  be 
determined  upon  as  available,  and  will  serve  as  a  feeder  to  all  of 
the  reservoirH.  As  a  part  of  this  scheme  it  is  contemplated  that  all 
present  or  future  canals  shall  derive  their  supply  from  this  main  canal 
or  from  the  reservoirs  which  arc  fed  by  it.  A  necessary  and  econom- 
ical modification  of  the  scheme  is  to  the  effect  that  a  portion,  at  least, 
of  the  waters  of  maximum  floods  should  be  diverted  from  the  river 
into  the  minor  canals,  as  it  would  be  extravagant  to  construct  the  main 
canal  of  size  to  carry  the  entire  volume  of  these  maximum  floods.  A 
canal  constructed  of  such  size  would  be  utilized  to  its  full  capacity  only 
in  the  most  exceptional  years.  It  is  doubtful  if  it  would  be  wise  to 
approach  this  size  of  main  canal  so  nearly  that  the  excess  of  maximum 
floods  would  all  be  taken  from  the  river  by  the  minor  canals.  In  other 
words,  until  water  has  a  value  for  irrigation  considerably  in  excess  of 
what  may  be  expected  in  this  generation  in  the  North  Platte  Valley  it 
will  not  be  advisable  to  undertake  to  make  available  the  entire  dischai'ge 
of  the  stream  and  to  prevent  all  of  the  waste  which  ensues  from  the 
passage  of  the  water  down  the  river. 

The  considerable  reservoir  sites  in  Wyoming  in  which  water  may 
be  stored  for  Nebi*aska  lands  lie  on  the  north  side  of  the  river,  so  far 
as  they  have  come  to  the  attention  of  the  writer.  When  we  come  to 
consider  the  high  lands — that  is,  the  lands  higher  than  first  and  second 
bottom — it  is  found  that  a  vastly  larger  acreage  is  susceptible  of  irri- 
gation on  the  south  side  of  the  river  than  on  the  north.  The  advan- 
tages and  disadvantages  of  each  site  as  they  shall  be  brought  to  light 
by  surveys  and  other  investigations  should  be  carefully  considered,  in 
order  to  decide  on  whic^h  side  of  the  river  the  large  development  shall 
be  undertaken  or  whether  the  large  potential  supply  of  water  shall  be  j 
divided  between  the  two  sides.  i 

OTHER  RIVERS.  | 

I 

On  the  upper  part  of  Republican  River,  and  on  its  tributary,  French-  | 
man  River,  agriculture  without  irrigation  is  an  occupation  yielding  i 
uncertain  results.  At  the  same  time  agriculture  with  irrigation  meets 
with  satisfactory  returns.  Hence  the  irrigation  ditches  which  have  ' 
been  constructed  are  used  regularly  to  the  extent  of  the  supply  of  i 
water  available  from  the  streams,  and  better  and  better  results  are  i 
obtained  by  the  irrigators  from  year  to  year.  The  problem  of  storing 
and  utilizing  the  supply,  which  under  present  conditions  is  not  avail- 
able, is  now  an  important  one  in  the  minds  of  the  users  of  water,  and 
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it  18  safe  to  assume  that  some  attention  will  be  given  to  it  by  the  engi- 
neers of  the  reclamation  service  in  the  near  future.  The  conditions 
are  such  that  little  can  be  done  toward  the  solution  of  the  problem 
until  it  has  been  taken  up  on  the  ground  in  detail.  Since  no  part  of 
the  drainage  area  is  mountainous,  the  floods  are  due  entirely  to  rain- 
fall, which  is  mainl}'^  of  irregular  occurrence  in  point  of  time  and  of 
uncertain  magnitude. 

The  unseasonable  discharge  which  at  present  runs  to  waste  would 
be  the  principal  and  most  definite  item  to  be  considered.  It  may  be 
estimated  roughly  that  if  this  could  be  conserved  the  irrigating 
capacity  of  the  streams  would  be  doubled.  This  would  be  possible 
only  in  case  sites  suitable  for  the  storage  of  75,000  to  100,000  acre-feet 
can  be  found.  No  surveys  or  examinations  other  than  the  most  casual 
have  been  made^  determine  if  such  sites  can  be  located. 

Reckoned  on  the  basis  of  total  discharge,  Loup  Kiver  is  second  to  the 
North  Platte.     The  seasonal  distribution  of  its  discharge  is,  however, 
markedly  diflferent.    The  discharge  arises  mainly  from  the  precipitation 
in  the  sand-hill  region,  which  is  of  such  a  chai*acter  that  even  the 
heaviest  rains  sink  at  once  and  almost  entirely  into  the  soil  and  the 
water  reaches  the  streams  in  the  form  of  springs,  resulting  in  a  flow 
which  is  subject  to  only  relatively  small  variations.     The  total  dis- 
charge of  the  Loup  at  the  gaging  station  a  few  miles  above  its  mouth, 
during  the  irrigation  season  of  the  year,  is  about  three-fourths  that  of 
the  North  Platte  for  the  same  period.     Even  in  the  case  of  a  discharge 
presenting  such  a  marked  degree  of  uniformity  it  can  not  of  course  be 
assumed  that  the  demand  and  the  supply  will  be  exactly  conformable  to 
each  other.     If,  therefore,  irrigation  from  the  stream  is  ever  developed 
to  such  a  point  that  the  supply  is  at  times  unequal  to  the  demand  upon 
it,  the  question  of  storage  will  have  to  be  considered.     There  is  a  pros- 
pect that  pmctically  the  entire  flow  of  the  river  will  be  used  at  an 
early  date  for  the  development  of  jx)wer  at  some  point  in  its  lower 
course  or  after  the  water  has  entered  the  bed  of  Platte  River.     If 
projects  now  in  contemplation  are  carried  to  completion  and  their 
rights  to  the  use  of  the  water  are  perfected,  no  storage  except  that  of 
the  sui*plus  waters  of  occasional  floods  can  be  accomplished  without 
considering  these  rights.     This  would  complicate  the  problem  of  the 
storage  of  the  winter  flow.     It  is  not  known  that  any  consideration 
has  been  given  t^>  the  problem  of  extensive  water  conservation  on  this 
stream.     The  character  of  the  stream  in  respect  to  the  extent  and 
uniformity  of  discharge  and  the  relatively  small  amount  of  irrigation 
development  which  has  taken  place  on  the  stream  and  its  tributaries 
have  combined  to  make  the  storage  of  its  waters  seem  less  important 
than  that  of  the  waters  of  some  of  the  other  streams.     It  may  be 
expected  that  when  an  investigation  along  this  line  is  taken  up  on 
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Coviposition  of  mixture. — The  cement  mixture  ready  for  burning 
will  commonly  contain  from  74  to  77^  per  cent  of  lime  carbonate  or 
an  eqaivalent  proportion  of  lime  oxide.  Several  analyses  of  actual 
cement  mixtures  are  given  in  the  table  below.  Analysis  No.  1,  with  its 
relatively  high  percentage  of  magnesia,  is  fairly  typical  of  Lehigh  Val- 
ley practice.  Analyses  Nos.  2  and  3  show  mixtures  low  in  lime,  while 
analysis  No.  4  is  probably  the  best  proportioned  of  the  four,  especially 
in  regard  to  the  ratio  between  silica  and  alumina  plus  iron.  This  ratio 
for  ordinary  purposes  should  be  about  2^  to  1,  as  the  cement  becomes 
quicker  setting  and  lower,  in  ultimate  strength  as  the  percenta^  of 
alumina  increases.  If  the  alumina  percentage  be  carried  too  high, 
moreover,  the  mixture  will  give  a  fusible,  sticky  clinker  when  burned^ 
causing  trouble  in  the  kilns. 

Analyses  of  cement  mixtures. 


1. 

•> 

1.1.85 

7.  ail 

7:193 

(?) 

4. 

silica 

12.62 
6.00 

76.  •16 
2.65 

13. -16 

(?) 
73.66 

(?) 

14.77 

AlnvnipA  and  Iron  nTidm , 

4.3^ 

Carbonate  of  lime 

76.  M 

MaAmeflf  a  oxidf? 

1-T4 

•  Burning  the  cem£nt  mixture. — After  the  cement  mixture  has  been 
carefully  prepared,  as  described  on  preceding  pages,  it  must  be  burned 
with  equal  care.  For  a  time  various  types  of  kiln  were  in  use,  but 
now  practice  in  burning  at  the  different  cement  plants  is  rapidly 
appi*oaching  uniformity. 

The  kiln  in  which  the  material  is  burned  is  now  invariably  of  the 
rotary  type,  the  rotary  process,  which  is  essentially  American  in  its 
inception  and  development,  l)eing  based  on  the  substitution  of  machine 
for  hand  labor  wherever  possible. 

As  at  present  used,  the  rotary  kiln  is  a  steel  cylinder,  conimonl3'  6(» 
feet  in  length  and  6  feet  in  diameter.  This  is  set  in  a  slightly  inclined 
position,  the  inclination  averaging  about  one-half  inch  to  the  foot. 
The  kiln  is  lined,  except  near  its  upper  end,  with  very  resistant  fire 
brick  to  withstand  the  high  temperature  to  which  its  inner  surface  is 
subjected. 

Fuel,  either  powdered  coal,  oil,  or  gas,  is  injected  at  the  lower  end 
of  the  kiln,  while  the  cement  mixture  is  fed  in  at  the  upper  end.  The 
kiln  is  slowl}'^  revolved  about  its  axis,  and  this  revolution,  in  connec- 
tion with  the  inclination  at  which  the  kiln  is  set,  gradually  carries  the 
cement  mixture  to  the  lower  end  of  the  kiln.  In  the  course  of  this 
journey  the  intense  heat  from  the  fuel  first  di'ives  off  the  water  and 
carbon  dioxide  from  the  mixture  and  then  causes  the  lime,  silica, 
alumina,  and  iron  to  combine  chemically  to  form  the  partially  fused 
mass  known  as  "cement  clinker."  This  clinker  drops  out  of  the  lower 
end  of  the  kiln,  is  cooled  so  as  to  prevent  injury  to  the  grinding 
machinery,  and  is  then  sent  to  the  grinding  mills. 
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In  dealing  with  a  dry  mixture  one  rotary  kiln  will  produce  150  to 
200  barrels  of  cement  per  day  of  twenty-four  hours,  with  a  fuel  expend- 
iture of  105  to  140  pounds  of  powdered  coal  per  barrel.  If  the  cement 
mixture  carries  much  water,  as  is  usually  the  case  where  marl  is  used 
as  one  ingredient,  the  output  of  the  kiln  is  greatly  reduced  and  its  fuel 
consumption  very  largely  increased. 

Grrinding  tite  clhiker. — After  cooling  the  clinker,  which  is  usually 
effected  by  exposing  it  to  the  action  of  cool-air  currents,  it  is  sent  to 
the  grinding  mills.  In  order  to  retard  the  setting  time  of  the  cement 
sufficiently  to  give  good  results  in  use,  about  2^  per  cent  of  gypsum 
is  commonly  added  before  the  grinding  of  the  clinker  is  commenced. 
Clinker  grinding  is  commonly  carried  on  in  two  stages,  the  first  reduc- 
tion taking  place  in  Griffin  mills,  ball  mills,  or  konmiinuters.  These 
reduce  the  clinker  to  a  size  to  pass  a  screen  with  20  or  30  meshes  to 
the  linear  inch.  The  material  passing  these  screens  is  then  finely  pul- 
verized in  tube  mills,  which  reduce  it  fine  enough  for  about  95  per 
cent  to  pass  through  a  screen  with  100  meshes  to  the  linear  inch. 

The  ground  cement  is  sent  to  storage  bins,  from  which  it  is  drawn 
out  as  needed  and  packed  in  sacks,  bags,  or  barrels. 

Present  sources  of  ceinent  supply. — At  present  the  following  cement 
plants  are  in  operation  in  the  West: 

(1)  Standard  Portland  Cement  Company  plant  is  located  at  Napa 
Junction,  Cal.  Ten  rotary  kilns  are  in  operation,  giving  a  nominal 
capacity  of  2,000  barrels  per  day.  The  materials  used  are  an  argilla- 
ceous limestone  and  a  pure  limestone.  Brand,  "Standard."  J.  F. 
Bachmann,  manager;  L.  T.  Bachmann,  chemist. 

(2)  Pacific  Portland  Cement  Company  plant  is  located  at  Cement,  a 
few  miles  east  of  Suisun,  Cal.  Eight  rotary  kilns  are  in  operation, 
giving  a  nominal  capacity  of  1,600  barrels  per  day.  The  materials 
used  are  a  pure  limestone  and  clay.  Brand,  "  Golden  Gate."  Morris 
Kind,  manager;  C.  J.  Wheeler,  chemist. 

(3)  California  Portland  Cement  Company  plant  is  located  at  Colton, 
Cal.  Three  rotary  kilns  are  in  operation,  giving  a  nominal  capacity  of 
600  barrels  per  day.  Materials  used  are  pure  limestone  and  clay. 
Brand,  "Colton."     A.  Neu,  chemist. 

(4)  Portland  Cement  Company  of  Utah  plant  is  located  at  Salt  Lake 
City,  Utah.  Four  rotary  kilns  are  in  operation,  giving  a  nominal 
capacity  of  800  barrels  per  day.  The  materials  used  are  an  argilla- 
ceous limestone  and  a  pure  limestone.  Brand, ' '  Red  Diamond. "  L.  M. 
Barley,  manager;  C.  S.  Batchelder,  chemist. 

(5)  Portland  Cement  Company  of  Colorado  plant  is  located  at  Port- 
land, a  few  miles  east  of  Florence,  Colo.  Six  rotary  kilns  are  in  use, 
giving  a  nominal  capacity  of  1,200  barrels  per  day.  The  materials 
used  are  an  iirgiilaceous  limestone  and  a  pure  limestone.  Bmnd, 
*' Ideal."    A.  Moore,  manager;  F.  W.  Brown,  chemist. 

(6)  lola  Portland  Cement  Company,  plant  is  located  at  lola,  Kans. 
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Twenty-one  rotary  kilns  are  in  use,  giving  a  nominal  capacity  of 
4,200  barrels  per  day.  Materials  used  are  limestone  and  shale. 
Brand  "lola."    O.  Gerlach,  chemist. 

(7)  Kansas  Portland  Cement  Company,  plant  is  located  near  lola, 
Kans.  Eight  rotarj'  kilns  are  in  use,  giving  a  nominal  capacity  of 
1,600  barrels  per  day.  Materials  used  are  limestone  and  shale.  E.  C. 
Champion,  superintendent  and  chemist. 

THE  liEGAIi  STATUS  OF  IRRIGATION. 

By  H.  L.  HoLGATE. 

IRRIGATION  AND  LITIGATION. 

in  1899,  according  to  the  reports  of  the  Twelfth  Census,  there  were 
in  the  States  and  Territories  usually  reckoned  arid  102,819  irrigated 
farms.  This  means  that,  at  a  low  estimate,  over  half  a  million  people 
in  those  States  and  Territories  were  then  directly  interested  in  irriga- 
tion. There  were  more  than  7,000,000  acres  irrigated,  and  the  value 
of  the  crops  produced  thereon  exceeded  $84,000,000.  The  irrigation 
systems  in  operation  represented  a  construction  cost  of  more  than 
$64,000,000. 

'  These  are  large  figures,  and  they  do  not  include  the  statistics  for  the 
semiarid  and  humid  regions,  the  increase  since  1899,  or  the  number  of 
people  and  amount  of  investments  indirectly  dependent  upon  irriga- 
tion. They  make  a  creditable  showing  for  the  courage  and  enterprise 
of  the  western  farmer,  but  when  we  learn  upon  what  a  frail  and 
uncertain  legal  foundation  the  great  and  immensely  important  structure 
of  irrigation  stands,  we  are  unable  to  pay  a  like  tribute  to  the  states- 
manship of  the  western  lawmaker.  Happily  there  is  at  present  a 
tendency  to  correct  the  statutes,  and  within  recent  years  a  number  of 
Stat.os  have  made  fairly  successful  attempts  to  perfect  laws  governing 
public  waters. 

The  history  of  water  diversion  in  the  West  is  so  replete  with  appeals 
to  the  courts  that  one  unconsciously  associates  irrigation  with  litiga- 
tion. The  money  spent  in  litigation  has  been  enormous.  In  taking  the 
Twelfth  Census  an  attempt  was  made  toasceitain  the  cost  of  litigation 
over  water  rights  in  1899.  The  work  was  not  completed,  as  it  was 
found  impossible,  in  a  great  many  cases  that  were  continued  through 
a  number  of  years,  to  segregate  the  expenses  of  1899.  In  California 
the  owners  of  73  irrigation  ditches  reported  an  expense  during  that 
year  of  $125,000  for  court  and  lawyer  fees  incurred  in  defending  water 
rightij.  Presumably  the  defendants  spent  as  much  more.  Here  we 
have,  without  taking  into  account  the  cases  unreported,  over  a  quarter 
of  a  million  dollars  spent  in  one  State  in  a  single  j'ear  in  litigation  on 
this  subject,  and  few  of  the  decisions,  when  made,  were  conclusive  or 
gave  the  victors  a  sense  of  security. 
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There  is  a  woeful  lack  of  uniformity  in  the  legislation  had  in  the  sev- 
eral States  and  Territories,  and  there  are  imperfect  laws  in  individual 
States.  The  need  for  reformation  is  imperative,  the  more  so  since  the 
National  Government  has  undet*taken  the  heavy  responsibility  of  con- 
structing and  operating  reclamation  works. 

ACQUISITION  OF  WATER  RIGHTS. 

The  necessities  of  the  West  have  given  rise  to  a  new  legal  doctrine 
relative  to  water  diversion.  The  requirements,  originally  of  mining 
and  later  of  agriculture,  could  not  be  satisfied  by  the  operation  of  the 
common-law  doctrine  of  riparian  rights  which  exist  simply  by  virtue 
of  ownership  of  lands  adjacent  to  a  stream. 

The  new  doctrine  of  appropriation,  under  which  water  rights  are 
acquired  by  actual  diversion  for  beneficial  use,  independent  of  riparian 
ownership,  is  now  recognized  where  irrigation  is  generally  practiced. 
In  Arizona,  Coloi^ado,  Idaho,  New  Mexico,  Nevada,  Wyoming,  and 
Utah  the  law  of  riparian  rights  has  been  repudiated,  and  in  Nebi*aska 
it  is  limited  to  the  humid  portion  of  the  State.  In  California,  Kansas, 
Montana,  the  Dakotas,  Oregon,  and  Washington  both  bases  of  water 
rights  are  recognized  either  by  statutes  or  court  decisions,  and  there 
is  a  resultant  legal  confusion  that  a  ma^^s  of  judicial  decisions  has  not 
untangled.  It  is  impossible  to  define  the  relationship  between  the 
operations  of  the  two  doctrines  in  these  States.  In  Washington, 
which  has  a  somewhat  comprehensive  statute  relating  to  the  appro- 
priation of  water  rights,  it  has  been  held  that  long  and  unprotested 
usage  by  an  appropriator  is  no  bar  to  ouster  by  a  nparian  owner, 
while  in  Oregon,  a  neighboring  State,  where  the  written  law  recogniz- 
ing the  doctrine  is  brief  and  limits  the  right  of  appropriation  to 
corporations,  the  courts  have  recently  declared  that  riparian  owners 
can  not  interfere  with  appropriators  of  water  for  irrigation  who  have 
used  it  without  protest. 

STATE   CONTROIi  OF  WATERS. 

In  Wyoming  and  western  Nebraska,  and,  by  an  act  of  the  last  legis- 
lature, in  Utah,  the  State  is  absolute  administrator  of  streams  and  the 
diversion  of  water  therefrom.  The  appropriator  must,  upon  written 
application,  secure  a  permit  from  the  State  engineer  before  beginning 
construction  of  diversion  works,  and  upon  satisfactory  completion  of 
the  works  he  receives  a  certificate  which  is  a  title  deed  to  his  water 
right. 

In  Colorado  and  in  Nevada,  under  its  very  recent  statute,  the  State 
administration  of  streams  does  not  begin  until  the  appropriation  is 
actually  made,  and  the  irrigation  officials  do  not  then  interfere  with 
the  use  of  water  except  upon  a  written  complaint,  but  the  authorized 
State  officials  are  clothed  with  sufficient  power  to  prevent  wasteful  use 
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and  insure  equitable  distribution  to  appropriators  according*  to  their 
decreed  rights.  The  water  commissioners  of  Washington  have  some- 
what similar  authority. 

ADJUDICATION  OF  PRIORITIES. 

Nebraska,  Nevada,  Utah,  and  Wyoming  have  enacted  laws  govern- 
ing the  adjudication  of  water  rights  based  upon  very  similar  princi- 
ples. Wyoming  initiated  this  system,  and  the  laws  of  Nebraska, 
Nevada,  and  Utah  are  copies  of,  or  are  based  upon,  the  Wj^oming 
statute. 

The  Wyoming  law  provides  for  the  adjudication  of  all  claims  by 
the  board  of  control.  Preliminary  to  the  determining  of  priorities 
upon  a  stream  the  State  engineer  makes  thorough  surveys  and  measure- 
ments, and  prepares  maps  and  tables  showing  the  location  and  size  of 
the  ditches,  the  area  irrigated,  and  the  measured  flow  of  the  streams. 
Claimants  are  notified  to  file  claims  and  proofs,  and  the  board  estab- 
lishes the  priority  and  extent  of  all  the  water  rights  on  the  stream  and  its 
tributaries.  Appeals  from  the  decision  of  the  board  of  control  may 
be  made  to  the  courts,  but  in  Wyoming  and  Nebraska  (where  a  similar 
law  has  been  in  operation  for  a  number  of  years)  very  few  appeals 
have  been  made  to  the  courts. 

Nevada's  new  irrigation  law  is  different  from  that  of  Wyoming  in 
respect  to  the  adjudication  of  water  rights  only  as  to  the  determining 
authority,  which  is  vested  in  Nevada  in  the  State  engineer. 

Under  the  Utah  law  adopted  this  year,  the  district  court  of  each 
county  is  made  the  arbiter  of  the  various  claims  on  streams  located 
wholly  within  the  county,  and  where  the  stream  traverses  two  or  more 
'counties  the  district  court  of  the  county  most  convenient  to  all  the 
appropriators  from  the  stream  adjudicates  priorities.  Other  than  this 
the  method  agrees  practically  with  that  of  Wyoming.  The  tables, 
maps,  and  drawings  of  the  State  engineer  are  to  be  considered  prima 
facie  evidence  of  the  facts. 

The  method  adopted  by  Colorado  in  1879  and  amended  by  subse- 
quent legislation  makes  the  adjudication  the  duty  of  the  several  div^- 
trict  courts,  and  decisions  are  based  upon  the  evidence  offered  b}'^  the 
parties  in  interest. 

WATER  APPURTENANT  TO  LAND. 

Under  the  common-law  doctrine,  water  is  appurtenant  to  the  land. 
The  riparian  owner  can,  it  is  true,  assign  his  right,  but  the  assignment 
is  operative  only  against  himself  and  his  successors  and  gives  the 
assignee  no  rights  as  against  lower  riparian  owners. 

In  the  West  generally  a  water  right  is  regarded  as  a  species  of 
realty  and  can  be  tmnsf erred  by  a  deed.     As  a  rule  a  deed  of  land 
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is  presumed  to  include  the  water  right,  unless  the  latter  is  specifically 
excepted.  The  more  recent  Colorado  decisions  hold  that  the  inclusion 
or  noninclasion  of  water  rights  in  the  conveyance  of  land  where  the 
water  rights  are  not  mentioned  in  the  deed  is  a  matter  of  intent 

In  Wyoming,  water  rights  are  treated  as  part  and  parcel  of  the  land 
and  inseparable  therefrom.  The  board  of  control  refuses  to  recognize 
transfers  of  water  rights  apart  from  the  transfer  of  land.  This  attitude 
has  been  attacked  in  the  courts,  and  the  lower  court  has  held  that  the 
right  to  the  use  of  water  is  a  property  right  and  as  such  is  transferable. 
The  question  was  appealed  to  the  supreme  coui*t,  but  has  not  yet  been 
decided. 

Some  of  the  States,  in  their  laws  providing  for  the  operation  of  the 
Carey  Act,  make  tike  water  appurtenant  to  the  land  nM^imed  under 
that  act. 

In  an  Idaho  court  it  was  held  a  few  months  ago  that  a  user  of  water 
under  a  contract  for  rental  is  not  an  appropriator  under  the  meaning 
of  .the  laws  of  the  State;  that  the  dedication  to  use  applies  to  the  land 
only  upon  which  the  use  is  had,  and  that  the  right  is  not  transferable. 

UNDERGROUND  WATERS. 

In  the  light  of  judicial  decisions  it  can  be  accepted  as  a  rule  of  law 
that  the  waters  from  underground  streams  may  be  appropriated  and 
priorities  in  rights  to  waters  therefrom  established.  The  rule  is  recog- 
nized by  statute  in  Kansas,  and  means  for  protecting  such  water  rights 
are  provided. 

In  trying  cases  involving  rights  to  water  developed  from  under- 
ground sources,  the  courts  have  to  decide  the  difficult  question  of  fact 
whether  the  water  is  from  a  subterranean  stream  having  a  well-defined 
and  ascertainable  channel,  or  from  a  stream  of  unknown  channel,  or  is 
percolating  water.  Quoting  from  a  decision  of  the  supreme  court  of 
Utah,  1900:  ''The  rule  of  law  applying  to  the  appropriation  of  surface 
waters  does  not  apply  to  percolating  waters  which,  being  a  part  of  the 
earth,  have  no  characteristics  of  ownership  distinct  from  the  land  itself." 
The  water  from  a  stream  whose  channel  is  unknown  is  treated,  per- 
force, in  law  as  percolating  water. 

In  practical  contitidiction  to  the  Utah  decision  just  quoted,  is  a  New 
York  decision  made  the  same  year,  which  states  in  effect  that  one  who 
on  his  own  land  pumps  and  disposes  of  water  in  such  quantities  as  to 
materially  lower  the  underground  waters  of  neighboring  lands,  to  the 
injury  of  crops  grown  thereon,  may  be  enjoined  as  for  trespass. 

IRRIGATION  ENGINEERS. 

The  States  having  State  engineers  who  have  administrative  power 
over  streams  are  Colorado,  Nebraska,  Nevada,  Utah,  and  Wy^oming. 
In  Nebraska  the  State  engineer  is  not  so  named,  as  the  number  of  State 
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officers  is  limited  by  the  constitution,  but  there  is  a  board  which  has 
control  of  the  streams  and  of  their  use  in  irrigation,  and  the  secretary 
of  the  board  is  engineer  in  fact. 

In  these  States  the  State  is  divided  into  water  divisions,  and  these 
into  water  districts,  under  the  administration  of  water  commissioners. 
The  State  engineer  has  supervision  over  the  division  superintendents 
and  the  water  conmaissioners,  and  is  the  court  of  appeals  from  their 
administrative  decisions.  Besides  supervising  the  administrative 
dutiei^of  these  irrigation  officers  the  State  engineer  measures  streams, 
collects  irrigation  data,  prepares  maps,  and  makes  necessary  I'eports. 
In  Wyoming,  Nebraska,  and  Utah  he  grants  permits  to  intending 
appropriators,  and  in  Utah  he  issues  the  water-right  certificates  upon 
coRvptotion  and  acceptance  of  the  diversion  works.  In  Wyoming  and 
Nebraska  the  l>oard  of  control  issues  the  certificate. 

Idaho  has  a  State  engineer,  but  he  has  no  administrative  control  of 
the  streams,  and  his  work  is  chiefly  statistical.  In  South  Dakota  the 
office  of  engineer  has  been  superseded  by  that  of  irrigation  instructor, 
whose  duties  are  experimental  and  statistical.  He  must  be  appointed 
by  the  governor  from  the  experimental  station  staff  or  Agricultural 
College  faculty. 

The  new  Nevada  law  introduced  a  novelty  in  State  legislation.  It 
provides  that  the  governor's  appointee  to  the  office  of  State  engineer 
must  be  nominated  by  the  Secretary  of  the  Interior  or  the  Director  of 
the  Geological  Survey,  if  those  officials  choose  to  exercise  the  priv^ilege. 

The  other  irrigation  States  have  no  State  engineers. 

RECIiAMATION  SURVEYS. 

[Report  of  the  committee  on  reconnaissance  and  surveys,  consisting  of  Jeremiah 

Ahern,  Cyrus  C.  Babb,  and  J.  H.  Quinton.] 

The  engineer  detailed  to  examine  an  irrigation  project  is  given  con- 
siderable discretionary  powers  as  to  lines  of  investigation.  However, 
in  order  to  hav^e  methods  of  surveys  in  different  sections  fairl}^  com- 
parable, the  following  instructions  have  been  formulated,  though  they 
will  necessarily  be  modified  occasionally  to  suit  the  varying  conditions 
of  different  projects. 

ENGINEER'S  EXAMINATION. 

m 

The  engineer  should  first  consider  the  amount  and  quality  of  the 
land  and  satisfy  himself  that  there  is  available  sufficient  water  in  addi- 
tion to  that  already  appropriated  to  be  utilized,  either  as  perennial  flow 
or  by  means  of  storage.  The  amount  of  water  available  can  be  deter- 
mined by  a  few  rough  measurements  of  the  main  drainage  channel,  and 
by  a  careful  stud}-  of  the  rainfall  and  run -off  records  and  of  all  maps 
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stewing  the  drainage  areas  tributary  to  the  district  to  be  irrigated. 
In  some  cases  the  same  investigations  should  be  made  in  adjacent  drain- 
age areas  which  might  be  made  to  contribute  jmrt  of  the  water. 

If  the  project  contemplates  storage  the  engineer  should  consult  all 
records  of  rainfall  and  run-off  in  the  drainage  basin.  If  there  are  no 
such  records  he  should  form  some  idea  of  the  quantity  of  water  which 
passes  a  given  point  on  the  main  drainage  lino  by  examining  on  the 
ground  all  high-water  marks  and  getting  from  the  people  who  have 
lived  in  that  neighborhood  all  the  information  possible  as  to  the  dura- 
tion of  floods.  This  will  enable  him  to  decide  whether  it  is  advisable 
to  establish  the  necessary  rain  gages  and  gaging  stations  for  deter- 
mining the  run-off  for  a  few  years. 

The  nature  of  the  di*ainage  area,  whether  forested  or  otherwise, 
should  be  taken  into  account.  In  order  to  ascertain  its  general  physi- 
cal features  an  examination  requiring  several  days'  time  may  be 
necessary.  In  this  way  a  trustworthy  general  idea  of  the  possibilities 
of  the  drainage  area  may  be  formed.  In  the  case  of  a  large  drainage 
basin  where  there  may  be  a  choice  of  reservoir  systems  or  canals  a 
map  compiled  from  railroad  and  public-land  surveys  and  a  barometric 
reconnaissance  may  be  necessary. 

On  this  trip  all  possible  reservoir  sites,  whether  on  the  main  stream 
or  elsewhere,  should  be  examined  in  a  rough  way  by  hand  level  and 
aneroid,  and  the  nature  and  approximate  dimensions  of  dam  and 
reservoir  sites,  as  well  as  quality,  quantity,  and  availability  of  material 
for  construction  of  dam  should  be  noted. 

If  all  these  conditions  are  found  sufficiently  favorable  to  justify 
continuing  the  examination  of  the  project,  the  next  thing  to  be 
determined,  in  a  rough  way,  is  the  probable  cost  of  conveying,  the 
water  to  the  land.  This  can  be  done  only  by  a  careful  reconnaissance 
along  the  approximate  line  of  the  canal.  Experience  on  construction 
in  work  of  this  class  is  of  great  value  in  forming  a  judgment  in  this 
matter. 

These  points  having  been  determined  a  careful  examination  of  the 
land  may  be  made,  and  all  its  advantages  and  disadvantages  noted. 
The  principal  points  to  be  considered  are  the  quantity  of  land  which 
can  be  irrigated,  the  ownership  of  the  land  (whether  largely  private 
or  not),  the  amount  of  water  used  from  the  stream  upon  which  the 
project  must  depend,  the  fertility  of  the  soil,  the  difficulties  of  prepar- 
ing the  land  for  irrigation,  the  crops  most  suitable  for  the  soil  and  the 
climate,  the  number  of  crops  that  can  be  counted  on  annually,  the 
probable  value  of  said  crops,  and  whether  the  cost  per  acre  for  con- 
veying the  water  to  the  land  will  enable  the  farmer  to  keep  himself  and 
family  and  pay  back  the  cost  of  the  works  to  the  Government  in  ten 
years. 
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WITHDRAWAL  OF  LAND. 

If  the  project  be  deemed  worthy  of  further  investigation  retiommen- 
dations  should  be  made  for  the  withdrawal  of  the  land  under  the 
reclamation  law  of  June  17,  1902  (32  Stat.  L.,  p.  388),  as  described  in 
section  49  of  the  survey's  book  of  Instructions,  page  96. 

Special  attention  should  be  paid  to  the  method  of  describings  the 
lands  by  legal  subdivisions,  as  indicated  in  paragraph  3  of  section  49  of 
the  Instructions.  There  is  danger  of  error  in  transcribing  descrip- 
tions if  they  are  written  out  consecutively  in  solid  lines.  The  tabula- 
tion indicated  in  the  Instructions  is  that  used  by  the  General  Land 
Office,  and  has  been  found  the  most  satisfactory  after  many  years  of 
experience. 

In  making  requests  for  withdrawals  it  is  not  necessary  to  omit  tracts 
which  have  been  disposed  of  by  the  Government,  as  the  claims  to  such 
tracts  would  not  be  aflfected  by  a  withdrawal  of  an  entire  section  or  of 
an  entire  township  including  them.  The  withdrawal  is  made  in  such 
fonn  as  to  exclude  any  tract  the  title  to  which  has  passed  from  the 
United  States,  and  also  to  provide  for  the  withdrawal  going  into  effect 
if  any  claim  is  afterwards  canceled  or  abandoned. 

The  circular  issued  July  21, 1903,  contains  instructions  for  retracing 
the  lines  of  the  public-land  surveys.  Attention  was  called  therein  to 
the  importance  of  not  interfering  with  vested  rights  where  the  lands 
have  been  settled  upon.  In  such  cases,  therefore,  where  corners  can 
not  be  found,  there  will  be  no  authority  for  reestablishing  them, 
because  such  action  would,  at  the  same  time,  affect  the  rights  acquired 
by  a  settler  or  patentee  of  other  lands  bounded  by  the  same  line. 
Under  these  circumstances  the  engineer  should  run  out  the  line  as  if 
the  entire  tract  were  public  land,  so  that  his  plane-table  sheet  may 
show  the  location,  but  no  corners  are  to  be  established.  In  case  public 
land  adjoins  lands  which  have  been  granted  to  railroads,  and  w^hich 
have  not  been  disposed  of  to  private  parties,  the  lines  of  the  public 
surveys  may  be  rerun  and  the  corners  reestablished  if  necessar}-.  The 
fact  that  the  adjoining  tract  belongs  to  the  raili'oad  need  not  be 
regarded  as  an  obstacle  in  such  a  case. 

The  plane-table  sheets  should  show  the  public-survey  lines  in  all 
cases  of  surveys  for  irrigation  works  or  irrigable  lands.  The  comers 
should  be  marked  so  as  to  distinguish  those  found  on  the  ground, 
those  not  found,  and  those  ret/Stablished. 

FLYING-LINE*  RECONNAISSANCE. 

If  the  preliminaiy  examination  shows  that  the  water  supply  is  suffi- 
cient and  that  the  relative  positions  of  land  and  water  are  such  that 
the  project  seems  feasible,  the  next  step  is  to  make  a  flying-line  recon- 
naissance.    The  object  of  this  reconnaissance  is  to  determine  whether 


NEWBLL.]  RECLAMATION    SURVEYS.  303 

or  not  a  preliminary  survey  of  thd  project  should  be  made  and  the 
character  and  extent  of  such  a  survey — that  is,  whether  it  should  con- 
sist of  one  or  more  preliminary  transit  lines  through  certain  portions 
of  the  ti*act  or  a  topographic  survey  of  the  entire  area.  In  other 
words,  it  will  be  necessary  to  determine  approximately  the  relative 
elevations  of  the  controlling  points  and  the  area  of  the  land  that  may  be 
reclaimed.  The  reconnaissance  should  start  from  a  controlling  point, 
which  may  be  the  proposed  point  of  diversion,  the  outlet  from  the 
reservoir,  the  highest  point  of  the  irrigable  land,  or  the  lowest  pass  of 
a  ridge  through  which  the  canal  must  go. 

The  instruments  best  adapted  for  this  work  are  a  light  mountain 
transit,  provided  with  a  vertical  arc  and  level  attached  to  its  tele- 
scope, and  a  stadia  rod.  The  survey  consists  simply  of  running 
through  the  area  one  or  more  traverse  lines  so  located  that  they  will 
give  the  necessary  information.  Distances  between  stations  of  these 
lines  should  be  obtained  by  stadia,  directions  by  the  magnetic  needle, 
and  differences  of  elevation  by  vertical  angles.  Summits  of  hills,  lone 
trees,  houses,  or  other  prominent  objects,  whose  position  may  be  of 
value  in  locating  topographic  features,  should  be  "  cut  in  "  and  verti- 
cal angles  to  them  measured.  If  the  area  has  been  covered  by  a  land- 
survey,  connection  with  its  corners  should  be  made  whenever 
practicable. 

In  work  of  this  kind  three  men  are  required,  a  transitman,  a  rod- 
man,  and  a  teamster.  If  the  character  of  the  topography  permits,  the 
transitman  should  travel  between  stations  in  a  light  wagon  or  on  horse- 
back, and  the  rodman  should  be  provided  with  a  saddle  horse.  In  the 
above-described  manner  a  reconnaissance  can  be  made  rapidly  and 
cheaply  which,  if  the  lines  and  points  located  are  well  selected,  will 
furnish  at  a  minimum  expense  sufficient  data  for  the  determination  of 
the  question  in  hand.  By  combining  the  information  thus  obtained 
with  that  of  the  public-land  surveys  a  good  reconnaissance  map  of  the 
area  may  be  made. 

RESERVOIR  AND  DAM  SITE  SURVEYS. 

Surveys  of  reservoir  and  dam  sites  should  preferably  be  made  by 
plane-table  methods,  except  where  the  site  is  densely  wooded,  in  which 
case  transit  and  stadia  methods  should  be  used.  In  cases  of  reservoirs, 
the  standard  scale  generally  to  be  adopted  is  1,000  feet  to  an  inch, 
with  10-foot  contours.  In  the  case  of  dam  sites  the  standard  scale  is 
20  or  50  feet  to  an  inch  with  5-foot  contours,  except  where  the  detail 
of  topography  is  not  great,  when  a  smaller  scale  may  be  used. 

All  reservoir  surveys  should  be  made  'with  sufficient  accuracy  to 
determine  the  approximate  capacity  of  the  reservoir  and  contents  of 
of  the  dam  with  a  possible  error  of  not  to  exceed  10  per  cent. 

One  or  more  permanent  bench  marks  should  be  established  near  the 
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proposed  dam  site;  the  elevation  should  be  determmed  with  rcferem-c 
to  the  river  bed  or  water  level,  and  a  line  of  levels  should  connect  the 
bench  mark  with  the  top  contour  of  the  survey.  Wherever  practicable 
this  bench  mark  should  he  connected  by  a  checked  line  of  levels  with 
a  permanent  bench  mark  of  the  topographic  branch  of  the  survey-,  in 
which  case  all  elevations  will  be  referred  to  mean  sea  level.  A  line 
of  levels  should  also  be  mn  up  the  valley  of  the  reservoir,  stakes  heinji^ 
driven  and  flags  erected  at  every  point  where  a  10-foot  contour  crosses 
the  line.  If  the  reservoir  be  wide  or  timbered,  so  that  the  vertical  angle 
connections  with  these  contour  crossings  can  not  be  made  frequently 
and  convenientl}^  additional  points  near  the  top  contour  should  aL^ 
be  established  with  the  Wye  level. 

A  base  line  of  such  length  and  so  located  that  a  well-conditioned, 
graphic  triangulation  may  be  expanded  from  it  should  be  measured  in 
duplicate  by  a  steel  tape,  and  from  this  base  line  a  careful  plane-table 
triangulation  should  be  executed.  Before  beginning  the  triangulation 
all  stations  should  be  marked  by  artificial  signals.  Where  a  reservoir 
site,  on  the  scale  adopted,  covers  more  than  three  consecutive  plane- 
table  sheets,  all  the  angles  of  a  triangulation  system  should  be  meas- 
ured by  a  transit,  and  the  relative  position  of  the  stations  should  be 
computed  and  plotted  on  the  plane-table  sheets  before  beginning  the 
plane-table  surveys. 

Secondary  points  for  the  control  of  the  sketching  can  be  located  by 
stadia  methods.  Hills,  buildings,  lone  trees,  or  other  reco^izable 
objects  should  be  utilized  as  far  as  available,  and  be  located  by  inter- 
section. Secondary  points  should  be  skillfully  distributed  so  as  to 
establish  controlling  points  in  the  topography,  such  as  change  of  slope, 
important  junction  or  bends  in  drainage  lines,  hills,  passes,  etc.  A 
careful  search  should  be  made  for  corners  of  the  public-land  surveys, 
and  all  found  located  accurately  on  the  plane-table  sheets. 

Where  a  reservoir  site  is  so  densely  wooded  as  to  absolutely  pi-o- 
hibit  any  field  sketching  and  necessitate  the  cutting  of  lines  for  all 
sights  and  the  locating  of  a  very  large  number  of  points  to  establish 
the  contours,  transit  and  stadia  methods  should  be  used.  The  method 
generally  used  is  to  run  a  traverse  line  up  the  valley  of  the  reser- 
voir site,  and  one  along  the  top  contour  of  the  survey;  and  where 
the  site  is  not  too  large  points  on  these  lines  may  be  connected  by 
traverse  lines,  differences  of  elevation  being  obtained  by  the  hand 
level,  and  distances  determined  by  pacing.  Where  the  reservoir  is 
large  it  will  be  necessary  to  run  these  traverse  lines  by  transit  and 
stadia. 

PRELIMINARY  CANAL  SURVEYS. 

Before  beginning  a  preliminary  canal  survey  the  chief  of  party 
should  become  thoroughly  familiar  with  the  country  through  which 


NEWELI.1  PRELIMINARY    CANAL   SURVEYS.  305 

the  canal  must  pass.  Paily  organization  for  a  preliminary  survey 
will  usually  consist  of  one  chief  of  party,  one  transitman  and  level- 
man,  one  plane-table  man^  and  the  necessary  rodmen  and  camp 
assistants. 

The  chief  of  party  will  give  the  general  location  of  the  line.  The 
instrument  man,  whose  party  will  comprise,  in  addition  to  himself, 
one  rodman,  one  stakeman,  and  axmen  if  necessary,  should  place 
stakes  with  a  level  along  the  line  of  the  canal,  estimating  approxi- 
mately the  grade.  These  stakes  should  be  placed  from  200  to  300  feet 
apart  and  be  marked  with  a  consecutive  number  and  elevation.  Dis- 
tances between  the  stakes  should  not  be  measured  in  this  first  step, 
but  should  be  estimated.  This  line  should  not  follow  the  grade  con- 
tour on  the  ground,  but  should  be  located  as  nearly  as  possible  where 
the  final  line  would  cross  ridges  or  ravines.  The  second  day's  work 
of  this  paily  should  consist  in  locating  the  stakes  with  transit  and 
stadia,  running  an  azimuth  line  in  pi'eference  to  deflection  angles. 
The  transit  notes  should  be  platted  in  camp  from  day  to  day  as  the 
work  progresses,  on  a  long  roll  of  detail  drawing  paper,  generally  on 
a  scale  of  400  feet  to  the  inch.  These  platted  points  should  then  be 
transferred  to  plane-table  sheets  by  placing  the  said  sheets  under  the 
drawing  paper  and  pricking  through  with  a  needle  point.  Points  thus 
transferred  should  be  marked  with  the  consecutive  stake  number  and 
the  elevation. 

These  sheets  should  then  be  taken  into  the  field  by  the  plane-table 
man,  whose  party  will  include  one  rodman,  and  one  station  assistant 
to  keep  notes  and  work  up  the  elevations  and  horizontal  distances  from 
the  vertical  angles  and  stadia  distances.  The  topography  in  5-foot 
contours  should  be  mapped  with  alidade  and  stadia  for  a  distance  of 
300  to  500  feet  on  both  sides  of  the  line.  The  sheets  should  over- 
lap an  inch  or  two  at  the  most  convenient  angle,  at  or  near  the  left 
side  of  the  lower  sheet,  so  that  the  line  and  the  topography  may  be 
continuous  when  the  sheets  are  superimposed  in  their  proper  order. 

Wherever  the  line  crosses  a  watercourse,  however  small,  the  plane- 
tiible  man  should  make  notes — preferably  on  the  plane-table  sheets — of 
the  approximate  area  of  the  drainage  basin  above  the  pomt  of  crossing, 
and  estimate  from  the  position  of  drift,  etc.,  the  probable  maximum 
discharge  of  the  stream  at  the  point  of  crossing.  This  information  is 
of  great  value  in  the  office  when  making  designs  for  crossing  water- 
courses. Wagon  roads,  railroads,  and  other  construction  intersecting 
the  line  should  be  noted. 

The  level  work  should  be  of  the  degree  of  accuracy  required  by  the 
regulations  of  the  topogi-aphic  branch;  that  is,  the  limit  of  error  in 
feet  should  not  exceed  0.05\/distance  in  miles.  Permanent  bench- 
mark posts  should  be  established  on  the  line  of  survey  at  intervals 
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not  greater  than  3  or  4  miles  and,  wherever  pi'acticable,  be  connected 
with  the  bench  nmrks  of  the  topographic  branch.  Temporary  bench 
marks  should  be  established  not  more  than  a  mile  apart  in  open  coun- 
tr}'  and  at  every  1,000  feet  in  rough  or  broken  country.  Connections 
should  be  made  as  often  as  possible  with  the  located  corners  of  the 
pu!)lic-land  surveys,  and  with  the  prii^ary  triangulation  of  the  topo- 
graphic branch  where  it  exists.  The  three-point  location  is  generalh' 
the  most  convenient  method  for  making  the  later  connection. 

Another  method  of  survey,  which  may  be  found  advantageous  under 
certain  conditions,  is  described  below: 

The  first  party  should  make  the  location  of  the  canal  line  with  a 
Wye  level,  setting  stakes  from  500  to  1,000  feet,  suitably  marked  with 
the  ground  elevation  and  with  a  flag,  so  that  they  can  be  easily  seen  at 
some  distance.  The  line  should  follow  the  approximate  grade  of  the 
canal  and  not  run  as  a  simple  contour  line. 

The  second  party  should  locate  this  line  with  plane  table,  distances 
being  obtained  by  stadia  and  orientation  or  direction  with  the  magnetic 
needle.  Frequent  connections  should  be  made  with  section  corner<, 
where  the  area  has  been  covered  by  the  public-land  surveys.  The 
scale  of  map  may  be  2,000  feet  to  the  inch.  The  contour  interval 
should  be  10  feet,  from  which  the  slope  of  the  ground  can  be  obtained 
and  estimates  of  quantities  made.  By  this  method  from  4  to  6  miles 
a  day  can  bo  run,  thus  easily  keeping  up  with  the  level  party. 

The  location  of  the  line  will  be  known  from  time  to  time  as  the  work 
progresses,  and  it  will  not  be  necessary  to  af terwaixls  plot  up  the  line, 
as  is  the  case  when  transit  methods  are  adopted.  Connections  with 
the  corners  of  the  public-land  surveys  can  also  be  more  quickly  niade, 
as  the  land  lines  can  be  projected  ahead  of  the  work  after  the  first  one 
or  two  corners  have  been  found. 

Such  a  party  should  consist  of  one  levelman  and  his  rodman,  one 
plane-table  man  with  his  rodman,  one  teamster,  and  one  cook. 

Observations  on  a  circumpolar  star  or  on  the  sun  should  occasionally 
be  taken  as  the  survey  progresses,  in  order  to  check  the  azimuth  of  the 
line.  These  observations,  if  possible,  should  be  made  at  a  station  on 
the  line. 

Where  only  a  hasty  reconnoissance  can  be  made  of  the  canal  line. 
the  topography,  instead  of  being  mapped  with  a  plane  table,  may  be 
sketched  in  a  notebook,  only  one  man  with  hand  level  being  I'equired 
for  that  purpose.     He  will  generally  keep  up  with  the  transit  party. 

Along  canyon  sections  the  scale  of  400  feet  for  the  plane-table  work 
is  hardly  large  enough,  and  if  an  accurate  estimate  is  desired  a  larger 
scale  of  200  or  100  feet  to  the  inch  will  be  necessary.  Experience  lias 
shown  that  through  open  country,  with  the  recommended  scale  of  400 
feet,  the  plane-table  party  can  generally  keep  up  with  the  locating 
party  if  the  levels  are  run  one  day  and  the  same  line  located  with 
transit  the  following  day. 
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TOPOGRAPHIC  SURVEYS. 

Wherever  the  topography  is  such  that  preliminary  canal  lines  can 
not  be  easily  located  by  the  method  given  in  sections  27  and  28  of  the 
Sui-vey's  book  of  Instructions,  as  in  a  very  difficult  rolling  country,  a 
topographic  survey  of  the  entire  area  should  be  made,  and  the  prelimi- 
nary location  of  canal  lines  made  on  the  resulting  topographic  map. 
For  such  a  survey  plane-table  methods  should  always  be  used,  and  the 
general  methods  of  topographic  surveying  given  on  pages  56-81  of 
the  Instructions  should  be  employed  in  so  far  as  they  are  applicable 
to  the  work. 

The  topographic  branch  of  the  Survey  has  extended  primary  trian- 
gulation  and  primary  leveling  over  various  parts  of  the  country, 
liefore  a  topographic  survey  of  a  project  is  begun  information  should 
be  obtained  from  the  Washington  office  as  to  whether  these  primary 
surveys  have  been  extended  over  the  area,  and  if  so,  such  of  their 
data  obtained  as  will  expedite  the  work. 

SURVEYING  IRRIGABLE  LAND. 

The  same  general  methods  prescribed  for  topographic  field  work 
(pp.  56-81  of  Instructions)  should  be  used  in  surveying  irrigable 
land  under  a  proposed  canal  line.  Where  no  primary  triangulation 
exists  it  will  be  necessary  to  measure  a  base  line  and  expand  the 
plane-table  triangulation  from  it  As  in  the  case  of  reservoir  sur- 
veys, where  the  area  covers  more  than  thi^ee  consecutive  plane-table 
sheets,  an  instrumental  triangulation  should  be  made  with  a  transit  or 
theodolite. 

The  scale  of  field  sheets  should  not  be  less  than  one-half  mile  to  an 
inch,  and  the  contour  interval  not  greater  than  10  feet.  As  in  reser- 
voir surveys,  connection  should  be  made  with  all  land-office  corners. 

TRIANGULATION. 

Where  it  is  necessary  to  measure  the  angles  of  a  system  of  triangu- 
lation for  the  control  of  the  topography  of  a  large  area  of  irrigable 
land,  and  where  the  instrument  used  reads  to  20  or  80  seconds,  the 
following  method  is  generally  of  sufficient  accuracy: 

The  signals  are  supposed  be  in  the  order  of  A  B  C — A. 
First  set     .    i  Telescope  direct — read  on  A  B  C — A. 

(  Telescope  reversed — read  on  A — C  B  A. 
c  Shift  the  limb  90^. 
Second  set .  _  J  Telescope  reversed — read  on  A  B  C — A. 

(  Telescope  direct — read  on  A — C  B  A. 
If  more  than  two  sets  are  necessary  the  limb  should  be  shifted,  be- 
tween sets,  180°  divided  by  the  number  of  sets. 
In  all  cases  read  both  verniers. 
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Each  set  is  complete  in  itself. 

Observations  on  a  circumpolar  star  for  azimuth  ahould  be  made  at 
the  beginning  and  end  of  the  triangulation. 

FINAL  LOCATION. 

In  finally  locating  a  waterway  many  things  must  be  oonsidered 
which  are  necessarily  matters  of  judgment  on  the  part  of  the  engineer. 

The  first  and  most  important  is  the  velocity  which  the  water  must 
have  for  a  given  material.  This  involves  changes  of  gradient  and 
changes  of  cross  section  for  different  classes  of  material. 

If  the  velocity  is  too  high  the  material  of  the  bottom  and  sides  v^H 
be  eroded  and  carried  to  places  whence  it  will  have  to  l)e  removed  at 
some  expense  every  year.  If  the  velocity  is  too  low,  there  will  be  an 
unnecessary  outlay  in  first  cost  of  excavation  and  of  maintenance  in 
removing  deposits  of  sediment.  Good  judgment  is  essential  in  this 
matter,  and  it  is  probably  better  to  err  on  the  side  of  safety  by  fixing 
a  low  velocity  instead  of  a  high  one.  This  decision  may  be  modified* 
if  there  is  much  sediment  in  the  water,  as  a  low  velocity  will  allow 
the  sediment  to  accunmlatc  where  it  may  affect  the  capacity  of  the 
canal,  and  entail  an  annual  expense  for  cleaning  which  would  be 
unnecessary  if  the  velocity  were  higher. 

The  following  limiting  values  for  mean  velocity  in  canals  are  given, 
although  they  may  be  changed  if  in  the  judgment  of  the  engineer  such 
change  is  warranted: 

2  to  3  feet  per  second  for  ordinary  soils;  1.75  feet  per  second,  minimam,  aalesB 
watier  is  very  clear,  when  a  lower  velocity  may  be  used. 

3  to  3.5  feet  per  second  in  onlinary  firm  soils. 

5  to  7  feet  per  second,  safe  in  hard  pan  and  soft  rock. 
8  to  10  feet  per  second  in  cement  work. 
15  feet  per  second  in  solid  rock. 

The  velocity  and  the  quantity  of  water  to  be  carried  being  fixed,  the 
area  of  cross  section  is  known.  This  area  may,  however,  be  put  into 
many  different  shapes,  which  must  vary  according  to  the  material 
encountered.  In  the  simplest  case,  the  area  being  a  rectangle,  there 
are  but  two  factors  to  consider — the  breadth  and  depth.  In  trapezoidal 
channels  an  additional  factor  has  to  be  considered — the  slope  of  the 
sides.     In  the  most  general  case,  if 

A  equals  the  area, 
B  equals  the  base, 

d  equals  the  depth, 

,    ,,        ..       -    ,  horizontal 

m  equals  the  ratio  of  slopes,  -    -r-  — ?- 

The  area  A  equals  Bd  plus  md^. 

There  are  here  three  variable  quantities,  and  it  becomes  necessary 
to  fix  two  of  them  before  the  third  can  be  found. 
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It  is  evident  that  7n  is  fixed  between  narrow  limits  on  account  of  the 
material)  and  that  B  and  d  may  vary  considerably.  As  the  width  of 
the  baae  is  of  minor  importance  compared  with  the  depth  of  the  water, 
it  is  best  to  fix  the  latter  as  soon  as  the  velocity  is  decided  upon.  The 
depth  of  the  water  depends  to  a  great  extent  upon  the  purpose  of  the 
canal.  If  it  is  to  be  an  irrigation  canal  from  which  many  branches 
may  be  taken,  the  depth  should  be  less  than  for  a  canal  which  is  meant 
to  carry  flood  water  to  a  reservoir.  For  rectangular  channels^  a  canal 
in  which  the  base  is  twice  the  depth  gives  a  maximum  velocity  for  a 
given  gradient.  This  cross  section  can  sometimes  be  used  in  flumes 
and  rock  cuts,  but  it  is  seldom  practicable  to  construct  a  canal  with 
the  most  economical  form  of  trapezoidal  section,  as  the  slopes  are  fixed 
by  the  nature  of  the  material,  and  the  depth  of  water  by  other 
conditions. 

In  general  the  following  limiting  values  for  side  slopes  of  cawls 
will  be  found  safe: 

\  horizontal  to  1  vertical  in  rock  cuts. 

1  horizontal  to  1  vertical  in  finii  soil. 

1}  horizontal  to  1  vertical  in  ordinary  soils. 

2  horizontal  to  1  vertical  in  very  light  soils. 

On  steep  side  hills  the  channel  should  be  all  ir.  excavation,  in  order 
to  prevent  the  sliding  of  the  lower  bank,  although  the  expense  of  the 
gi-ading  is  thereby  increased.  In  level  or  slightly  rolling  country  the 
cost  of  excavation  may  be  much  reduced  by  making  the  depth  of  the  cut 
such  as  to  allow  the  upper  portion  of  the  canal  to  be  made  vrith  the 
material  taken  out  of  the  excavation. 

Due  allowance  must  be  made  for  the  height  of  the  banks  above  the 
maximum  height  of  water  surface,  and  also  for  settlement  or  shrinkage 
of  banks,  dependent  upon  the  nature  of  the  material  excavated.  Great 
judgment  must  be  used  to  avoid  slides  on  the  lower  side  of  the  canal, 
where  the  ground  on  which  the  embankment  rests  is  sloping,  as  water 
is  liable  to  percolate  between  the  new  material  and  the  original  surface 
of  the  ground.  Slides  are  also  liable  on  the  upper  side  of  canals  on 
steep  slopes  if  the  ground  becomes  saturated  from  rain  or  snow. 

Sometimes  a  berm  of  2  or  more  feet  is  introduced  between  the  foot 
of  the  bank  and  the  edge  of  the  excavation,  but  this  is  liable  to  intro- 
duce irregularity  in  the  flow  of  the  water  if  the  ground  is  sloping-  lat- 
erally and  undulating  longitudinally.  Absolutely  level  ground  is 
seldom  found  in  practice,  and  if  a  berm  is  graded  off  to  true  planes, 
in  order  to  make  the  cross  section  conform  as  nearly  as  possible  to  the 
theoretical  one,  the  additional  cost  is  not  justified.  Berms  have  be6n 
very  generally  discarded  in  recent  irrigation  practice,  and  are  n^t 
recommended  except  possibly  in  deep  cuts  to  catch  material  that  wt)utd 
slide  into  the  canal.  >   - 

It  is  nearly  always  desirable  to  have  a  wagon  road  running  along- 
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side  a  canal,  to  facilitate  repairs,  and  this  must  also  be  taken  into 
account  in  the  formation  of  the  bank  on  one  side. 

In  fixing  the  minimum  radius  of  curvature  to  be  used  on  a  canal  it 
is  well  to  bear  in  mind  that  curv^es  may  be  used  much  more  freely  to 
save  work  on  a  canal  than  they  may  on  railroads.  The  minimum  radius 
to  be  adopted  must  be,  in  great  measure,  a  matter  of  good  judgment 
on  the  part  of  the  engineer.  Every  curve  changes  the  conditioiis  of 
flow  to  some  extent,  tending  to  reduce  the  velocity.  Care  must  also  be 
exercised  to  prevent  excessive  washing  of  the  banks.  In  general,  the 
minimum  I'adius  should  be  from  4  to  6  times  the  bottom  width.  In 
special  oases  a  smaller  radius  may  be  used,  but  then  the  outer  bank 
should  be  riprapped  in  ordinary  soils  to  prevent  erosion. 

These  are  a  few  of  the  points  which  must  be  considered  when  making 
the  paper  location  on  the  topographic  sheets.  When  staking  out  the 
final  location  on  the  ground  the  method  used  in  staking  out  the  final 
location  of  a  railroad  should  be  adopted.  Stakes  should  be  set  every 
50  or  100  feet,  and  driven  so  that  if  struck  hard  enough  they  will 
break  off  in  the  ground  instead  of  being  knocked  over.  In  hard 
ground  it  may  be  necessary  to  use  a  steel  gad  and  sledge  to  make  a 
hole  for  the  stake,  but  extm  care  should  be  taken  with  the  final  loca- 
tion stakes,  as  ev^ery  one  of  them  will  have  to  be  found  and  verified 
by  the  party  setting  out  the  slope  stakes.  This  rule  applies  even  more 
forcibly  to  slope  stakes,  as  they  are  supposed  to  be  preserved  by  the 
construction  force  and  should  not  be  disturbed.  They  should  remain 
just  where  driven  till  the  work  is  all  done.  On  many  railroads  small 
hardwood  pegs  are  driven  exactly  to  measurement  on  center  and  down 
to  the  surface  pt  the  ground,  and  the  usual  large  stake  driven  along- 
side as  a  witness  stake.  This  practice  has  much  to  commend  it.  As 
the  center  stakes  are  usually  removed  after  all  instrument  points  are 
referenced,  and  the  first  plowing  made,  it  is  sufficient  to  drive  the 
center  stakes  so  that  they  may  be  found  without  trouble  at  any  time 
within  a  few  years  after  being  driven. 

The  stakes  of  all  preliminar}''  lines  should  be  pulled  up  when  the 
final  location  stakes  are  driven.  Neglect  of  this  apparently  simple 
precaution  will  frequently  result  in  the  graders  getting  on  the  wrong 
line  and  doing  work  which  has  to  be  thrown  away,  thereby  causing 
hard  feelings  between  engineer  and  contractor.  All  stakes  look  alike 
to  a  man  who  can  not  read.  Stakes  should  always  be  lettered  and 
numbered  on  the  side  next  the  transitman,  so  that  he  can  check  the 
numbering  on  curves.  This  also  enables  the  rodman  to  see  the  num- 
ber and  call  it  out  to  the  leveler  before  he  puts  down  his  rod.  The 
letter  *'L"  should  be  used  only  for  final  location.  All  stakes  should 
be  lettered  and  numbered  from  the  top  downward  and  be  marked  with 
red  keel  if  possible  to  obtain  it. 

Hubs  with  tack  points  for  beginnings  and  ends  of  curves  should  be 
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driven  to  the  level  of  the  ground  or  a  little  below  it,  ho  that  passing 
vehicles  or  animals  may  not  displace  them. 

Bench  marks  should  be  established  on  final  location  at  least  every 
1,000  feet  on  rough  sidehill  ground,  and  at  least  every  mile  in  level 
or  open  country,  and  they  should  always  be  f ai*  enough  to  one.  side  to 
be  well  outside  the  slope  stakes  when  they  are  set. 

DESIGNS. 

When  the  engineer  is  making  the  paper  location  he  will  decide  as  to 
the  number  and  nature  of  the  structures  required  on  the  canal,  and 
will  have  additional  topographical  notes  and  maps  made  on  a  large 
scale,  as  may  be  necessary  for  the  careful  designing  of  the  structures. 
These  designs  could  be  underway  when  the  final  location  of  the  line 
is  commenced  in  the  field.  The  designs  should  contemplate  permanent 
and  durable  structures,  such  as  will  reflect  credit  on  the  service 
and  be  most  economical  in  the  end. 

The  engineer  in  charge  of  a  project  should  make  his  own  designs  for 
structures  or  have  them  made  by  a  competent  designing  engineer 
under  his  immediate  supervision,  and  when  ready  they  should  be  sub- 
mitted to  the  board  of  consulting  engineers  appointed  by  the  chief 
engineer  for  their  approval  and  suggestions. 

When  the  plans  are  approved  by  this  board  they  may  be  presented 
to  the  chief  engineer  for  his  final  approval,  after  which  they  will  be 
ready  to  attach  to  the  contract. 

POWER  DEVEIiOPMENT. 

By  H.  A.  Storks. 

The  power  features  of  most  projects  naturally  divide  themselves 
into  three  classes,  viz: 

1.  Temporary  power  development  for  use  during  construction  of 
dams,  canals,  etc. 

2.  Permanent  power  development  possibilities. 
8.  Permanent  power  utilization  possibilities. 

Machinery  required  for  temporary  power  plants  can  ordinarily  be 
utilized  afterwards  in  the  permanent  power  plants;  hence  temporary 
power  development  may  often  be  accomplished  at  the  slight  increase 
of  cost  of  the  project  as  a  whole,  since  the  first  cost  of  most  of  the 
machinery  is  ultimately  charged  to  the  permanent  plant.  To  secure 
this  end  the  general  design  of  the  pennanent  power  plant  should  be 
determined  before  buying  the  machinery  for  the  temporary  plant. 

For  gravity  irrigation  systems,  including  the  development  and  use 
of  power  for  pumping  as  an  auxiliary  source  of  suppl}^,  two  classes 
should  be  considered,  viz: 

(1)  Those  in  which  the  power  is  developed  by  water  flowing  out  of 
a  storage  reservoir. 
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(2)  Those  in  which  the  power  is  developed  by  water  diverted  f  rooi 
a  stream  or  falling  from  a  higher  to  a  lower  canal  level.  Power  plants 
for  the  first  class  will  have  to  be  designed  to  operate  under  varioiL<< 
heads,  depending  upon  the  stage  of  water  in  the  reservoir;  wherea.^ 
power  plants  for  the  second  class  will  be  designed  to  operate  under 
practically  constant  head,  and  will  therefore  be  cheaper  and  simpler  in 
construction. 

lor  each  class  the  available  flow  of  water  during  the  irrigation 
season  should  be  stated.  This  information  could  be  best  presented  in 
the  form  of  curves  showing  the  probable  average  day  and  night  flow 
per  day  or  week  throughout  the  year. 

An  important  aid  in  determining  the  best  design  of  power  maehio- 
ery  for  class  1  consists  in  knowing  approximately  the  stage  of  water  in 
the  reservoir  at  which  the  full  output  of  the  power  plant  Lis  to  be 
secured.  The  bearing  of  this  information  in  determining  the  design 
becomes  evident  when  it  is  observed  that  if  the  machinery  is  intended 
to  yield  the  full  output  of  the  plant  when  the  reservoir  is  nearly 
empty,  the  machinery  will  not  be  able  to  utilize  the  entire  power 
available  when  the  reservoir  is  full:  whereas  if  the  inachinerv  is 
designed  to  yield  its  full  output  only  when  the  resen^oir  is  full,  the 
plant  will  be  able  to  deliver  only  a  fraction  of  its  full-rated  output 
when  the  reservoir  is  only  partially  full.  Another  fomi  of  conveying 
the  information  required  for  properly  designing  power  plants  for 
stomgc  reservoirs  would  involve  statements  as  to  capacities  at  all 
depths  of  water  in  the  reservoir  and  as  to  whether  the  reservoir  is 
expected  to  be  filled  and  emptied  each  irrigation  season,  or  to  be  filled 
and  emptied  only  in  exceptional  seasons,  or  to  be  only  partially  filled 
and  not  entirely  emptied  (probable  limits  to  be  stated)  each  season 
under  usual  conditions  of  rainfall,  etc. 

The  design  and  cost  of  power  plants  will  also  be  affected  by  the  con- 
ditions under  which  the  power  is  to  be  used.  Assuming  that  it  is  to 
be  applied  to  pumping  from  wells  or  from  a  lower  to  a  higher  canal 
level,  the  power  will  usually  have  to  be  transmitted  electrically, 
and  the  distance  of  transmission  is  one  factor  in  determining  the 
design  of  the  electrical  apparatus.  The  cost  of  transmission  lines  will 
depend  upon  the  distance,  the  amount  of  power  transmitted,  and  local 
conditions. 

In  prcliminar}^  estimates  of  cost  of  power  plants,  transmission  lines, 
and  pumping  plants,  the  knowledge  of  local  conditions  which  it  is  most 
necessary  to  have  involves  a  statement  as  to  the  supply  of  labor  and 
construction  materials  afforded  by  the  local  market,  with  estimates  of 
cost  of  the  same,  a  statement  of  the  distance  by  wagon  road  from  the 
nearest  railroad  station  to  the  location  of  the  works,  and  cost  of  haul- 
ing per  ton  mile,  and  a  statement  of  the  nature  of  the  country  over 
which  the  transmission  line  will  pass.     The  cost  of  poles,  35  to  ^  feet 
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long  and  10  inches  in  diameter  at  the  top,  delivered,  should  be  aacer- 
tained,  as  well  as  the  cost  of  timber  and  other  construction  materials. 

Detailed  information  should  be  obtained  as  to  the  nature  of  the 
ground  at  the  proposed  locations  of  power  and  pumping  plants,  pref- 
erably on  plane-table  sheets  drawn  to  a  scale  of  about  60  feet  to  the 
inch  and  showing  6-foot  contours  over  the  area  where  headworks,  pen- 
stocks, power  machinery,  draft  tube  pits,  tailrace,  etc.,  are  to  be 
located.  Where  it  is  expected  that  sJtructures  requiring  solid  founda- 
tions will  be  built,  the  depth  to  bed  rock  should  be  ascertained  by  test 
pits  or  borings.  The  highest  and  lowest  water  levels  in  the  stream  at 
proposed  location  of  tailrace  should  be  stated,  in  order  that  the  power 
house  may  be  built  out  of  reach  of  flood  waters,  yet  low  enough  to 
utilize  the  full  head  available.  The  power-room  floor  level  can  be  18 
or  20  feet  above  tail-water  level. 

The  power  possibilities  of  a  project  should  usually  be  given  but 
little  attention  when  an  ample  supply  of  water  can  be  delivered  by 
gravity  at  reasonable  cost  to  all  the  irrigable  land  available.  Some- 
times, however,  a  long  main  canal  through  country  involving  expen- 
sive construction  may  be  replaced  by  a  series  of  canals  located  so  as 
to  take  advantage  of  the  surface  formations  and  involving  one  or 
more  pumping  plants,  thus  lessening  somewhat  the  total  cost  of  the 
system.  A  given  quantity  of  water  falling  a  given  vertical  distance 
may  be  counted  on  to  pump  an  equal  quantity  of  water  to  about  one- 
half  the  same  vertical  height,  and  the  total  cost  of  the  electric  power 
system  may  be  roughly  figured  at  JlOO  per  horsepower  transmitted. 

Projects  in  which  pumping  may  be  considered  an  essential  feature 
involve  three  principaf  items:  (1)  The  possibility  of  developing  power 
at  reasonable  cost;  (2)  an  adequate  supply  of  water  for  pumping;  (3)  a 
sufficient  quantity  of  irrigable  land  within  reach  of  the  pumping  plants. 

The  determination  of  the  possibility  of  power  development  involves 
a  study  of  water  power  from  streams  and  reservoirs  and  a  study  of 
the  fuel  resources  of  the  country. 

The  determination  of  the  possibility  of  obtaining  an  adequate  water 
supply  involves  a  study  of  stream  flow  and  underground  supply. 

The  determination  of  the  amount  of  land  to  be  irrigated  by  pumped 
water  involves  a  study  of  the  character  and  quantities  of  land  at  vari- 
ous elevations  and  at  various  distances  from  the  source  from  which 
water  is  to  be  obtained  by  pumping. 

The  possibility  of  storing  the  pumped  water  in  reservoirs  at  such 
elevations  that  it  can  be  distributed  by  gravity  to  the  lands  to  be  irri- 
gated is  an  important  feature  of  some  projects.  Where  such  an 
arrangement  is  possible,  a  comparatively  small  pumping  plant  work- 
ing continuously  would  be  able  to  furnish  water  sufficient  for  a  short 
irrigation  season  for  several  times  as  much  land  as  it  could  supply  if 
pumping  direct  onto  the  land  without  having  the  benefit  of  the  equal- 
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izing  effect  of  the  reservoir.  This  feature  is  specially  important  where 
the  water  is  pumped  from  wells,  since  a  steady  draft  on  the  wells  i$ 
more  economical  of  power  than  a  short  forced  draft,  and  the  capacity 
and  number  of  wells  required  to  yield  the  year's  supply  of  water  may 
be  smaller. 

Where  conditions  are  favorable  for  pumping  water  for  irrigatioiu 
except  that  the  cost  of  developing  water  power  is  nearly  or  quite  pro- 
hibitive, the  possibility  of  using  steam  or  gas  engines  should  be  con- 
sidered. This  involves  securing  information  regarding  the  oost  of 
coal  or  oil  delivered  at  the  power  plant,  and  a  determination  of  the 
quality  of  the  coal  in  case  a  low-grade  coal  can  be  obtained  cheaply 
near  at  hand.  With  cheap  fuel  a  central  producer  gas  plant  distrib- 
uting gas  under  pressure  by  pipe  lines  5  or  10  miles  in  length  to  scat- 
tered pumping  plants  operated  by  gas  engines  would  compare  favor- 
ably, as  regards  first  cost,  opei*ating  expenses,  and  efficiency,  with 
many  electric  systems  operated  by  water  power. 


PERSONNEL  OF  THE  RECUMATION  SERVICE. 

[Revised  to  April  1,  1904.] 

The  following  list  gives,  in  alphabetic  order,  the  names  of  the  prin- 
cipal men  of  the  regular  force  of  the  reclamation  service  and  the 
salient  facts  concerning  their  education  and  experience.  These  have 
been  brought  together  for  convenience  of  reference  by  all  concerned 
with  the  work  of  the  reclamation  service,  since  they  answer  questions 
that  are  asked  from  time  to  time  as  to  the  various  men. 

More  elaborate  and  detailed  information  is  kept  on  file  in  the  Wash- 
ington office,  together  with  confidential  records  of  the  ability  displayed 
and  the  work  accomplished  by  each  employee,  these  being  for  the 
information  of  the  boards  convened  to  consider  personnel. 

Ahbrn,  Jeremiah,  engineer.  Address,  Washington,  D.  C.  Bom  in  California, 
July  5,  1860.  Edacated  as  a  civil  engineer  at  University  of  California.  In  1883  was 
field  assistant  with  United  States  Geological  Survey,  and  in  November  of  that  year 
was  appointed  assistant  topographer.  In  1884  was  on  survey  and  reconnaissance 
work  in  California.  During  field  seasons  1885-1889  was  on  topographic  surveys  in 
Virginia,  Alabama,  Georgia,  and  Pennsylvania,  and  during  the  winter  months  on 
office  work  in  Washmgton,  D.  C.  1889-1891,  topographer,  Powell  Irrigation  Survey, 
in  chaige  of  surveying  parties  in  Montana.  1891-1892,  topographer,  United  States 
Geological  Survey,  on  topographic  work  in  New  Mexico  and  California.  1892-1895, 
associated  with  McCray  Brothers,  civil  and  hydraulic  engineers,  San  Francisco,  Cal., 
during  which  time  was  engaged  in  land  surveys,  surveys  of  reservoir  sites,  railroads, 
canal  lines,  construction  of  ditches,  and  wagon  roads,  also  in  hydraulic  and  irrigation 
surveys  and  investigations  and  study  of  problems  related  to  water  supply.  Author 
of  "  Hydraulic  Formulas  and  Tables.*'  1895-1899,  United  States  surveyor  of  lands 
in  Indian  Territory,  under  United  States  Geological  Survey.  1899-1901,  topographer, 
United  States  Geological  Survey,  on  topographic  work  in  Arizona,  New  Mexico,  and 
Utah,  and  on  office  work  in  Washington,  D.vC.  1901-1902,  hydrographer.  United 
States  Geological  Survey,  on  topographic  work  in  Colorado  and  Arizona,  and  on 
hydrographic  work  in  Arizona.  July  8, 1902,  appointed  engineer  in  the  reclamation 
service,  since  which  date  he  has  been  engf^;ed  in  surveys  and  investigations  in 
Wyoming. 

Andbbsen,  Chbistian,  engineer.  Address,  Portland,  Oreg.  Bom  in  Denmark, 
December  28,  1860.  Educated  at  University  of  Minnesota,  degree  B.C.E.  Member 
American  Society  Civil  Engineers.  In  1886  was  division  engineer  on  construction 
for  Minneapolis,  Lyndale  and  Minnetonka  Railroad;  in  1887,  resident  engineer  on 
construction  for  Northern  Pacific  Railroad;  1888-1890,  topographer,  transitman,  and 
in  charge  of  locating  party,  Oregon  Railway  and  Navigation  Company.  From 
1890-1899  practiced  civil  engineering  in  Oregon.  In  1899-1900,  chief  engineer  of  loca- 
tion. The  Dalles  Southern  Railroad.  In  1901  was  general  manager  for  the  Columbia 
River  Packers'  Association,  constructing  salmon  cannery  in  Alaska.  In  1902,  super- 
intendent of  construction  in  Alaska.  Appointed  assistant  engineer  in  the  reclama- 
tion service  May  24,  1903,  and  promoted  to  engineer  January  1,  1904. 
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Arnot,  Edwin  Pebcy,  engineering  aid.  Address,  Wadsworth,  Nev.  Bom  in  Oali- 
fornia,  July  22,  1882.  Graduate  of  Nevada  State  University,  d^ree  B.S.  In  1902 
was  with  Standard  Electric  Company,  of  California,  making  estimates  of  rock-fiU  in 
construction  of  dam  at  Tamarack,  Cal.,  also  making  topographic  survey  of  two  reser- 
voir sites.  1902-1903,  w^ith  United  Stales  Greological  Survey,  on  Truckee  Canal  and 
Carson  River  reservoir  sites.  May  27, 1903,  appointed  engineering  aid  in  the  reclama- 
tion service,  and  continued  on  Truckee-Carson  work. 

Babb,  Cyrus  Catbs,  engineer.  Address,  Washington,  D.  C.  Bom  in  PortlaiMl, 
Me.,  1867.  Graduate  of  Massachusietts  Institute  of  Technology,  1890.  Associate 
member  American  Society  Civil  Engineers.  In  1887,  on  preliminary  railroad  survey 
Rockland  to  Rockport,  Me.  In  1888  transitman  under  Gilbert  Hodges,  Member 
American 'Society  Civil  Engineers,  On  street  h&ilway  work;  1890  to  date  with  United 
States  Geological  Survey  in  various  capacities,  viz.,  July,  1890,  to  August,  1892,  assistant 
hydrographer  and  assistant  topogn^her  in  chafge  of  hydrographic  office  work; 
August,  1892,  to  January,  1893,  assistant  in  topographic  and  hydrographic  field  work 
in  Kansas,  Nebraska,  and  Colorado;  from  January  to  July,  1893,  in  office;  summer  and 
fall  of  1893,  assistant  geologist  working  in  Georgia,  Alabama,  and  Tennessee;  summer 
of  1894  traveling  in  Europe;  January  to  June,  1895,  engaged  iii  hydrographic  field  work 
in  the  basin  of  Potomac  River;  July  to  December,  1895,  in  charge  of  hydrographic 
work  in  Atlantic  slope;  January  to  July,  1896,  as  assistant  hydrographer  for  the 
determination  of  a  water  Hupply  for  Gila  ^ver  Indian  Reser\'ation  in  Arizona;  July, 
1896,  to  November,  1898,  inspector  of  hydrographic  stations  west  of  Mississippi  Rix-er. 
November,  1898,  to  September,  1899,  assistant  hydrographer  in  charge  of  field  party 
on  Gila  River  8ur\'ey;  September,  1899,  to  June,  1901^  hydrographer  in  charge  of 
investigations  for  water  supply  for  Uinta  Indian  "Reservation,  Utah;  July,  1901,  to 
June,  1902,  hydrographer  in  charge  of  Milk  River  project,  Montana.  Jufy,  1902,  to 
date,  engineer,  reclamation  8er\'ice,  in  charge  of  Milk  River  project,  Montana. 

Bailey,  Karnbht  Albert,  engineering  aid.  Bom  at  Clay  Center,  Kans.,  November 
d,  1879.  Itklucation,  high  school,  Delta,  Colo.,  and  University  of  California.  In 
1902,  engaged  in  land  and  general  surveying  in  Mendocino  County,  Cal.  Appointed 
engineering  aid  in  the  reclamation  service  May  16,  1903. 

Barrows,  Harold  Kilbre^h,  assistant  engineer.  Address,  Burlington,  Yt.  Bora 
in  Massachusetts,  N'ovember  9,  1873.  Graduate  of  Massachusetts  Institute  of  Te<*h- 
nology,  1895,  in  civil  engineering.  In  1895  and  1896  was  assistant  instructor  in  c\\\\ 
engineering  at  Massachusetts  Institute  of  Technology.  1896-1 899,  with  city  engineer, 
Newton,  Mai«.,  as  transitman  and  assistant  in  chai^  on  city  work.  1899-1901  with 
Metropolitan  Water  Board,  Boston,  Mass.,  on  designs  and  computations.  1901-1903, 
assintant  professor  of  civil  engineering  at  University  of  Vermont,  and  from  that  time 
associate  professor.  July  to  September,  1902,  resident  hydrographer.  United  States 
Geological  Survey,  Kihgston,  N.  Y.  Was  appointed  assistant  engineer  June  15, 1903, 
in  charge  of  river  work  in  Vennont  and  New  Hampshire,  under  N.  C.  Grover. 

Bebb;  Edward  Crosby,  topographer.  '  Address,  Seward,  111.  Born  in  Illinois 
1872.  High  Hcliool  education  at  Rockford,  III.,  and  course  in  civil  engineering  at 
University  of  Wisconsin,  B.S.  in  C.E.,  1896.  In  1896  levelman  and  topographic 
ai'sistant  with  United  States  Geological  Survey  in  northern  peninsula  of  Michigan. 
1896-1897,  in  general  engineering  work,  making  survey  and  plat  for  addition  to  city 
of  Madison,  Wis.,  gaging  Baraboo  River,  etc.,  and  preparing  mftpe  and  drawings  for 
Geological  Shrvey  publications.  July  1,  1897,  appointed  assistant  topographer 
United- States  Geological  Survey  and  assigned  to  duty  with  parties  in  Vermilion  iron 
range,  Minnesota,  and  on  Danville,  III.,  quadrangle.  In  1898  in  chai^^of  topographic 
work  in  Menominee  iron  range,  Michigan,  and  later  in  Vermilion  range,  Minnesota. 
July  1,  1899,  appointed  tojwgraphjBr  United  States  Geological  Survey.  1899-1903, 
in  charge  of  topographic  work  in  viarious  mining  districts  and  surveys  of  quadrangles. 
July  1,  1903,  transferred  as  topographer  to  I'eclamation  service. 
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Bbers,  William  Duke,  assistant  engineer.  Address,  P.  O.  Box  ^'S/MUt  Lake 
City,  Utah.  Born  in  Utah,  August  20,  1877.  Graduate  of  Agricultural  'Oollege  of 
Utah,  d^ree  B.8.  In  1897  engaged  in  conduct  of  experiments  on  carry  ing'Ciikacity  of 
ditches  and  canals.  In  1899  engaged  in  running  canal  lines  and  gaging  streams. 
In  1900  engaged  in  preliminary  and  location  work  on  proposed  Idah4i«#outhern 
Railroad.  In  1901  worked  under  Mr.  G.  L.  Swendsen  as  assistant  fiel^"«ngineer 
on  the  construction  of  the  Last  Chance  canal  in  Idaho.  1901-1902,  assistant  civil 
suid  irrigation  engineer  at  Agricultural  College  of  Utah.  1901-1903,  assisting  in 
liydrographic  work  in  Utah.  February  7,  1903,  appointed  engineering  aid  in  the 
reclamation  service;  January  1,  1904,  promoted  to  assistant  engineer. 

Bennett,  Samuel  G.,  engineer.  Address,  431  Rialto  Building,  San  Francisco,  Cal. 
Kducation,  public  and  private  schools,  Hartford  Acadenty,  Hartford,  Ky.,  and  George- 
town College,  Georgetown,  Ky.  From  1886  to  1891  assisted  in  surveying  and  engi- 
neering work;  1891-1893,  draftsman;  1893-1896,  general  practice,  surveying,  and 
engineering.  In  1897  assisted  in  survey  of  Music  Mountain  mines,  Ariaona.  1897- 
1898  with  Chicala  Water  Company,  Rialto,  Cal.  April  to  October,  1898,  iu  geni^ral 
Burveying  work.  189^1903,  assistant  resident  hydrographer,  United  States  Ge6- 
logical  Survey.  1899-1900,  conducted  investigations  and  made  estimates  in  connec- 
tion with  water  supply,  pressure,  etc.,  for  Pasadena  and  Los  Angeles,  Cal.  July, 
1902,  made  a  study  of  carrying  capacity  of  the  Lagrange  Ditch  and  Hydraulic  Mining 
Company's  canal,  Lagrange,  Cal.  Appointed  engineer  in  the  reclamation  service 
January  8,  1903.  ; 

Bien,  Morris,  engineer.  AddrefBs,  Wafihingt<»,  D*  C.  Born  in  New  York  City, 
April  17,  1859.  Graduate  of  University  of  California  in  civil  engineering,  Ph.  B., 
1879;  graduate  of  Columbian  University,  Washington,  D.  C,  LL.B.,  1895;  National 
University,  Washington,  D.  C,  LL.M.,  1896.  1879-1893,  engaged  in  topographic 
and  irrigation  work,  United  States  Geological  Survey.  1893-1902,  General  Land 
Office,  Washington,  D.  C,  legal  and  right-of-way  work  relating  to  irrigation,  rail- 
roads, etc.  July  10,  1902,  transferred'  to>  Geolo^'cal  Survey;  eiigaged  in  legal  and 
land  matters,  reclamation  service. 

Blanch ARD,  Clarence  John.  Address,  Washington,  D.  C.  Born,  Norbam,  Can- 
ada, December  4,  1863.  Education,  Iowa  Agricultural  College,  class  1883.  Deputy 
State  oil  inspector,  Iowa,  1886-1891.  Special  press  correspondent  in  Central  America 
1 893-1 898;  in  Hawaii  1890.  Chief  of  irrigation  section  Twelfth  .Census.  In  charge  of 
special  investigation  of  irrigation  by  Census  Office  1902-3.  March  1,  1903,  appointed 
clerk  in  the  reclamation  service. 

Bliss,  George  Henry,  assistant  engineer.  Address  427  Peyton  Block,  Spokane, 
Wash.  Bom  at  Newburyport,  Ma«is.,  April  21,  1875.  Education,  high  school  and 
Massachusetts  Institute  of  Technology.  1894-95,  engineering  inspector,  eU.\y  for 
city  of  Newburyport,  Mass.  1896-97,  assistant  engineer  for  city  of  Maiden,  Mass. 
January-April,  1898,  engaged  in  construction  work  on  electric  road,  Boston,  Mass. 
April-October,  1898,  with  Allegheny  and  Western  Railroad,  in  charge  of  party 
railroad  location  surveys.  October,  1898-1900,  with  New  York,  New  Haven  and 
Hartford  Railroad,  Boston,  track  widening,  retaining  wall,  and  l>ridge  work.  1900- 
1902,  inspector  of  materials,  Charlestown  Navy- Yard.  1902-3,  with  Boston  Steel  and 
Iron  Company,  Medford,  Mass. ;  structural  engineering.  Appointed  assistant  engi* 
neer  in  reclamation  service.  May  23,  1903. 

Bolster,  Roy  Hale,  assistant  engineer.  Address  Phoenix,  Ariz.  Bom  Roxburf , 
Mass.,  April  6,  1877.  Studied  electrical  and  civil  engineering  at  Massachusetts 
Institute  of  Technology.  Appointed  engineering  aid  in  the  reclamation  service -Jan- 
uary 19,  1903,  and  from  that  date  to  April  29  on  duty  in  Washington,  D.  C,  making 
computations.  May-October; ^  1903,  at  Montrose,  Colo.,  on  Gunnison  River  project,  ^ 
and  then,  in  electrical  work  in  connection  with  Salt  River  project,  January  1,  1904, 
promoted  to  aasistaii^  engineer. 
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BoNOTBDT,  Fkuhnand,  asBUitant  engineer.  Addreeg,  Lawton,  Okla.  Born  AkioD, 
Ohio,  1864.  B.  S.  in  C.  E.  Penneylvania^  Polytaebnie  College,  1885.  Jaly,  1885,  to 
January,  1886y  emplo3red  ia  city  engineer's  office,  Akron,  Ohio.  1886,  transitman 
on  location  and  division  engineer  on  construction  Union  Pacific  Railway  extemdon  in 
Nebraska.  1887-1880,  aMoetanten^Beer  municipal  improvemento  lor  city  of  Linooln, 
Nebr.  1890;  engineer  on  maintenaneeof  way  for  Burlington  and  Miasonri  River  Rail- 
road. 1891-1806,  deputy  city  engineer,  Lincoln,  Nebr.  1896-1900,  city  engineer,  Lin- 
coln, Nebr.  1900-1902,  assistant  engineer,  department  of  streets,  Habana,  Ciiba. 
Appointed  assistant  engineer  United  States  Greological  Survey,  Septeml>er  29, 1902. 

Brainard,  Linus  Brooks,  engineering  aid.  Address,  Los  Angeles,  Gd.  Bom  in 
Oregon,  June  20,  1879.  Graduate  of  University  of  California,  degree  A.  B.  Jnne- 
August,  1901,  solar  compass  work,  subdividing  two  townships,  135  miles  of  line. 
June-November,  1902,  field  work.  Department  of  Agriculture,  running  about  500 
miles  of  levels,  and  having  immediate  supervision  of  another  party  doing  similar 
work;  later  employed  on  office  work.  May  15,  1903,  appointed  engineering  aid  in 
the  reclamation  service. 

Branch,  Lbster  Van  Noy,  assistant  engineer.  Address,  Chamber  of  Commence 
Building,  Denver,  Colo.  Born  in  New  York  State,  February  23,  1880.  Gradoate 
of  University  of  North  Carolina;  degree  B.  S.,  and,  later,  M.  S.  Took  Ppecial 
course  at  Columbian  University,  1901-1903.  With  United  States  Geological  Sni^ 
vey  June-November,  1900,  on  ApjMdachian  Park  investigations  in  North  Carulina 
and  Tennessee.  November,  1900,  to  May,  1901,  in  office  at  Washington  on  work 
connected  with  Appalachian  Park  investigations  and  on  computations  for  annual 
report  May-November,  1901,  engineering  aid  in  Utah  and  Montana.  November, 
1901,  to  July,  1902,  on  office  work  in  Washington  office.  July  28,  1902,  appointtMi 
assistant  irrigation  engineer  in  the  reclamation  service,  and  has  since  been  on  duty 
in  Montana,  Colorado,  and  Wyoming,  and  in  Washington  office. 

Brinkley,  Milo  Hamilton,  engineering  aid.  Address,  Jefferson  City,  Mo.  Bom 
in  MisBoun  February  12,  1881.  Graduate  of  University  of  Missouri,  B.  S.  in  C.  K 
In  1901  was  chainman  on  a  preliminary  railroad  survey  in  Missouri.  In  1902  was 
with  the  Gulf  and  Ship  Island  Railroad  Company,  of  Mississippi,  at  first  as  roilman 
and  afterwards  on  instrument  work;  also  as  draftsman  in  the  office  of  the  chief  engi- 
neer. June  10,  1903,  was  appointed  engineering  aid  in  the  reclamation  service,  and 
was  transitman  on  Bear  Lake  project  in  Idaho  until  October. 

Burke,  John  Thomas,  assistant  engineer.  Address,  Boise,  Idaho.  Bom  in  Illi- 
nois September  28,  1874.  Graduate  of  Idaho  State  University,  B.  S.  in  C.  E.,  1901. 
In  1900  was  assistant  draftsman  and  surveyor  on  aerial  tramway  work  in  Neleon, 
British  Columbia.  In  1901  topographer  on  preliminary  canal  lines  for  Twin  Falls 
Land  and  Water  Company;  also,  in  same  year,  topographer  on  reservoir  and  canal 
investigations  for  United  States  Geological  Survey  in  Idaho.  1901-2,  aspislant 
engineer  and  superintendent  on  reservoir  and  canal  construction.  In  1902  aasislant 
draftsman  and  field  engineer  under  Idaho  State  engineer.  1902-3  assistant  irrigation 
engineer  in  charge  of  field  party  for  United  States  Geological  Survey  on  reservoir 
and  canal  investigations  in  Idaho.  January  12,  1903,  appointed  assistant  engineer 
in  the  reclamation  service  and  assigned  to  Colorado  River  surveys  near  Needles,  Cal., 
and  later  in  charge  of  field  work  on  surveys  connected  with  Minidoka  project  in 
Idaho. 

Cameron,  John  Donald,  engineering  aid.  Address,  Reno,  Nev.  Bom  in  Nevada 
June  11,  1881.  Education,  high  school  and  University  of  Nevada,  degree  B.  S.  In 
1903  was  in  the  field  with  a  topographic  party  engaged  in  surveying  a  proposed  canal 
line,  also  in  same  year  engaged  in  transit  work  near  Stillwater,  Nev.  In  fall  and 
winter  of  1902  in  office  of  L.  H.  Taylor,  resident  engineer.  United  States  Geological 
Survey.  May  23, 1903,  appointed  engineering  aid  in  reclamation  service  and  assigned 
to  duty  as  levelman  on  location  work  of  Lower  Truckee  canal  from  April  to  July, 
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inclusive;  then  as  tiunsitman  on  location  of  laterals  tributary  to  Lower  Tnickee  canal: 
also  on  office  work  in  Reno,  Nev.  • 

Camp,  Jambb  G.,  assistant  engineer.  Address,  Phoenix,  Ariz.  Bom,  Alliance, 
Ohio,  July  2, 1863.  Education,  common  and  high  schools.  February,  1894,  to  May, 
1898,  superintendent  of  construction  for  Farmers'  Union  Ditch  Company.  June- 
November,  1898,  topographer  with  Pacific  and  Idaho  Northern  Railroad  Ck>mpany. 
From  May,  1902,  with  United  States  Geological  Survey  party,  making  preliminary 
reservoir  surveys,  etc.  January  12,  1903,  appointed  engineering  aid  in  the  reclama- 
tion service,  and  promoted  to  assistant  engineer  September  1,  1903.  January-May, 
1903,  preliminary  surveys  on  Umatilla  River  for  ditch  and  reservoirs  and  investiga- 
tion as  to  feasibility  of  irrigation  projects  on  the  Palouse,  Snake,  and  Columbia  rivers. 
June-November,  1903,  preliminary  surveys  and  investigations  of  ditch  projects  and 
reservoirs  on  North  Fork  of  Snake  River. 

Castbel,  Calvin,  engineering  aid.  Address,  Salem,  Greg.  Bom  in  Iowa,  Janu- 
ary 20,  1876.  Graduate  of  University  of  Oregon,  B.  S.  in  C.  E.  June  16,  1903, 
appointed  engineering  aid  in  the  reclamation  service,  and  assigned  to  duty  in  the 
State  of  Washington. 

Chandlkr,  Albert  Edward,  engineer.  Address,  Carson,  Nev.  Bom  at  San 
Francisco,. Gal.  Graduate  of  University  of  California.  1899-1902,  instructor  at  Uni- 
versity of  California.  1900,  hydrographer  United  States  Geological  Survey,  in  charge 
of  investigations  of  storage  possibilities  on  Cache  Creek,  California.  1901,  irrigation 
expert.  United  States  Department  of  Agriculture,  in  charge  of  study  of  duty  of  water 
on  Tule  River,  California.  1902-3,  irrigation  assistant.  Department  of  Agriculture,  in 
charge  of  irrigation  investigations  on  Carson  and  Walker  rivers,  Nevada.  Appointed 
engineer  in  the  reclamation  service  June  26,  1903. 

Chandler,  Elwyn  Francis,  assistant  engineer.  Address,  University,  N.  Dak. 
Bom  in  Ohio,  August  29,  1872.  Graduate  of  Ripon  College,  Wisconsin,  degrees 
A.  B.  and  A.  M.  Attended  University  of  Wisconsin  two  years.  Has  been  engaged 
in  surveying  and  civil  engineering  since  1890.  1895  was  city  engineer  of  Ripon,  Wis. ; 
in  1898  was  with  Wisconsin  Geological  and  Natural  History  Survey,  on  a  hydro- 
graphic  map  of  Green  Lake,  Wisconsin.  1899,  employed  in  designing  and  construct- 
ing a  sewerage  and  drainage  system  for  University  of  North  Dakota,  and  other  similar 
improvements  there.  In  1902  was  in  charge  of  an  oiBce  in  Grand  Forks,  N.  Dak., 
for  general  civil  engineering  and  surveying.  1902-3,  assistant  professor  in  charge  of 
the  department  of  mathematics.  University  of  North  Dakota.  Appointed  assistant 
engineer  in  the  reclamation  service  May  1,  1903. 

Charlbb,  Lavbrn  John,  assistant  engineer.  Address,  Golden,  Colo.  Bom  in 
Colorado,  July  9,  1877.  Education,  common  school,  high  school,  and  technical; 
degree  of  engineer  of  mines  and  metallurgy.  Technical  course  included  survey  of 
reservoir  sites,  construction  of  irrigation  canals,  testing  and  rating  flow  of  water  over 
weirs,  through  conduits,  pipes,  ditches,  etc.,  tunneling  and  underground  surveying, 
and  general  hydrographic  surveying.  Appointeil  assistant  engineer  in  reclamation 
service  March  31,  1903,  since  which  date  has  been  engaged  in  measurement  of  base 
lines,  triangulation,  transit,  level,  and  plane-table  work,  and  computations  incident 
thereto. 

Childs,  Erneot  Roy,  assistant  engineer.  Address,  2045  J  street,  San  Diego,  Cal. 
Bom  in  Minnesota,  July  7,  1875.  Education,  University  of  California,  d^p-ee  B.  S. 
1901-1903,  field  assistant  with  United  States  Geological  Survey.  Appointed  engineer- 
ing aid  in  the  reclamation  service  July  1,  1903;  promoted  to  assistant  engineer  Janu- 
ary 1,  1904. 

Churchill,  Percival  Mitchell,  assistant  hydrographer.  Address,  Elmwood, 
Mass.  Bom  at  Elmwood,  Mass.  Education,  full  civil  engineering  course  at  Maa- 
aachusetts  Institute  of  Technology,  class  of  1895.  In  1892  was  in  city  engineer's 
office,  Brockton,  Mass.     1893,  draftsman,  East  Bridgewater,  Mass.    1894,  private 
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work  at  raune  locality.  1895-96,  resident  engineer,  MaasachnsetfcB  highway  cotnmi^ 
sion.  189&-97,  aasLstantt^hief  of  party  for  joint  board  of  MasBachnsetts  State  br^ni 
of  health  and  harbor  and  land  commisBion  on  enrvey  of  Green  Harbor,  Maas.  1n:«^. 
draftsman  and  designer,  East  Bridgewater,  Mass.  1899,  chief  of  party  on  elet'trr 
railway  work,  Boston.  1900-2,  United  States  junior  engineer,  War  Departiut^nt. 
1902,  resident  hydrographer  United  States  Geological  Survey,  Catskill  Mountain  «iK^ 
triot,  and  Delaware  River.  Appointed  assistant  hydrographer,  reclamation  aer^ioi-, 
December  10.  1902. 

Clapp,  Sidnby  K.,  assistant  engineer.  Born  in  Massachosetts,  January  K,  1n7;i 
Graduate  Massachusetts  Institute  of  Technology,  B.  S.  In  1894,  in  engineering  dej^irt- 
mentof  city  of  Boston,  Mass.  1895,  with  Boston  and  Maine  Railroad.  1895-li^)l. 
with  Metropolitan  Water  and  Sewerage  Board  of  Massachusetts.  1901-2,  under  <  ity 
engineer,  Waterbury,  Conn.,  on  Wigwam  dam.  1902-1904,  in  private  employment. 
January  5,  1904,  appointed  assistant  engineer  in  the  reclamation  service. 

Clapp,  William  Billings,  assistant  engineer.  Address,  Pasadena,  Cal.  Bom  at 
Conway,  Mass.,  April  11,  1861.  Education,  high  school  and  special  study.  IssJ, 
asHiRtant  in  subdivision  of  public  land  in  northern  California.  1883-1886,  assistant 
engineer  in  charge  of  construction,  Los  Angeles  and  San  Gabriel  Valley  Railruaii. 
1888,  assistant  engineer  on  construction  of  cable  railway  system,  also  assistant 
engineer  for  Los  Angeles  and  Salt  Lake  Railway  Company.  1889,  private  engin«f  r- 
ing  work  at  Seattle,  Wash.  1891,  engineer  and  roadmaster  for  San  Gabriel  Vallt^y 
Rapid  Transit  Company.  1892,  chief  engineer  Arizona  waterworks  and  sewerage  o  >Tn- 
pany .  1 893,  engi  neeri ng  practice,  Pasadena,  Cal .  1 894-1901 ,  city  engineer,  Pasadena, 
Cal.  1901-1903,  private  engineering  practice  and  with  United  States  Geological 
Survey.     Appointe<l  assistant  engineer  in  reclamation  service  May  5,  1903. 

Clausen,  Jaw^b  Centennial,  engineer.  Address  314  Fourth  street,  Loe  Angeltv. 
Cal.  B<»m  at  Blanco,  Cal.,  March  8,  1876.  .  Graduate  of  University  of  Calif(»mia, 
B.  8.  In  1898  was  with  city  engineer  of  Salinas  City,  Cal.  1899,  with  county  sur- 
veyor, Monterey  County,  Cal.  1899-1901,  surveying  for  De  Lamar  Mining  Company 
(Limited),  Idaho.  1901,  in  charge  of  transit  party  for  county  surveyor,  Montervy 
County,  Cal.  1901-2,  with  Spreckels  Sugar  Company,  surveying,  estimating,  aiwl 
locating  in  connection  with  Arroyo  Seco  canal,  reservoir,  and  dam,  impounding  watt^r? 
of  San  Lorenzo  Creek,  eU\ ;  also  in  connection  with  distribution  of  water,  making 
a)ntour  surveyn,  locating  lateral  ditches,  checks,  levees,  gates,  check  feeders,  etc., 
also  measuring  quantity  of  water  passing  through  gates.  1903,  with  United  States 
Geological  Survey  in  hydraulic  and  hydrographic  work.  May  6,  1903,  appointee! 
assistant  engineer  in  the  reclamation  service;  January  1,  1904,  promoted  to  engineer. 

CoRLETT,  Bertram  Edwin,  engineering  aid.  Address,  Reno,  Nev.  Bom  at  Cleve- 
land, Ohio,  March  18,  1879.  B.  S.,  University  of  California.  With  surveying  party 
from  Univernity  of  California  two  summers,  i)erforming  transit,  level,  stadia,  and 
plane-table  work.    June  1,  1903,  appointed  engineering  aid  in  reclamation  service. 

Covert,  Clermont  Calvert,  assistant  engineer.  Address,  Binghamton,  N.  Y. 
Born  at  Townsendville,  N.  Y.,  January  25,  1872.  C.  E.,  Ohio  Northern  University. 
In  1895  was  in  general  practice  at  Syracuse,  N.  Y.  In  1896,  with  city  engineer,  Syra- 
cuse, N.  Y.  1896-1898,  in  private  practice  at  Binghamton,  N.  Y.  1898-99,  with 
Unite^l  States  Volunteer  Engineers  in  Porto  Rico;  also  made  preliminary  son-ey  for 
Peiin  Yan,  I^ke  Kenka  and  Southern  Railroad.  1899-1900,  with  Choctaw,  Okla- 
homa and  Gulf  Railroad.  1900-1,  in  private  practice.  1901-2,  assistant  engineer  in 
charge  of  construction  work  Delaware,  Lackawanna  and  Western  Railroad.  1902-3, 
a*<8istant  hydrographer.  United  States  Geological  Survey.  June  1,  1903,  ap{K)inted 
assistant  engineer  in  the  reclamation  service. 

Cox,  Charles  Barrows,  engineering  aid.  Address,  106  Washington  street,  New; 
ton,  Mass.  Bom  in  Ma«<Hachusettfl  Novemlxjr  4, 1881.  University  education;  graiin- 
ate  of  Massachusetts  Institute  of  Technology,  degree  S.  B.,  1903.     In  1901,  with 
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Ilolbrook,  Cabot  &  Daly  on  New  York  City  subway,  general  office  work,  leveling,  etc. 
In  1902,  Summer  School  of  MaissachuHettd  Institute  of  Technology,  gaging  streams, 
plane-table  mapping,  etc.  June  30,  1903,  appointed  engineering  aid  in  the  reclama- 
tion service. 

Darton,  Nelsox  Horatio,  geologist.     Address,  Washington,  D.  C.     Born  in  New 
"Vork  City,  December  26,  1865.     Received  a  common  school  education.     In  1878 
entered  pharmaceutical  laboratory  of  William  W.  Thayer,  in  New  York  City.     In 
1882  opened  a  laboratory  as  analytical  chemist  in  New  York  and  gave  much  time  to 
research  work  on  methods  of  chemical  analyses,  the  results  of  which  were  published 
^yy  the  American  Chemical  Society,  of  which  he  was  elected  a  member,  in  1883. 
First  geological  studies  were  undertaken  in  New  Jersey,  near  New  York  City,  where 
observations  of  the  Newark  group  were  made,  which  finally  developed  into  a  detailed 
investigation.     In  1886  joined  the  United  States  Geological  Survey,  and  has  been  a 
member  of  the  Survey's  geological  corps  ever  since.     Mr.  Darton's  earlier  work  was 
mainly  in  New  Jersey,  New  York,  Maryland,  Virginia,  and  West  Virginia,  but  dur- 
ing later  years  most  of  his  attention  has  been  given  to  the  Black  Ililln,  central  Great 
Plains,  and  Big  Horn  Mountains.     In  the  spring  of  1903  was  placed  in  charge  of  the 
western  section  of  hydrology  of  the  hydrographic  branch  of  the  Survey  to  investigate 
the  geology  of  underground  waters  in  the  reclamation  States  and  Texas,  with  a  num- 
ber of  assistants.    The  Survey  has  published  many  reports  and  folios  by  Mr.  Darton, 
and  numerous  papers  of  his  have  appeared  in  scientific  journals  and  the  procreedings 
of  scientific  societies. 

Davies,  William  Gomer,  engineering  aid.  Address,  Los  Angeles,  Cal.  Educa- 
tion, Iowa  State  College  of  Agriculture  and  Mechanic  Arts;  Pomona  C/oUege,  Clare- 
niimt,  Cal.;  University  of  California,  degree  B.  S.  In  1901  was  with  Government 
irrigation  survey  on  Tule  River,  California.  In  1902  with  survey  party  on  Sierra 
Railroad  of  California  and  with  Government  drainage  survey,  Fresno,  Cal.  May  15, 
1903,  appointed  engineering  aid  in  re(;lamation  8er\ice. 

Davis,  Arthur  Powell,  supervising  ^gineer.  Address,  Washington,  D.  C.  Bom 
in  Illinois,  February  9,  1861.  Education,  Junction  City,  Kans.,  High  School;  grad- 
uate of  State  Normal  School,  Emporia,  Kans. ;  engineering  studie.",  Columbian  Uni- 
versity, Washington,  D.  C.  1884-1894,  topographer,  United  States  Geological  Survey, 
conducting  surveys  and  explorations  in  Arizona,  New  Mexico,  and  California.  1895- 
1897,  hydrographer  in  change  of  all  Government  stream  measurements.  1898-1900, 
hydrographer  in  (charge  of  hydrographic  examination  of  Nicaragua  and  Panama  canal 
routes.  Meml)er  American  Society  of  Civil  Engineers.  Author  of  Elevation  and 
Stadia  Tables,  1893;  Progressof  Stream  Measurements,  1897;  Irrigation  near  Phoenix, 
Ariz.,  1897:  Hydrography  of  Nicaragua,  1899;  Irrigation  Investigation  in  Arizona, 
1898;  Hydrography  of  the  American  Isthmus,  1902;  Water  Storage  on  Salt  River, 
Arizona,  1903;  also  articles  in  magazines  on  irrigation,  the  isthmian  canals,  and 
other  hydrographic  subjects.  Appointed  princijml  engineer,  reclamation  service, 
July  8,  1902,  and  supervising  engineer,  July  1,  1903. 

Davis,  Edmund  Ireland,  assistant  engineer.  Address,  Washington,  D.  C.  Bom 
in  Maine,  November  26,  1877.  Education,  four  years  at  University  of  Maine  and 
advanced  work  in  hydraulics  at  Cornell.  In  1900  was  with  United  States  Geological 
Surrey;  also  in  same  year  with  Boston  and  Albany  Railroad  on  preliminary  and 
location  surveys.  In  1901  with  United  States  Geological  Survey,  and  inspector  of 
surveys,  Sullivan,  Me.  In  1902  with  United  States  Cieological  Survey,  also  on 
plane-table  work,  etc.,  at  Rockland,  Me.,  and  Ithaca,  N.  Y.  May  11, 1903,  appointed 
engineering  aid  in  the  reclamation  service,  and  on  November  11,  1903,  promoted  to 
a^istant  engineer. 

Dillon,  Ralph  P.,  assistant  engineer.  Address,  Chamber  of  Commerce  Building, 
Denver,  Colo.    Bom,  Fremont,  Ohio,  December  14,  1872.     Education,  common  and 
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liigh  pchool,  graduate  of  Case  School  of  Applied  Science,  June,  18W,  degree  B.  S. 
In  1896  was  assistant  city  engineer  of  Alexandria,  Ind.  1896-97,  with  Youngstown 
(Ohio)  Bridge  Company.  T897-98,  with  Brown-Ketcham  Iron  Works,  Indianapolis, 
Ind.  1898-i)9,  with  Gillette-Herzog  Manufacturing  Company,  Minneapolis,  Minn. 
1899-1900,  with  C  L.  Strol)el,  consulting  and  contracting  engineer,  Chicago,  111. 
1900-1902,  with  Keystone  Bridge  Works,  Pittsburg.  1902-3,  with  United  States 
Geological  Survey,  on  Colorado  River.  May  28,  1903,  appointed  engineering  aid  id 
the  reclamation  service.     July  1,  1903,  promotwl  to  assistant  engineer. 

DoBsoN,  Frank  S.,  engineering  aid.  Address,  Roswel I,  N.  Mex.  Education,  three 
years  high  school  and  preparatory  school,  three  and  one-half  years  in  University  of 
Nebraska,  C.  E.  course.  1896-1899,  employed,  while  attending  school,  as  chainman, 
rod  man,  and  instrument  man  by  city  engineer,  Lincoln,  Nebr.  In  1900,  ax  man 
and  chainman,  Burlington  and  Missouri  River  Railroad,  in  Wyoming,  September, 
1900,  to  June,  1901,  instrument  man  in  surveying  city  lots,  setting  sewer  and  street 
grades,  Lincoln,  Nebr.  June-October,  1901,  assistant  division  engineer,  Burlington 
and  Missouri  River  Railroad,  Etlgemont,  S.  Dak.  From  October,  1901,  to  June,  1902, 
on  river  measurements  in  Nebraska  for  United  States  Geological  Survey.  Jivh"^ 
Septeml)er,  1902,  instrument  man  in  Bridgeport,  Nebr.  September,  1902,  general 
engineering  work  in  Fairbury  and  York,  Nebr.  During  fall  season  of  1902,  on  river 
measurements  for  United  States  Geological  Survey.  April-May,  1903,  instrument 
man  on  railroad  location  work,  Burlington  and  Missouri  River  Railroad.  May  25, 
1903,  appointed  engineering  aid  in  the  reclamation  service,  and  has  since  Ixjen  in 
charge  of  field  parties  in  New  Mexico. 

Dole,  Richard  Bryant,  engineering  aid.  Address,  263  Dearborn  street,  Chicago, 
111.  Bom,  Portland,  Me.,  May  8,  1880.  Gra^luate  of  Portland  (Me.)  High  SchfN>l, 
classical  course,  1898;  graduated  Bowdoin  College,  1902.  In  1902  was  electe-i 
instructor  in  chemistry  in  Bowdoin  College;  resigned  in  February,  1903,  to  take 
post-graduate  course  at  Massachusetts  Institute  of  Technology,  specializing  in  sani- 
tary chemistry  and  bacteriology.  In  1902,  worked  on  water  analysis  and  study  of 
Androscoggin  River  for  United  States  Geological  Survey.  June  15,  1903,  ap{>ointed 
engineering  aid  in  reclamation  service. 

Downey,  Austin  C,  engineering  aid.  Address,  Fort  Collins,  Colo.  Born  in  Illi- 
nois, November  8, 1881.  Education,  Fort  Collins,  Colo.,  public  schools  and  Colorado 
Agricultural  College;  course  in  civil  and  irrigation  engineering.  During  i"t>llege 
course  was  employed  by  Colorado  pjxperiment  Station  on  seep^age  measurements  and 
as  draftsman.  In  1902  was  on  maintenance  of  way  work  on  Oregon  Short  Line 
Railroad.  In  1908,  in  Colorado  State  engineer's  office  and  afterwards  as  draftsman 
for  Arkansas  Valley  Sugar  Beet  and  Irrigated  Ijand  Company.  June  28,  1903, 
appointed  engineering  aid  in  the  reclamation  service. 

DuRYEE,  Edward,  cement  expert.  Address,  Globe,  Ariz.  Bom  in  New  York 
State  in  1858.  Graduated  from  engineering  dejmrtment,  Rutgers  Collc^,  1878, 
degrees  B.  S.  and  C.  E.  Spent  one  season  with  New  Jersey  geodetic  survey.  In 
1879,  engaged  in  exi)erimental  investigations  and  in  i)erfecting  the  rotary  kiln  for 
metallnrgiciU  uses,  with  G.  Duryee.  1880-1892,  assayer  and  metallurgist  with  smelt- 
ing c()ni]>anie8  in  New  Mexico,  Colorado,  and  California.  Instructor  in  New  York 
schools  one  setison.  1 892-1894,  superintending  cliemist,  Monteziuna  Portland  Cement 
Company.  1894-1903,  cliemist  California  Portland  Cement  Company.  Occasional 
engagements  as  cement  expert  in  investigating  deposits  of  cement  materials.  With 
reclamation  service,  as  cement  expert,  since  April,  1903. 

Ela,  Edwin  Stanton,  assistant  engineer.  Address,  Washington,  D.  C.  Bom  in 
Wisconsin,  December  30,  1871.  Fxlucation,  ("ommon  school,  and  four  years  in  acad- 
emy. Graduate  of  University  of  Wisconsin,  B.  S.  in  C.  E.  1896-1898,  with  Uniteil 
States  Mississippi  River  (\)mmisHion  on  toi)ographic  and  precise-level  work.  April- 
June,  1898,  with  United  States  Engineers,  New  Orleans,  La.     1898-1899,  with  United 
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i-^t«te.M  (leological  Sur\'ey  in  Kan8«u4,  Iowa,  Missouri,  and  Illinois,  as  fiel<l  assistant, 
?^kt»t<'hing  topography.  1900-1901,  with  Chicago  and  North  wt^tern  Railway  Comi>any 
ill  Iowa,  as  instrument  man  and  in  charge  of  work  on  etM*ond-tnu;k  construction. 
11)01-1903,  with  Unitetl  States  Geological  Sur\'ey  in  Pennsylvania,  Maryland,  West 
Virjfinia,  and  Geoi^ia,  as  topographer,  doing  stadia  traverse,  and  sketching  topogra- 
pliy.  March  7,  1901,  appointed  assistant  topographer  in  United  States  Geological 
Survey,  and  on  July  1,  1903,  transferred  to  the  reclamation  service. 

Kv  ANs,  Henry  Rosenoarten,  assistant  engineer.  Address,  Phoenix,  Ariz.  Bom  in 
PennsyhTUiia,  August  3,  1878.  Education,  common  school,  high  school,  and  college. 
In  1899  was  elected  county  surveyor  of  Jefferson  County,  Colo.  In  1900  wjjs  sur- 
veyor-general of  Colorado;  afterwards  engineer  for  Gross  Placer  Company  in  Dutch 
<f  uUina.  In  1902  was  instructor  in  mining  engineering  at  Nevada  State  University. 
April  10,  1903,  appointed  engineering  aid  in  the  reclamation  service,  and  on  October 
10,  1903,  promoted  to  assistant  engineer. 

KwiNG,  WiLLiARD  Rea,  engineering  aid.  Address,  1142  South  Ridgeway  avenue, 
Chicago,  III.  Bom  in  Ohio,  Febmary  10,  1882.  Educatt»d  at  Lawndale  Grammar 
School,  Chicago,  English  High  and  Manual  Training  School,  and  Purdue  University, 
degree  B.  S.  in  C.  E.  In  1901  was  draftsman  for  American  Car  and  Foundry  Com- 
l>any,  Chicago.  In  1902,  rodinan  for  Chicago  and  Northwestem  Railway  Company; 
also,  same  year,  chainman  on  location  of  I^ke  Bluff  cut-off,  Chicago  and  North- 
western Railway.  June  25,  1903,  appointed  engineering  aid  in  the  reclamation 
service. 

Parish,  William  Adams,  assistant  engineer.  Address,  Phoenix,  Ariz.  Born  San 
Frand8<'o,  Cal.,  October  22, 1870.  In  1889  was  with  hydrographic  division  of  United 
States  Geological  Sun^ey  and  afterwards  transferred  to  toiK)graphy.  In  1891  sur- 
veyed reservoir  sites  for  Rio  Verde  Canal  Company.  In  1893  surveyed  Tonto  reser- 
voir site.  Salt  River,  Arizona.  From  1894  to  1903  was  manager  and  engineer  of 
Arizona  Waterworks  and  Sewerage  Company,  of  Phoenix,  Ariz.  In  1890  planned 
and  built  a  sewer  and  water  system  for  United  States  Indian  school  near  Phoenix, 
Ariz.  1899-1903,  city  engineer  of  Phoenix,  Ariz.  June,  1898,  to  December,  1900,  in 
charge  of  United  States  Geological  Survey  gaging  station  on  Salt  and  Venle  rivers. 
June  1,  1903,  appointed  assistant  engineer  in  reclamation  service. 

Fellows,  Abraham  Lincoln,  engineer.  Address,  Chamber  of  Commerce  building, 
Denver,  (^olo.  Bom  in  Kennebunk,  Me.,  Noveml>er  1,  1864.  Received  degree  of 
B.  A.  at  Yale,  1886.  Commenced  work  in  irrigation  lines  September,  1887,  continu- 
ing for  eight  years  for  the  Montezuma  Valley  irrigation  companies,  and  being  for 
several  years  of  this  period  superintendent  of  schools  and  county  surveyor  of 
Montezuma  County,  Colo.  Was  for  five  years  deputy  State  engineer  of  Colorado. 
Prior  to  appointment  as  engineer  in  the  reclamation  service,  on  January  1,  1903,  was 
employed  at  various  times  by  the  United  States  Geological  Survey  as  hydrographer 
and  topographer.  Author  of  several  papers  and  articles  on  hydrography,  irrigation 
survey,  and  irrigation  practice. 

Field,  John  Ellis,  engineer.  Address,  Chaml)er  of  Comment  building,  Denver, 
Colo.  Bom  in  Colorado,  May  13,  1867.  Ph.  B.,  Yale  University,  class  of  1888, 
scientific.  From  1888  to  1893  was  engage<l  in  i)ractice  of  mining,  civil,  and  hydraulic 
engineering  in  mining  camps  of  Colorado.  1888-89,  assayer  and  chemist  for  Aspen 
Public  Ore  Sampling  Works,  Denver.  1890-91  in  similar  capacity  with  Taylor  & 
Brenton  Sampling  Works.  1891-1893,  civil  and  hydraulic  engineering  practice. 
1893-1897,  chief  examiner  of  mineral  surveys  for  United  States  surveyor-general  of 
Colorado.  1897-1899,  State  hydraulic  engineer  of  Colorado.  1899-1901,  a-ssistant 
engineer  board  of  public  works,  Denver,  Colo.  1901-1903,  deputy  State  hydraulic 
engineer  of  Colorado.  Author  of  various  bulletins  published  by  Ignited  States 
Department  of  Agriculture.  Appointed  engineer  in  the  reclamation  service,  January, 
1903. 
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FiSHBK,  Chehter  Centkxxial,  engineering  aid.  Address,  Boise,  Idaho,  care  of  P. 
W.  Rops.  Born  in  Oregon,  July  4,  1876.  E<iucation,  high  schools  and  Univerat y 
of  Oregon,  degree  B.  S.  in  C.  E.  From  June  10  to  August  19,  1902,  was  in  eharpt- 1«: 
party  cruising  timber  in  the  coast  fir  r^ons.  On  June  11,  1903,  was  appoint^*: 
engineering  aid  in  the  reclamation  service,  since  which  date  has  been  employed  in 
transit,  level,  and  plane-table  work. 

Fisher,  Howell  Tracy,  assistant  engineer.  Address,  20  West  Thirty- fonrth  stret't. 
New  York  City.  Born  December  10,  1868.  Graduate  Pottsville,  Pa.,  High  S<-h»»L 
From  1885  to  1886,  with  real  estate  company,  compiling  land  maps.  1886-1 888,  with 
State  geological  survey  of  Pennsylvania  anthracite  survey.  1888-89,  with  Susque- 
hanna Coal  Company  and  Pennsylvania  Railroad  Coal  Company.  1889-1891,  with 
A.  B.  Cochran  &  Son  in  civil  and  mining  engineering  and  city  surveying.  1891-lSKi 
assistant  to  A.  D.  W.  Smith,  geologist  and  mining  engineer,  preparing  Anthracitr 
Coal  Waste  Commission's  report,  and  State  geological  survey  of  PennsyU'ania,  apa>1- 
ingin  construction  of  geological  map  of  the  State.  1893-1898,  with  A.  B.  Cochran 
&  Son,  as  general  assistant.  1898-1900,  with  Uniteii  States  Board  of  Engineer?  <»n 
Deep  Waterways.  1900-1901  with  Isthmian  Canal  Commission.  1902,  with  Di*n\er 
Union  Water  Company,  engaged  in  estimating  capacity  of  Lake  Cheesnian  ^e^e^^'oi^ 
and  making  plans  of  spillway  for  Lake  Cheeaman  dam  and  reservoir  surveys.  Jan- 
uary 1,  1903,  appointed  assistant  engineer  in  the  reclamation  service. 

Fitch,  Charles  Hall,  engineer.  Address,  Washington,  D.  C.  Born  in  Wisct>n- 
sin,  September  12, 1854.  Pklucation,  preparatory  school,  Woodside,  College  Station, 
Md.,  and  Georgetown  Academy,  D.  C.  1872-1876,  aid.  United  States  Coast  Survey, 
and  at  the  same  time  completed  course  under  private  instructors.  1876-1884,  Uniieii 
States  deputy  surveyor  on  public  land  surveys  in  New  Mexico,  also  deputy  minenl 
surveyor  and  draftsman,  surveyor-general's  oflSce,  Santa  Fe,  N.  Mex.  In  18S4, 
appointed  topographer,  United  States  CJeological  Survey.  1884-1888,  on  topographic 
surveys  in  Texas;  1889,  on  similar  surveys  in  Colorado.  In  1890,  in  California  mak- 
ing investigations  of  alleged  fraudulent  surveys,  under  direction  of  CommissioDer  of 
General  I^nd  Office.  In  1891-92,  on  topographic  surveys  in  Black  Hills,  South 
Dakota.  1893-1895,  in  General  Land  Office,  Washington,  D.  C,  as  assistant  chief  of 
surveying  division.  In  1895,  reap}>ointed  topographer,  Ofeological  Sur>'ey,  and 
designated  to  take  charge  of  topographic  and  public  land  surveys  of  Indian  Terri- 
tory; completed  field  work  in  1898,  and  office  work  in  1899.  In  1899-1900,  engagv«i 
in  examination  of  forest  reserves  in  California  In  1900  was  transferred  to  di\i2:ion 
of  hydrograi)hy,  Geological  Survey,  and  assigned  to  hydrographic  investigations  in 
Northwestern  States  during  1900-1901.  In  1902,  appointed  engineer  in  the  reclama- 
tion service. 

Forbes,  Burt  E.  ,  assistant  engineer.  Address,  Beatrice,  Nebr.  Born  in  Michigan, 
August  6,  1872.  Graduate  of  University  of  Nebnwka,  1895,  liberal  arts  cour^*. 
1889-90,  rodman  and  chainman,  Beatrice,  Nebr.  1896-97,  teacher,  Beatrice  High 
School.  1897-98,  levelman  on  placer  mining  work  in  Boulder  County,  Colo.  18P9, 
engineer  in  charge  of  same  work.  1899-1901,  assistant  engineer  on  railroad  om- 
struction  and  tra<;k  laying.  1901-2,  assistant  secretary  of  State  board  of  irrigation 
of  Nebraska,  on  steam  gaging  and  adjudication  of  water  rights.  November  1,  19(>J, 
appointed  assistimt  engineer  in  reclamation  service.  1902-3,  on  plane-table  work  in 
Neva<la.  1903,  transitman  on  final  location  and  division  engineer  on  construction  of 
main  canal,  Trnckee  project,  Nevada. 

French,  James  Adams,  assistant  engintn^r.  Address,  Washington,  D.  C.  Bom. 
Washington,  D.  C,  January  27,  1866.  Educaticm,  common  school,  and  Georgetown 
University,  Washington,  D.  C.  In  1883  was  with  Uniteil  States  Coast  and  Geodetic 
Survey  on  Long  Island  Sound.  Remained  in  Coast -Survey  service  until  1886.  Then 
entered  em])loy  of  Greely,  Carlson  <&  Co.,  civil  engineers,  Chicago.  1886,  drafts- 
man, Chicago,  Burlington  and  Quincy  Railroad  Company.     1886-^7,  instrument 
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man,    maintenance   of   way  department,   Tnion    Paeific  Railroad,    Denver,  Colo. 
1888,  with  city  engineer  of  Santa  Barbara,  (^al.     In  fall  of  same  year  with  United 
States  Coast  and  (leodetic  Survey  in  San  Francisco.     1889-1891,  in  Alaska  with  party 
to  determine  crossing  of  one  hundred  and  forty-firHt  meridian,  on  Yukon  and  Porcu- 
pine rivers,  also  topographic  surveys.     1891,  Stockton,  (?al.,  with  city  engineer. 
1892,  North  Yakima,  Wash.,  topographic  work  for  Sunnyside  Canal.     1892-93,  with 
Colorailo  Irrigation  Company,   Yuma,  Ariz.      1893,  insj)ector  in  engineer  depart- 
ment, Washington,  D.  C.     1900,  Cajx*  Nome,  Alaska,  in  charge  of  etjuipment  of 
party.     1893-1903,  employed  chiefly  on  construction  work  of  sewers,  and  founda- 
tionB  for  sewerage  pumping  stations,  in  engineer  department  of  District  of  Colum- 
bia.    January  5,  1903,  appointed  assistant  engineer  in  reclamation  service. 

Fuller,  Myron  Leslik,  assistant  geologist.     Address,  Washington,  D.  C.     Born 
at  Brockton,  Majss.,  April  19,  1873.     Graduate  of  Massachusetts  Institute  of  Tech- 
nology, geological  department;   degree,   S.   B.     In  1896  Mas  engaged   in  geologic 
-work  on  Cape  Cod,  a  report  on  which  received  the  Walker  prize  of  the  Boston 
Societv  of  Natural  Historv  for  1897.     From  1897  to  1900  was  assistant  and  instructor 
at  the  college  named,  and  in  1899  also  acte<l  as  special  agent  for  the  commission  to 
the  Paris  Exposition,  preparing  an  exhibit  of  building  and  ornamental  stones,  which 
was  awarded  a  gold  medal.     In  June,  1900,  joined  the  I'nited  States  iieological  Sur- 
vey, since  his  connection  with  which   has  been  engaged  on  geologic  surveys  in 
New  York,  Pennsylvania,  Indiana,  and  Illinois,  and  has  prepared  and  published 
several  folios  and  a  number  of  papers  on  oil  and  gas.     January  1,  1903,  was  trans- 
ferred to  the  hydrographic  branch,  where  he  organized  the  eastern  section  of  the 
division  of  hydrology,  under  which  work  was  begun  in  about  twentj'  States. 

Gay,  Leon  Lincoln,  engineering  aid.  Address,  Phoenix,  Ariz.  Born,  Barton 
Landing,  Vt,  May  29,  1879.  Graduate  of  Sheffield  Scientific  School  of  Yale,  1901, 
Bachelor  of  Philosophy.  1901-1903,  with  Boise-Payette  River  P^lectric  Power  Com- 
pany, Boise,  Idaho,  as  assistant  engineer.  Construction  of  canal  and  power  plant 
began  in  January,  1902,  and  from  this  time  until  its  completion  in  February,  1903, 
was  engineer  in  charge.  May  13,  1903,  appointed  engineering  aid  in  the  reclamation 
service. 

Gilbert,  Archibald  Marvine,  engineering  aid.  Address,  Washington,  D.  C. 
Bom  in  Washington,  I).  C,  December  6, 1876.  Education,  common  school,  gram- 
mar school,  and  Cornell  University.  Durine  the  summers  of  1900  and  1902  was  with 
Tniteil  States  Geological  Sur\'ey  on  stream  measurement  work,  plane-table  work, 
etc.    June  19,  1903,  appointed  engineering  aid  in  the  reclamation  service. 

Giles,  James  Marvin,  assistant  engineer.  Address;  Temple  Court,,  Atlanta,  Ga. 
Bom,  Rock  Hill,  S.  C,  September  21,  1875.  Educration,  two  years  Wofford  College, 
also  common  school.  Course  in  electric  lighting  and  railway  work.  For  four  years 
assistant  engineer  Tallassee  Falls  Manufacturing  Company,  Talla^see,  Ala.  May  1, 
1903,  appointed  engineering  aid  in  the  reclamation  service;  January  1,  1904,  pro- 
moted to  assistant  engineer. 

Gordon,  Charles  Edward,  assistant  engineer.  Address,  Lawton,  Okla.  Bom  at 
Mamaroneck,  N.  Y. ,  January  20, 1874.  (4raduated  Glens  Falls  Academy,  1892.  Grad- 
uated in  civil  engineering  from  Union  University,  1896.  November,  1892-De(«mber, 
1895,  draftsman  for  irregular  intervals,  S(!hene<'tady  Locomotive  Works.  December, 
1895-September,  1896^,  acting  leveler,  New  York  State  canals;  surveys  and  estimates. 
September,  1896-June,  1897,  topographer  and  assistant  engineer,  making  maps  and 
building  roads  in  Adirondack  Mountains  for  W.  Seward  Webb.  Noveml)er,  1897- 
June,  1898, with  New  Yoj:k  State  Forest  Preserve  Board  as  assistant  engineer  Indian 
I^ke  reservoir.  July,  1898-July,  1899,  with  United  States  Deep  Waterway  Commis- 
sion, water  supply  division,  in  charge  of  stadia  topographical  party  and  in  charge  of 
borings.  July,  1899-Deceml)er,  1899,  assistant  engineer  on  constraction,  Chicago  and 
Northwestern  Railway.     December,    1899-December,   1900,  topographer,  Choctaw, 
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Oklahoma  and  Gulf  Railroad.     DecenilK^r,   1900-Aiigiisit,  1901,  resident    engini'^T  t 
chaiye  i-onst ruction,  name  niilmad.     Auf?u*»t,  l*.K)l-Mari-h,  1902,  ret»itleiit  eiijiinftT.  l 
char^'i'  conHtrui'tion,  (Mioftaw,  Okialionia  and  Texas  Railway.     Marx'h,  lS*(»2-I>f*fi 
Ikt,  liH)2,  resident  engineer,  in  charge  of  construction,  Rock  Island  Syt-toin.      I>ec*L* 
l)er,  1902-June,  1903,  resident  engineer,  in  chai);e  of  construction,  Mij^^ouri^  Kai-^ 
and  Texaij  Railway.     June  1,  1903,  appointed  aenistant  en^neer  in  the   recrlaiiuiri  : 
service. 

(iuAXKE,  Leo  Ernest,  assistant  engineer.  Address,  Washington,  D.  C.  Bc»m  in 
Wisconsin,  October  2,  1877.  Graduate  of  La  Crosse  (Wis.),  high  school;  Wisfin-ii 
Business  College;  University  of  Wisconsin,  B.  C  E.,  1900.  1898-1900,  rodiiiaii,  l»*vr-;- 
nian,  and  field  a><sistant,  United  States  Geological  Sur\'ey.  In  1900  was  with  i.'hi^'a.;^' 
and  Alton  Railroad.  1901-2,  assistant  engineer,  Chicago  and  Alton  Railroad.  1902-  >. 
assistant  topographer,  United  States  Geological  Survey.  September  1 ,  1903,  appi»inT«-'l 
a&^istant  engineer  in  the  reclamation  service. 

Green,  Htbert  Edward,  engineer.     Address,  San  Francisco,  Cal.     Bom   in  Ei.s:- 
land,  AugiL«t  17,  1859.     E<lucation,  Auckland,  -New  Zealand,  college  an<i  ^ramiiLir 
school.     Partial  course  in  electrical  engineering  with  International  Gorres-fiond*  i.«-^ 
School.     Menilx?r  American  Society  of  Civil  Engineers.     From  1874  to  1S.S4  wxi*--  w  in 
public  works  department,  New  ZeiUand  Government.     1884-1886,  coii.*<tniction  eiijri- 
neer  Sierra  Valley  and  Mohawk  Railway.     1886-1888,  in  city  engineer's  offic-je^  >jj: 
Diego,  Cal.     1888-18iK),  with  International  Company  of  Mexico;  also  made  rtx^nj- 
naissance  survey  for  railroad.     May-December,  1890,  in  chal^  of  construrtion  ««i 
railroad  trestle  across  Elliott  Bay  in  Puget  Sound;  also  designed  and  put  in  j^illij^>- 
fouiulations  and  superintended  erection  of  swing  bridge  across  White  River.      1S^«], 
in  charge  of  location  in  the  field,  ciinal  survey,  Northern  Pacific  Railromi.     1S91— isi-"-*, 
IcKuiting  and  construction  engineer  for  Texas,  Louisiana  and  Eastern  Railroad;  ai>", 
in  1893,  in  charge  of  levels  for  Colorado  River  Irrigation  Company.     1893-94,  ci»n- 
sulting  engineer  in  San  Diego  City  and  County.     1894-1896,  chief  engineer  Coronadi* 
Beach  Company;   surveys  of  reservoirs  for  San  Diego  water  supply;   afterw&nl^ 
superintended  laying  of  foundation  of  Morena  Dam.     1897,  examined  and  report  on 
placer  mine  in  Cariboo,  British  Columbia.     1897-98,  general  practice  in  San  Fran- 
cisco.    1899,  in  charge  of  construction  and  draftsman  in  office  Los  Angeles^  ehK-trii- 
railroads.     1900-1902,  field  assistant.  United  States  Geological  Survey.     1902-.%  :n 
charge  of  surveys,  etc.,  for  Seaside  Water  Company,  Long  Beach,  Cal.;  also  ssuUIi- 
vi(lin<r  tract  of  land  for  Beach  Land  Company,  of  Los  Angeles,  C^al. :  made  plans  and 
estimates  for  water  and  sewer  systems  and  improvements  for  seaside  resort  at  l*Iaya 
del  Rcy.     May  4,  1903,  apj)ointed  engineer  in  the  reclamation  service. 

(Jkoveh,  Nathan  Clifford,  engineer.  Address,  Orono,  Me.  Born,  Bethel,  Me., 
January  .'U ,  ISOS.  Education,  University  of  Maine,  B.  C.  E.  and  C.  E. ;  MaasacliUM'it<! 
Institute  of  Teclnujlojry,  B.  S.  1889,  loc4iti(m  and  construction,  Somerset  Railway. 
1890,  location  and  construction  of  extension,  Maine  Central  Railroad.  1H91-I8i4. 
assistant  in  civil  enjrineering.  Maine  St&te  Colk»ge.  1894,  water-jwwer  department. 
Ruuiford  Falls,  Me.  1895,  leveler  on  con.structi(m,  Sebat^ticook  and  Moosehead  Rail- 
roa<l.  IS94-1.S9(>,  assistant  professor  of  civil  enginwring.  University  of  Maine,  and 
a.'^sociatc  ]»rofi*ssor  from  189()-97.  Professor  of  civil  engineering,  University  of  Maine, 
1897-1903.  1901-1903,  n'sident  liydrographer,  United  States  GtHjlogical  Sunvy. 
April  29,  1903,  apiM)inte(l  liydrographer  in  the  reclamation  service.  July  1,  19^W, 
dcsi«:nation  chaii^Hl  to  engineer. 

H  ALi,,  Bkn.iamin  Moktimkh,  consulting  engineer.  Address,  Temple  Court,  Atlanta, 
Ga.  Born  in  South  Carolina,  January  31,  1853.  P>lucatio;i,  Emory  C4>llt^%  Ox foni, 
(ia.,  and  University  of  (Georgia;  B.  E.  and  C.  E.  and  M.  E.  1876-1880,  pn)ft*f»»r  of 
mathematics,  Northern  (ieorgia  Agricultural  College,  Dahlonega,  Ga.  1880-1884, 
chief  engineer  in  water-supply  investigations,  surveys,  and  (xmstruction  of  mining 
canals,  fiumes,  tunnels,  etc.,  for  hydraulic  mining.      1884-1887,  suiH'rintendent  of 
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<^ol<i  Mines  Hydraulic  Mining,  Lincoln  Connty,  Ga.,  and  underground  mining  in 
XVarren  County.  1887-1890,  sui)erintendent  Southern  Marble  Conii>any,  Marble 
Hilly  Ga.  1890-1903,  in  general  civil  an<l  hydraulic  engineering  practice,  Atlanta,  Ga. 
1.895—1903,  resident  hydrographer,  Uniled  States  Geological  Survey.  Has  made 
^-ater-supply  investigations  for  Atlanta,  Ck)lumbu8,  Dublin,  and  Elberton,  (ia.  1903, 
^."onsiilting  engineer,  United  States  Geological  Survey.  Author  of  "Water  Powers  of 
Oeorgia,  1896;*'  **  Water  Powers  of  Alabama,  1903;"  in  preparation  **  Water  Powers  of 
Oeorgia,  1903." 

H  ALL,  M  AXCY  Rbddick,  hydn)grapher.  Address,  Temple  Court,  Atlanta,  Ga.  Bom, 
Oeiirgia,  November  16, 1864.  Education,  common  school  and  University  of  Geoi^ia. 
1895-1903,  assistant  resident  hydi-ogapher,  United  States  Geological  Sur\'ey.  In  1900 
made  water-power  surveys  on  Saluda  River,  near  Newberry,  S.  C,  and  Broad  River, 
at  Anthony  Shoals,  Ga.;  1901,  on  Chattahoochee  River,  near  Buford,  Ga.,  and  on 
Yellow  River,  near  Conyers,  Ga.;  1902,  on  Hiawassee  River,  near  Murphy,  N.  C. 
1889-1903,  general  civil  and  hydraulic  engineering,  Atlanta,  Ga.  January  1,  1903, 
appH>mted  hydrographer  in  the  reclamation  service. 

Hall,  Warren  Esterly,  engineering  aid.     Address,  Temple  Court,  Atlanta,  Ga. 
Bom  in  Georgia,  October  5,  1881.     Education,  Georgia  School  of  Technology,  C.  E. 
cx>urse.     1899,  hydrographer.  United  States  Geological  Sun'ey;  also  ran  levels  for 
preliminary  survey  of  Gaines\nlle  railroad;  also  surveying  for  Consolidate<l  Mining 
Company,  Dahlonega,  Ga.     1899-1900,  levelman  on  navigation  survey  in  Chatta- 
hoochee Corps  of  United  States  Engineers.     1900,  assistant  hydrographer  in  Api>a- 
laehian  Park  investigation.     1901-2,  assistant  engineer  on  water-i)ower  survey  for 
Chattahoochee  Falls  Company,  Columbus,  Ga. ;  aL««o  assistant  engineer  on  ( Jamer  water- 
lK>wer  survey,  on  upper  Chattahoochee  River.     1902-3,  assistant  hydrographer  for 
Unite<l  States  Geological  Survey.     1903,  (m  hydrographic  and  to|M>graj)hic  surveys 
for  Hall  Brothers,  Atlanta,  Ga.    January  6,  1903,  appointe<i  engineering  aid  in  the 
reclamation  service. 

Hamlin,  Homer,  engineer.  Address,  Los  Angeles,  Cal.  Born  at  Pine  Island,  Minn., 
August  27,  1864.  Education,  common  school  and  high  school,  and  independent 
study.  1887-1893,  was  with  city  engineer,  San  Diego,  Cal.  1893-1895,  general  engi- 
neering and  surveying  business  at  San  Diego,  Cal.  In  1894  was  assistant  to  United 
States  engineers  in  survey  for  fortifications  on  Point  Loma  and  Coronado  Beach. 
189o,  draftsman,  Los  Angeles,  Cal.;  also  in  surveyor's  office,  of  Los  Angeles  County. 
1895-96,  in  office  of  city  engineer,  Los  Angeles,  Cal.  1897-98,  in  oflice  of  county  sur- 
veyor of  Los  Angeles  County.     1899-1900,  deputy  city  engineer,  Los  Angeles,  Cal.^ 

1901,  hydrographic  and  geologic  investigations  for  United  States  Geological  Survey. 

1902,  hydrographic  and  hydrologic  investigations  for  United  States  Geological  Survey. 
January  1,  1903,  appointed  engineer  in  the  reclamation  service. 

Haxna,  Frank  Willard,  assistant  engineer.  Address,  263  Dearborn  street, 
Chicago,  III.*  Born  in  Geneseo,  111.,  September  16,  1867.  Education,  Western  Nor- 
mal Collie,  Shenandoah,  Iowa,  and  Highland  Park  College,  Des  Moines,  Iowa. 
1894-95,  was  assistant  in  departments  of  mathematics  and  civil  engineering  in  High- 
lan<l  Park  College,  and  in  1895  I)ecame  dean  of  departments  named,  continuing  as 
such  until  1903.  In  1900,  commissioned  by  governor  of  Iowa  to  investigate  foreign 
schools  and  traveled  through  Europe  studying  engineering  structures.  Is  author  of 
pamphlet  "Logical  methods  in  arithmetic,"  and  inventor  of  an  "angle  multisector." 
June  1,  1903,  appointed  assistant  engineer  in  the  reclamation  service. 

Hansen,  Andrew  C,  engineering  aid.  Address,  Los  Angeles,  Cal.  Born,  Den- 
mark, February  18,  1880.  Education,  University  of  California.  In  1902  was  chain- 
man,  rodman,  and  computer  for  N.  B.  Kellogg,  San  Francisco,  in  locating  power 
plant  on  Feather  River,  aLso  ran  compass  and  took  slopes.  May  15,  1903,  appointed 
engineering  aid  in  the  reclamation  service. 
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Hardbsty,  William  Preston,  assistant  engineer.  Address  P.  O.  l)ox  **S,"  Salt 
Lake  City,  Utah.  Born  in  Missouri  April  5, 1865.  l^xlucation,  college  and  univeivity. 
University  of  Missouri,  C.  E.  1887-88,  with  Interstate  Consolidated  Rapid  Transit 
Railway  Company,  Kansas  City,  Mo.  1888,  with  Denver  Tramway  Company,  Den- 
ver, Colo.  1889,  with  Denver  City  Railway  Company.  1890,  with  Denver  and  Rio 
Grande  Railway,  assistant  engineer  on  construction,  Colorado  canal.  1891,  assis«t4Lnt 
engineer  for  T.  C.  Henry  Canal  Companies,  San  Luis  Valley,  Colo.  1892,  assistant 
engineer  for  Lemhi  Placer  Gold  Mining  Company,  Idaho.  1893-1903,  private  engri- 
neering  practice.  Salt  Lake  City,  Utah.  June  5, 1903,  appointed  assistant  engineer  in 
the  reclamation  service. 

Harlby,  George  Footer,  engineering  aid.  Address,  Sparta,  (la.  Born  in  Georgia 
January  6,  1875.  Education,  high  school,  university,  and  scientific  school.  In  18H8 
was  employed  on  preliminary  railroad  Bur\'ey  in  Georgia,  and  in  same  year  received 
civil  service  appointment  in  Department  of  Agriculture  in  East  St.  Louies  III.;  in 
1900  transferred  to  Department  of  Interior  at  Washington,  D.  C.  July  1,  1903, 
appointed  engineering  aid  in  the  reclamation  service  and  assigned  to  work  in  State 
of  Washington. 

Harris,  Archie   Lee,  assistant  engineer.     Address,  Livingstone,  Ariz.     Bom  in 
Orange,  Mass.,  February  17,  1872.     Education,   University  of  Michigan,  B.  S.  in 

C.  E.  1894-95,  teaching  school.  1898-1900,  rodman  and  draftsman  on  United  States 
deep  waterways  survey  along  Hudson  River,  and  in  office  at  Detroit,  Mich.  190Q- 
1901,  draftsman  and  computer  on  New  York  State  Barge  Canal  survey,  Albany, 
N.  Y.     1901,  draftsman  for  United  States  Isthmian  Canal  Commission,  Washington, 

D.  C.  1901-2,  draftsman  for  Russell  Wheel  and  Foundry  Company,  Detroit,  Mich., 
and  Hamilton  Bridge  Works  Company,  Hamilton,  Ontario.  1902-3,  draftsman  for 
Pennsylvania,  New^  York  and  Long  Island  Railroad  Company,  New  York.     May  19, 

1903,  appointed  assistant  engineer  in  the  reclamation  service. 

Hawley,  Ralph  Stevenson,  assistant  engineer.  Address,  Los  Angeles,  Cal.  Bom 
in  California,  January  11, 1877.  Education,  high  school  and  University  of  California, 
electrical  and  civil  engineering  courses,  B.  S.  in  C.  E.  In  1902,  in  city  engineer's  office, 
Oakland,  Cal. ,  and  with  Spreckels  Sugar  Company.  In  1903,  assistant  in  University  of 
California  Summer  School  of  Civil  Engineering,  at  Monterey,  Cal.  During  1902-3 
was  twice  chosen  president  of  civil  engineering  association  of  University  of  California. 
August  7,  1903,  appointed  engineering  aid  in  the  reclamation  service;  January  1, 

1904,  promoted  to  assistant  engineer. 

Hawley,  Robinson  Wilber,  assistant  engineer.  Born  in  New  York,  Septemb^ 
28,  1876.  Graduate  of  Colorado  Agricultural  College  in  irrigation  engineerin};. 
1896-97,  assistant  engineer,  irrigation  surveys  on  the  Rio  Puerco  and  canal  superin- 
tendent in  Idaho.  1898,  assistant  engineer  on  survey  for  canal  in  Rio  Grande 
Valley.  1899-1900,  designing  irrigation  structures  and  drafting  and  on  stream  meas- 
urements for  State  in  Colomdo.  1901,  topographic  surveys  for  lateral  systemus. 
1901-2,  with  Oregon  Short  Line;  also  with  Mammoth  Reservoir  Company,  Fairview, 
Utah;  also,  same  year,  on  surveys.  United  States  Geologi(!al  Survey,  Montrose,  Colo.; 
January  1 ,  1903,  appointed  assistant  engineer  in  reclamation  service. 

IIayden,  Beauford  Emmett,  assistant  engineer.  Born  in  Missouri,  August  23, 
1875.  Education,  high  school,  private  college,  and  Territorial  University,  Nor- 
man, Okla. ;  B.  S.  in  1900.  In  1901  and  1902,  constructed  ditches  and  laterals  for 
the  reclamation  of  land  near  Yuma,  Ariz.  In  1902-3,  on  topographic  work  on  Col- 
orado River.  June  9,  1903,  appointed  engineering  aid  in  the  reclamation  service, 
and  assigned  to  duty  in  the  Salt  River  Valley,  Arizxjna;  December  9, 1903,  promoted 
to  assistant  engineer. 

Hays,  David  Walker,  a.s8istant  engineer.  Address,  Reno,  Nev.  Born  in 
Bridgeport,  Cal.,  March  24,  1878.  Education,  Nevada  State  University,  B.  S.  In 
1900,  was  level  man  and  topographer  under  (rommissioner  of  State  highways  of  {he 
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S^tate  of  California,  in  survey  of  roaA  into  Yoseniite  Valley,  and  in  survey  of  Placer- 
-ville  road  between  Placerville  ami  I^ke  Tahoe.  1901-2,  assistant  hydrographer  and 
engineer  in  stream  measurements  and  surveys  of  canals  and  reservoirs,  under  L.  H. 
Taylor,  of  United  States  Geological  Survey.  January  1,  1903,  appointed  assistant 
engineer  in  the  reclamation  service. 

Hbndrickb,  Ernest  Dbmarebt,  engineering  aid.  Address,  Las  Cruces,  N.  Mex. 
Born  in  New  York,  December  16,  1879.  Education,  Cornell  University,  C.  E. 
Ihiring  summers  1897-1900  with  Hendricks  Haypress  Manufactory,  Kingston.  N.  Y. 
In  1901,  rodman  with  geological  survey  of  New  York  State.  In  1902,  in  New  York 
State  engineer  corps.  June  13,  1^3,  appointed  engineering  aid  in  the  reclamation 
service. 

Hswrrr,  Charles  Edgar,  engineering  aid.  Address,  Peyton  Block,  Spokane, 
Wash.  Bom  in  Iowa,  October  30, 1868.  Education,  Iowa  City  Academy,  commercial 
school,  and  State  University  of  Iowa,  C.  E.  During  1897  and  1898  was  with  United 
States  Geological  Survey  as  levelman,  then  accepted  position  on  engineer  corps  of 
Chicago,  Burlington  and  Quincy  Railway;  during  field  seasons  since  that  time  has 
been  with  Government  survey.  1901-2  with  Missouri,  Kansas  and  Texas  Railroad 
on  location  work  in  Oklahoma  and  Indian  Territory.  July  16,  1903,  appointed 
engineering  aid  in  the  reclamation  service. 

Hill,  Louis  Clarbncb,  engineer.  Address,  Livingstone,  Ariz.  Born  in  Michigan, 
February  22,  1866.  Education,  University  of  Michigan,  B.  S.  in  C.  E.  and  E.  E. 
In  1886-87  was  draftsman  with  Detroit  Pipe  and  Foundry  Company,  Detroit,  Mich. 
1887,  leveler  and  tran.<«itman,  Duluth,  Redwing  and  Southern  Railroad,  also  in  St. 
Paul  office  of  United  States  Engineer  Corps  as  assistant  engineer.  1887-88,  transit- 
man  and  chief  of  party,  Duluth,  R^lwing  and  Southern  Railroad.  1888,  resident 
engineer  Great  Northern  Railroad,  St.  Paul,  Minn.  1890-1903,  professor  of  physics 
and  electri(»l  engineering,  Colorado  School  of  Mines.  In  1893  served  as  judge  on 
committee  of  awards,  World's  Columbian  Exposition,  and  since  that  date  has  served 
many  times  as  consulting  engineer.  June  8,  1903,  appointed  engineer  in  the 
reclamation  service. 

HiNDBRLiDER,  MicHABL  C,  engineer.  Address,  Chamber  of  Commerce  building, 
Denver,  Colo.  Bom,  Medora,  Ind.,  May  19,  1876.  Education,  public  schools  and 
University  of  Techology  of  Indiana,  B.  S.  inC.  E.,  Purdue  University.  In  1897  and 
1898  was  on  United  States  Land  Survey  in  Colorado.  During  the  summers  of  1899 
and  1900  was  employed  by  the  State  engineer  of  Colorado  to  make  stream  gagings. 
1899-1900,  in  engineering  department  of  board  of  public  works  of  Denver,  Colo. 
In  1898  and  1901,  in  designing  and  construction,  also  drainage  surveys.  In  1902  was 
engaged  in  hydrographic  work  over  the  State  of  Colorado  under  the  United  States 
Geologic  Survey.  January  1,  1903,  appointed  assistant  engineer  in  the  reclamation 
service;  September  1,  1903,  promoted  to  engineer.  January  1  to  July  31,  1903,  in 
charge  of  hydrographic  work  in  Colorado  under  the  United  States  Geological  Survey. 
August  1,  1903,  given  general  supervision  of  hydrographic  work  in  Colorado.and 
adjoining  States,  with  headquarters  at  Denver. 

HoGUE,  Gilbert  H.,  engineering  aid.  Address,  Los  Angeles,  Cal.  Education, 
University  of  Idaho,  B.  S.  in  C.  E.  1900-1901,  on  maintenance  of  way  and  con- 
struction work;  also,  in  1901,  assistant  engineer  and  draftsman  in  office  of  city 
engineer,  Mgscow,  Idaho.     1901-2,  general  engineering  and  land  surveying;  also,  in 

1902,  city  superintendent  on  construction,  Moscow,  Idaho,  and  chief  draftsman  and 
topographer  Cascade  Canal  Company,  Ellensburg,  Wash.  1902-3,  assistant  irriga- 
tion engineer  and  hydrographer.  United  States  Geological  Survey.     January  12, 

1903,  appointed  engineering  aid  in  reclamation  service.  1903,  topographic  work  on 
Minidoka  project,  Idaho. 

HoLGATB,  Harry  Lakgfx)rd,  clerk.  Born,  Corvallis,  Oreg.,  January  21,  1867. 
Graduate  of  Oregon  Agricultural  College,   B.  S.     Admitted  to  practice  law  iu  the 
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courts  of  Oro;^»in,  Octolwr  8,  1893.  Practice*!  law  in  Oregon  until  liepartnn*  to  the 
Philipplnen  an  nienilior  of  the  SiH'ond  ()rt»pm  Kt»ginient  Volunteer  Infantr>*. 
Appointed  clerk  Unite<l  States  Census  OlRce  in  IfKX).  Assintant  chief  of  irri^ratinn 
section  until  June  1,  1903,  when  he  was  transferred  to  United  States  Geological  Sur- 
vey as  (!lerk  in  the  legal  dei>artment  of  the  reclamation  service. 

HoLLisTER,  (lEORGR  BuELL,  hvdrographer.  Address,  Washington,  D,  C.  Rom, 
Brooklyn,  N.  Y.,  September  16,  1865.  B.  A.,  Yale  University.  From  1892  tn  1896 
was  private  secretary  to  Arthur  M.  Dodge,  New  York  Gity,  and  during  that  time 
was  also  a.s'^istant  treasurer  of  Central  Electric  Heating  Company,  and  trea«irt»r  of 
Dewey  Elecrtric  Signal  Company.  1896-97,  with  -estate  of  Arthur  M.  Dodge;  then 
entered  employ  of  his  father  in  wholesale  grain  and  feed  business,  New  York  City, 
1901-1903,  hydrographer,  Unite<l  States  Geological  Survey.  January  1,  1903, 
appointed  hydrographer  in  the  reclamation  service. 

IloLT,  Lester  Morton,  assistant  engineer.  Address,  Lawton,  Okla.  Born,  Wis- 
consin, February  25,  1877.  Education,  Columbian  University;  degree  B.  S.  in  19UU; 
degree  of  C.  E.  in  1902.  Member  of  engineer  corps  of  District  of  Columbia  National 
Guard  for  four  years,  making  maps,  etc.  From  1896  to  1902  was  messenger,  clerk, 
and  lK)okkeeper,  United  States  Treasury  Department.  July  20,  1902,  appointetl 
irrigation  assistant  in  United  States  Geological  Survey.  July  1,  1903,  ap{w>intetl 
assistant  engineer  in  the  reclamation  service.  Four  months'  instrument  work,  i>n 
surveys  of  Grand  Valley  irrigation  project,  Colorado.  One  month's  offii'e  work, 
level  and  transit,  at  Montrose,  Colo.  Three  months'  plane-table  and  level  at  Moun- 
tain Park,  Oklahoma  Territory.  Four  months'  office  work,  level,  plane-table  work, 
etc.,  tor  investigation  for  Lawton  waterworks,  Lawton,  Okla. 

HoKTox,  Albert  Howard,  engineer.  Address,  Silver  Creek,  N.  Y".  Gradoate 
of  Cornell  University,  degree  C.  E.  In  1898-99  was  stadiaraan  and  draftsman  on 
United  States  Deoj)  Waterway  Survey;  also,  in  1899,  rodman  in  precise-level  party. 
1899-1900,  recorder  with  United  States  Lake  Survey,  engaged  in  bydrojifraphic 
surveys  and  discharge  measurements  on  the  St.  Clair  River.  1900-1901,  recorder 
with  United  States  Lake  Survey,  in  charge  of  field  work  in  connection  with  diftchai^re 
measurements  of  St.  I^wrence  River.  1901-2,  with  United  States  Lake  Snrvey,  in 
charge  of  office  work  connected  with  a  resurvey  of  St.  Lawrence  River.  1902-^ 
junior  engineer  with  United  States  Lake  Survey,  in  charge  of  precise  level  party, 
running  levels  between  (Treenbush  and  Oswego.  May  9,  1903,  appointed  anqstant 
engineer  in  the  reclamation  service;  January  1,  1904,  promoted  to  engineer. 

HoRTON,  Robert  Elmer,  hydrographer.  Address,  76  Arcade,  Utica,  N.  Y.  Bom 
in  Michigan,  May  18,  1875.  Education,  Albion  College,  Michigan,  degree  B,  S. 
1895-1897,  made  calculations  of  rainfall  and  run-off  of  Hudson  River  for  New  York 
State  engineer.  Jn  1898  was  second  assistant  engineer  of  construction,  Indian  Lake 
storage  dam,  New  York.  1898-99,  computer,  water-supply  division,  Unite<i  States* 
Deep  Waterways  Survey;  also,  same  year,  vi^y  paving  inspector,  Rome,  N.  Y. 
189i)-1900  an<l  later,  in  private  practice.  Investigated  water  |)owers  on  West  Canada 
Creek,  New  York,  built  storage  pond,  Oneida  County;  made  surveys  an<l  plans. 
Fishkill  (N.  Y.)  waterworks,  and  Binghamton  (N.  Y.)  water  powers;  consuhing 
expert  in  various  cases,  etc.  1900-1902,  hydrographer.  United  States  (icologii*aI 
Survey,  in  charge  of  str€»am  gagings  Jn  New  York  State,  and  later  in  Michiiean. 
January  1,  UK)3,  appointed  hydrographer  in  the  reclamation  service. 

HosFORD,  Clarence  Kent,  engineering  aid.  Bom  in  \'ermont,  Septenil)er  17, 
1875.  Education,  Dartmouth  College,  B.  S.,  and  Thayer  School  of  Civil  Engineering. 
Jn  1900  ai^sinted  in  contour  work  and  laying  out  foundations.  In  1902,  field  assistant 
with  United  States  (reological  Survey.  Januarys,  1903,  appointe<i  engineering  aid 
in  the  reclamation  service  an<l  assigned  to  duty  in  New  Mexico. 

IIoYT,  John  Clapton,  computer.  Addrcs.**,  Washington,  D.  C.  Born  at  lAfhvette. 
N.  Y.,  June  10,  1874.     Education,  Andover  Aca<lemyand  Cornell  University;  gradi}- 
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at€Nl  ill  civil  enjjineeriiij?  in  1S97.  From  May  to  Octol)er,  1897,  wan  with  Cornell 
U 111 vt»rsity  hydraulic  laboratory  cnnstrm-tion,  ai^  assistant  enjjfineer.  From  Noveni- 
Ikt,  1SS)7,  to  OctolHjr,  1898,  wa»4  with  TnittHl  States  IHh»p  Waterways  C'ommission  on 
C)H\vt»p)  route.  NovenilHT,  1898,  U)  HeptemlK^r,  1899,  draftsman,  Bureau  Yarda  and 
l><H*k8,  Navy  Department,  Washington,  D.  C.  October,  1899,  to  August,  1902,  with 
l'nit4»<l  States  Coast  and  Gecxletic  Survey,  as  computer.  S^ptembc»r  3, 1902,  appointed 
computer  in  United  States  CJeological  Survey. 

IlrsER,  Frederick  W.,  engineering  aid.  Address,  Reno,  Nev.  Born  in  Virginia, 
Anj»ii.st  31,  1879.  Education,  Baltimore  City  College  and  Cornell  University.  In 
18iM»,  was  rodman  on  preliminary  surveys  for  Uniteil  Railways  of  Baltimore;  in  1900, 
nxlnian  on  construction,  Unite<l  Railways  of  Baltimore;  in  1901,  rodman  on  location, 
Baltimore  and  Ohio  Railroad;  1902,  temporary  assistant  engint»er,  United  Railways 
of  lUiltimore.     May  7,  1903,  a))pointed  engineering  aid  in  the  reclamation  service. 

lIi'ppAKER,  Isaac  Watts,  engineering  aid.  Addres.**,  Reno,  Nev.  Born  in  California, 
September  25,  1874.  Education,  common  school  and  private  instruction  in  survey- 
in  j?,  etc.  1899  to  1901  was  in  general-surveying  office  at  Deer  Ix)dge,  Mont.  In 
1901  was  employed  in  construction  of  iron-frame  smelters  at  Anaconda,  Mont.  May 
7,  1903,  appointed  engineering  aid  in  the  reclamation  service.  Employed  as  hydrog- 
rapher  on  Walker  River  Basin  for  three  months  following  appointment;  since  that 
time  as  levelman  on  Lower  Truckee  canal. 

HrMPHERVs,  Thomas  HvRrM,  engineering  aid.  Address,  391  South  Main  street, 
I^^an,  Utah.  Bom  in  Idaho,  Noveml)er  2(5,  1874.  Graduate  of  Utah  Agricultural 
Colh»ge,  degree  B.  S.  in  C.  E.  In  1897-98  was  employed  at  Utah  Experiment  Station, 
l'nite<l  States  Department  of  Agriculture.  In  1898,  surveying  for  Newton  Reservoir 
Company,  Newton,  Utah.  In  1900,  on  work  connected  with  sulxlivision  of  Govem- 
iiicnt  lands.  1901-2,  surveyor  for  Cache  County,  Utah.  1902-3,  employe<l  by  the 
West  Cache  Canal  Company,  of  Trenton,  ITtah.  June  15,  1903,  ap]X)inted  engineering 
aid  in  the  reclamation  service. 

Humphreys,  David  Carlislk,  assistant  hydrographer.  Address,  Lexington,  Va, 
Born  in  Virginia,  Octol)er  14,  1855.  E<lucation,  Washington  and  Ijee  University, 
degree  C.  E.  1872-1874,  engaged  in  mapping  and  general  surveying.  1874-75,  office 
assistant  and  draftsman,  railway  construction.  1878-79,  teacher.  1879-1885,  drafts- 
man and  Unite<l  States  assistant  engineer  on  improvement  of  Mississippi  and  Missouri 
rivers,  under  board  of  engineers  and  Missouri  River  Commission.  1885-1903,  pro- 
fessor of  civil  engineering  at  Washington  and  Lee  University.  In  1888  was  engineer 
for  increasing' water  supply  of  Lt»xington,  Va.  Also,  at  various  tiin&<i,  engineer  and 
architect  for  land  companies,  railroads,  etc.;  also  consulting  engineer  and  vice- 
president,  Lexington  Light  and  Power  Company.  1895-1903,  resident  hydrographer, 
United  States  Geological  Survey.  February  2,  1903,  api)ointed  hydrographer  in 
reclamation  service. 

HvRD,  IIuED  Clarence,  assistant  engineer.  Address,  Roswell,  N.  Mex.  Born  in 
Texas,  April  16,  1870.  Graduate  of  Princeton,  C.  E.  During  1891  spc»nt  four  months 
on  the  construction  of  the  Broadway  cable  road.  New  York  City.  1893-1897,  dt^gree 
with  engineering  department  of  District  of  Columbia.  With  Nicaragua  Canal  Com- 
mission, 1897-1899,  and  with  Isthmian  Canal  Commission,  185)1>-1901;  then  accepte*! 
position  as  transitman  with  Washington  and  Annapolis  Electric  Railway  Company. 
In  1902,  assistant  engineer  with  J.  M.  Guffey  Petroleum  Company,  Port  Arthur, 
Tex.  Septeml)er- December,  1902,  with  special  agent,  Department  of  State,  on 
work  on  Nicaragua  Canal  route.  May  1,  1903,  appointed  assistant  engineer  in  the 
rei'laination  service. 

Johnson,  Edward,  Jr.,  engineer.  Address,  2(>3  Dearborn  street,  Chiirago,  III. 
Born  in  Boston,  Mass.,  De<*ember  4,  1876.  Education,  Mm*sa<*husetts  Institute  of 
Technology,  degree  B.  S.  Septeml)er  26,  1899,  to  Oct<)l>er  13,  1900,  with  Essex 
County,  I^wrence,  Mass.,  as  assi.st-ant  engineer  in  constructifm  work,  wat^*r  measure- 
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merits,  hydraulic  engineering,  and  city  surveying.  October  25,  1900,  to  Defeiuber  li», 
1902,  attached  to  l*.  S.  8.  Ranger  an  hydrographie  surveyor.  Winter  of  1900-19iJl, 
connecte<l  with  building  of  wharf  for  Unit(»d  States  coaling  station  at  IMchiliiKjiu* 
Bay,  Mexico,  and  during  that  time  and  in  1902  executed  the  main  triangalation  ni 
the  survey  of  the  coafit  of  Lower  California.  February  2,  1903,  appointed  assistant 
engineer  in  the  reclamation  service;  January  1,  1904,  promoted  to  engineer. 

Keddik,  William  Arthur,  assistant  engineer.  Address,  Reno,  Nev.  Bom  in 
California  March  4,  1878.  Education,  Nevada  State  University;  degree  B.  S.  In 
1900,  on  topographical  surveys;  also  made  topographic  mapfl  and  did  general  draft- 
ing for  report  on  Truckee  River  project.  1901-2,  draftsman  in  United  States  aar- 
veyor-general's  office.  June-September,  1902,  on  United  States  survey  work  in 
Nevada.  1902-3,  made  preliminary  surveys  of  canal  lines  along  Truckee  River.  Jan- 
uary' 24,  1903,  appointed  assistant  engineer  in  the  reclamation  service,  since  which 
time  has  been  on  topographic  surveys  in  Nevada. 

Kerr,  John  Nicewaunc^er,  assistant  engineer.  Address,  Monte  Vista,  Colo.  Bom 
in  Ohio,  July  1,  1879.  Education,  University  of  Colorado  and  Colorado  Schoof  of 
Mines.  In  1898  w^as  field  assistant  with  Colorado  Valley  Land  and  Canal  Company. 
1899,  assistant  engineer  wnth  Colorado  Valley  Land  and  Canal  Company.  1900, 
mining  at  Summitville  and  Ouray,  Colo.-  1902,  draftsman  with  Southern  Colorailo 
Land  Company;  also  mining  and  raining  surveying,  Summitville  district,  Colorado. 
September  16,  1902,  appointed  assistant  engineer  in  the  rei'lamation  service. 

Ki^iNscHMiDT,  Henry  Schwino,  engineering  aid.  Address,  2112  Waverly  place, 
St.  Louis,  Mo.  Bom  in  Tennessee,  May  28,  1882.  Graduate  of  University  of  >riii- 
souri,  degree  B.  S.  in  C.  E.  In  1901  was  with  survey  party  in  Oklahoma  and  Texa-s 
as  chainman  for  St.  Louis  and  San  Francisco  Railroad.  In  1902,  with  Atchison, 
Topeka  and  Santa  Fe  Railroad,  between  Chicago  and  Kansas  City,  on  maintenance 
of  way.    June  11,  1903,  appointed  engineering  aid  in  the  reclamation  service. 

Laurgaari),  Olaf,  engineering  aid.  Address,  La  Crosse,  Wis.  Born  in  Norway, 
February  21, 1880.  Education,  high  school  and  University  of  Wisconsin.  In  1901  ha^l 
chaise  of  level  party  in  northern  Minnesota  for  United  States  Steel  Corporation- 
1902,  running  levels  for  electric  railway.  1902,  with  United  States  Geological  Sur. 
vey  as  primary  levelman  and  traverseman.  May  14,  1903,  appointed  engineering 
aid  in  the  reclamation  service. 

Lawson,  Lawrence  Milton,  assistant  engineer.  Address,  Los  Angeles,  Cal.  Bom 
Washington,  D.  C,  January  8,  1879.  Education,  high  school,  Polytechnic  Institute 
of  Pasadena,  Cal. ,  Mount  Tamalpais  Military  Academy,  and  Stanford  University.  In 
1902  was  in  trharge  of  pipe-line  survey  for  Pomona  and  Ontario  Gas  and  Fuel  Company, 
Lofl  Angeles,  Cal. ;  also  in  charge  of  party  making  stream  measurements  in  California 
for  United  States  Geological  Survey.  January  5,  1903,  appointed  engineerings  aid  in 
the  reclamation  service;  July  5,  1903,  promote<l  to  assistant  engineer. 

Lkiohton,  Marshall  Ora,  hydrographer.  Address,  Washington,  D.  C.  Bom  in 
Maine,  May  1, 1874.  Graduate  of  Massachusetts  Institute  of  Technology.  From  1896 
to  1902  was  executive  officer  for  the  boanl  of  health  at  Montclair,  N.  J.,  and 
during  the  latter  half  of  this  period  was  engaged  in  private  sanitary-engineering  prac- 
tice as  consulting  expert.  In  1899  was  asf-ociated  with  George  W.  Fuller,  consulting 
expert,  New  York  City,  in  an  examination  of  drainage  area  of  Passaic  River  above 
Little  Falls  to  determine  the  fitness  of  the  water  flowing  therefrom  for  use  in  domestic 
supply.  In  1901  was  employed  by  the  United  States  Geological  Survey  to  prepare  a 
report  on  sewage  pollution  in  rivers  around  New  York,  published  as  W^ater  Supply 
and  Irrigation  Paper  No.  72.  In  1902  was  engaged  in  a  new  branch  of  work  under 
the  United  States  Geological  Survey  having  espe<dal  reference  to  pollution  of  waters 
and  the  damage  done  thereby,  and  reviewed  water  investigations  made  in  the  north- 
eastern part  of  the  United  States  in  a  report  published  as  Water  Supply  and  Irriga- 
tion Paper  No.  79.     Also  investigated,  in  conjunction  with  Mr.  Geoiige  B.  HoUister, 
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the  great  floods  on  the  Passaic  River  in  March,  1902,  and  October,  1903.  Made  an 
extended  trip  through  Indiana,  Illinois,  Iowa,  Missouri,  and  Arkansas,  exploring  river 
drainage  areas  for  locations  of  current-meter  measurement  stations,  and  on  De<iember 
1,  1902,  was  put  in  charge  of  river  measurements  in  the  Mississippi  district,  which 
c'oven'  the  above-named  States,  together  with  Kentucky,  Ohio,  Wisconsin,  and  Min- 
n€?f<ota.  January  1,  1903,  was  appointed  hydrographer,  and  put  in  charge  of  the 
division  of  hydro-economics. 

Lemenaoer,  Henri  V.,  draftsman.  Address,  Washington,  D.  0.  Bom  in  Eng- 
land, 1870.  Education,  English  high  school  and  si)ecial  courses  in  art  in  South 
Kensington  School  of  Science  and  Arts.  1889-1894,  draftsman  with  Northern  Pacific 
Railroad;  1894-95,  draftsman.  United  States  Surveyor-General's  Office;  1900,  drafts- 
man, Rand-McNally  Company.  In  January,  1901,  was  appointed  draftsman,  United 
States  Geological  Survey,  and  on  October  1,  1902,  assigned  to  duty  in  the  hydro- 
graphic  bran(;h. 

Lbivis,  John  Howard,  hydrographic  aid.  Address,  Pendleton,  Oreg.  Bom  in 
Oregon,  April  22,  1878.  Education,  graduate  of  high  school,  three  years  in  Stanford 
University,  C.  E.,  Cornell,  1903.  In  1899  and  1900  was  draftsman  for  Oregon  Rail- 
road and  Navigation  Company;  also,  in  latter  year,  chief  topographer  in  field  for 
same  company,  and  from  August,  1900  to  September,  1901,  was  in  charge  of  records 
of  right  of  way  department  of  same  cx>mpany;  June  to  September,  1902,  was  field 
draftsman  on  construction  work  for  same  company.  June  10,  1903,  appointed  hydro- 
graphic  aid  in  the  reclamation  service,  having  charge  of  all  hydrographic  work  in  the 
State  of  Oregon. 

LiPPiKcoTT,  Joseph  Barlow,  supervising  engineer.  Address,  Los  Angeles,  Cal. 
Bom  in  Scranton,  Pa.,  Octol>er  10,  1864.  I'Mucated  at  Dickins^^n  College,  Pennsyl- 
vania, and  University  of  Kansas,  receiving  degree  of  B.  S.  in  1886.  Since  that  time 
has  been  continuously  engaged  in  civil  engineering.  1886-1888,  railroad  w^ork  for  the 
Santa  Fe  System.  In  July,  1888,  was  employed  by  United  States  Geological  Survey 
for  topographic  work  and  continued  until  1892,  when  he  was  appointed  assistant 
engineer  for  Bear  Valley  Irrigation  Company,  of  Redlands,  Cal.,  and  assisted  in 
building  a  portion  of  the  Santa  Ana  canal.  In  1893  took  charge  of  field  work  of  an 
enterprise  contemplating  irrigation  of  30,000  acres  in  northwestern  portion  of  Los 
Angeles  County,  Cal. ;  work  abandoned  in  December,  1894.  In  January,  1895,  was 
placed  in  chai^  of  hydrographic  investigations  for  the  United  States  Geological 
Survey  in  California  and  has  had  charge  of  said  work  to  date.  Is  author  of  various 
United  States  Geological  Survey  publications.  Has  been  employed  on  domestic 
waterworks  of  various  cities,  including  San  Francisco,  Los  Angeles,  and  Santa 
Barbara,  Cal.,  as  consulting  engineer  and  also  in  same  capacity  by  a  number  of 
irrigation  companies. 

LooTz,  Alf  C,  assistant  engineer.  Address,  Reno,  Nev.  Bom  in  Massachusetts, 
March  8,  1870.  Graduate  of  Massachusetts  Institute  of  Technology;  degree,  S.  B.; 
als<3  graduate  of  English  High  School,  Boston.  In  1896-97  rod  man  with  Boston 
Transit  Commission.  1897-98,  with  chief  engineer  city  of  Boston,  when  he  had 
chai^  of  field  work,  laying  out  and  estimating  and  making  surveys.  1898-1903,  in 
Navy  Department  at  Boston  Navy-Yard,  in  surveying,  inspecting  construction  of 
quay  walls,  buildings,  etc. ;  also  had  charge  of  laying  out  the  new  dry  dock  at  that 
yard,  making  estimates  for  same.  June  4,  1903,  appointed  assistant  engineer  in  the 
reclamation  service. 

McCoNNELL,  Ira  Welch,  engineer.  Address,  Montrose,  Colo.  Bom  in  Mis- 
souri, October  17,  1871.  Graduate  of  Cornell;  degree,  C.  E.  In  1897,  (x>ntractor*s 
foreman;  1898,  topographic  surveyor,  United  States  Deep  Waterways  Commis- 
sion; same  year,  rodman.  United  States  navy-yard,  Brooklyn,  N.  Y.  1898-99, 
contractor.  North  Tarrytwon,  N.  Y.,  sewerage  system;  1899-1900,  instructor  in  civil 
en^eering,  Cornell  University;  1900-1901,  superintendent  of  construction,  Indian- 


334  FIRST   BECLAMATION  ^SERVICE    CONFERENCE.  [3j<i.«. 

apoliu  Water  Company;  1901-1903,  superintendenty  Nash  &  Dowdle,  contrai-U>rs. 
Chicago  and  New  Orleans;  January  to  June,  1903,  profeaeor  of  civil  en^nc^erin?:, 
Missouri  v-k'hool  of  Mines;  June  14,  1903,  appointed  hydrographer  in  the  reclaoia- 
tion  service;  December  14,  1903,  designation  changed  to  engineer. 

McDermith,  Oro,  engineering  aid.     Address,  Chamber  of    Commerce   Building. 
Denver,  Colo.     Born  in  Colorado,  August  24,  1879.     Graduate  of  Colorado  Apriitil- 
tural  College;  degree,  B.  S.     In  1894-95  was  miner  and  prospector,  Leadville  aiwl 
Gunnison,  Colo.     1895-1897,  ranchman  and  practical  irrigator.  Eagle,  CoJo.      185*7- 
1899,  student  at  college.  Fort  Collins,  Colo.     1899-1900,  clerk  and  telegraph  operator, 
Wolcott,  Colo.     1900-1902,  student,  Fort  ColUns,  Colo,     1902-3,  fellow  in  irrigatif* 
engineering,  and  assistant  in  irrigation  investigations  at  Agricultural   Exx^eriinent 
Station,  Fort  Collms,     May  15,  1903,  appointed  engineering  aid  in  tha  reclamation 
service. 

McIntyre,  Otis  Little,  engineering  aid.  Address,  Washington,  D.  C  Graduate 
of  Columbian  University.  1901-1903,  work  in  general  engineering,  cartijgraphi** 
draftsman  in  United  States  hydrographic  office.  May  18, 1903,  appointed  engineering 
aid  in  the  reclamation  service. 

Macpiierson,  David  J.,  assistant  engineer.  Address,  Pasadena,  C^l.  Bom  in 
Canada,  January  12,  1854.  Graduate  of  Cornell  University,  B.  C.  K.  1878-18>0, 
with  Worthington  and  Sioux  Falls  Railroad  in  Minnesota.  1881-82,  building  rail- 
road projects  under  contract.  188^3,  assistant  city  engineer,  San  Antonio,  Tex.  1SS4, 
locating  engineer,  Mexican  National  Railway.  1885-1891,  in  real  estate  businesss  in 
California.  1892-1896,  chief  engineer  Mount  Lowe  Railway.  18i)9-1901,  <*]iief  engi- 
neer, constructing  railway  and  installing  mining  machinery  for  parties  in  Mexico. 
1902-3,  on  hydrographic  work,  United  States  Geological  Sur\'ey,  December  5,  1903, 
appointed  assistant  engineer  in  reclamation  service. 

Madden,  Francis  Michael,  hydrographic  aid.  Address,  Chamber  of  Comment 
Building,  Denver,  Colo.  Born  in  Minnesota,  Octol^er  10,  1878.  Graduate  <if  Uni- 
versity of  Minnesota,  C.  E.  April  to  September,  1901,  was  rodman  with  *'Soo" 
Line.  May-September,  1902,  instrimient  man,  Chitngo  Great  Western  Railway. 
July  27,  1903,  appointed  hydrographic  aid  in  the  reclamation  service, 

Magruder,  Frank  C,  engineering  aid.  Address,  Chamber  of  Commerce  Biiihl- 
ing,  Denver,  Colo.  Born  in  Missouri,  January  16,  1879.  Graduate  of  University  of 
Missouri; /degree  B.  S.  in  C.  E.  In  1901  was  topographer  on  Missouri  Pacific  Kail- 
w^ay.  In  1902  was  rcnlman  with  Missouri,  Kansas  and  Texas  Railway.  In  19ft{, 
instructor  in  surveying  at  Missouri  State  University.  June  17,  1903,  apxioint^nl  engi- 
neering aid  in  the  reclamation  ser\'ice. 

Matthes,  Gerard  Hendrik,  engineer.  Address,  Lawton,  Okla.  Bom  in  Hol- 
land, March  16,  1874.  Education,  Massachusetts  Institute  of  Technology;  B.  S. 
1895.  During  summer  of  1893  in  plan  department  of  Associated  Factor}'  Mutual 
Insurance  Companies.  1895-1897,  in  town  engineer's  office,  Bnx)kline,  Mass.,  s» 
draftsman,  instrument  man,  and  sewer  inspector;  alno  instrument  man  for  three 
months  for  Massachusetts  State  Board  of  Harbor  and  Land  CommissioDers.  Since 
May,  1897,  to  date  with  United  States  Cieological  Survey,  on  stream  gaging,  reservoir 
and  canal  surveys.  At  present  district  engineer  in  charge  of  reclamation  Hur\'eys 
and  construction  of  public  works  in  Oklahoma,  and  special  disbursing  agent. 

Meeker,  Ralph  Inman,  engineering  aid.  Address,  Chamber  of  Commerce  I^nild- 
ing,  Denver,  Colo.  Born  in  Kansa*^,  Fel>ruary  14, 1878.  Education,  high  s<'hool  and 
Colorado  State  School  of  Mines.  In  1899-1900  was  assistant  to  the  chief  engine<»r  of 
the  Twin  Lakes  Land  and  Watei*  Company  and  Twin  Lakes  Reservoir  Company. 
In  1900-1901  was  with  Union  Gold  Extraction  Com])any,  Florence,  Colo.,  as  hi»aii 
barrel  man  and  pret^ipitator.  July-August,  1901,  with  The  Woods  Investment  Com- 
pany, at  Economic  Chlorination  mill,  Cripplecreek,  as  barrelman.  In  1902  assayer 
in  office  of  A.  E.  Reynolds,  Pueblo,  Colo. ;  also,  in  1902,  in  mine  surveying  and  sam- 
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pling  at  Blai-khawk,  Colo.,  with  BoKton  and  Denver  Consolidated  Mining  and  Mill- 
ing C'Onipany;  alno,  same  year,  with  (Colorado  Northern  (lold  Mining  Comi>any,  aH 
annayer  and  ele<»trician,  alno  mine  surveying.  In  1902-3,  with  Wall  Street  (lold 
Kxtraction  Comi>any,  Wallstreet,  Colo.,  as  general  man.  May  1,  1903,  ap{)ointed 
engineering  aid  in  reclamation  service. 

Miller,  (teorge  S.,  engineer.  Bom  at  Lowell,  Mass.,  April  22,  1872.  B.  S.  in 
C.  E.,  University  of  Vermont.  1895-96,  assistant  engineer,  Unitetl  States  engineers' 
office,  Burlington,  Vt.;  also,  in  1896,  with  Boston  and  Albany  Railroad,  on  separa- 
tion of  gratles.  1896-97,  with  Metropolitan  Sewerage  Commission,  at  Dedham,  Mass. 
1897-98,  with  Murphy  &  Haskins,  contractors.  1898-1904,  with  United  States 
Kngineers,  War  Department,  as  a^istant  superintendent  and  Hut)erintendent.  March 
9, 1904,  appointed  engineer  in  the  reclamation  service,  by  transfer  from  War  Depart- 
ment. 

MoRRiH,  AxTuoNY  pAi'L,  hydrographic  draftsman.  Address,  Washington,  D.  C. 
Bom  in  Maryland,  March  21, 1876.  E<lucation,  high  school  and  normal  school;  now 
attending  Columbian  University,  Washington,  D.  C.  In  1894  was  employed  as 
assistant  in  making  subdivision  surveys  in  District  of  Columbia.  1895-1897,  with 
United  States  Fish  Commission.  1898-99,  ser\'eil  in  United  States  Army  during 
8{>anish- American  war.  In  February,  1901,  was  appointed  hydrographic  draftsman 
in  United  States  Geological  Survey. 

Murphy,  Edward  Ciiarlrs,  engineer.  Address,  Washington,  D.  C.  Born  in 
Canada,  June  17,  1859.  Graduated  from  Cornell  University  in  1884;  degree,  B.  C.  E. 
Has  since  received  from  that  university  the  degrees  of  M.  S.  and  Ph.  D.  Fellow  in 
mathematics,  Cornell,  1885-86.  1887-1898  was  assistant  professor  of  civil  engineering 
at  University  of  Kansas.  In  1899  fellow  in  civil  engineering,  Cornell  University. 
In  1900  hydrographer,  United  States  (geological  Survey.  In  1901  instructor  in  civil 
engineering  at  Cornell.  1892-1898,  resident  hydrographer,  United  States  Geological 
Survey,  for  eastern  Kansas.  1902,  hydrographer  and  assistant  engineer,  United  States 
(leological  Survey.  Associate  meml)er  American  Society  of  Civil  Engineers.  Has 
published  Water-Supply  and  Irrigation  Papers  Nos.  8,  42,  43,  and  64,  alwj  papers  in 
Kansas  University  Quarterly,  Kansas  Academy  of  Science,  Engineering  News,  and 
Transactions  American  Society  of  Civil  Engineering.  October  9,  1902,  apiK)inted 
assistant  engineer  in  the  reclamation  service.     July  1,  1903,  promoted  to  engineer. 

Myers,  Edward  Warren,  assistant  engineer.  Address,  Greenslwro,  N.  C.  Bom 
in  North  Carolina,  Octol)er  30,  1873.  Education,  private  school,  gra^led  school, 
military  preparatory  school,  and  university.  Graduated  with  degree  B.  S.  from 
University  of  North  Carolina  in  1895.  Associate  member  American  Society  of  Civil 
Engineers.  Since  his  graduation  has  been  employed  for  the  greater  part  of  the  time 
as  engineer  of  the  North  Carolina  geological  survey  in  reconnai-ssances  and  investiga- 
tions of  water  power  of  North  Carolina,  topographic  surveys,  etc. ;  also  as  n»sident 
hydrographer  for  North  and  South  Carolina,  in  charge  of  the  hydn>graphic  work  in 
these  States  and  in  parts  of  Virginia  and  East  Tennessee.  Private  work  has  con- 
sisted of  sun'eys  and  plans  for  water-jxiwer  development,  water  s;ipply,  sewerage, 
and  electric  railways,  and  of  expert  testimony  l)efore  courts  in  suits  relative  to  thwe 
subjects.     January  1,  1903,  appointed  a^istant  engineer  in  the  n*clamation  si»rvice. 

Newell,  Frederick  Haynes,  chief  engineer.  Address,  W£L*<hingt<m,  D.  C.  Born 
in  Bradford,  Pa.,  March  5, 1862.  Graduate  of  Massachusetts  Institute  of  Technology 
as  engineer,  1885.  Engaged  in  mining  in  Colorado.  Miscellaneous  engineering  in 
Ohio,  Pennsylvania,  Virginia,  and  other  States.  With  United  States  (Geological  Sur- 
vey, 1889-90,  as  assistant  hydraulic  engineer;  1890-1895,  topographer;  1895-1902. 
hydrographer.  July  8, 1902,  appointe<i  chief  engim»er,  reclamation  8er\'ice.  Author 
of  Hydrography  of  the  Arid  Regions,  1891;  Agriculture  by  Irrigation,  1894;  The 
Public  Lamls  of  the  United  States,  1895;  Irrigation,  1902.  Member  commission  on 
revision  of  land  laws. 
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Newell,  Herbert  D.,  assistant  engineer.  Address,  Washington,  D.  O.  Bom  in 
Massachusetts,  August  6,  1871.  Education,  common  school,  academy,  and  Matta- 
chusetts  Institute  of  Technology;  degree,  B.  S.  June-September,  1896,  tfurvvycir. 
Erie  Railroad.  In  1896-97,  with  Boston  Transit  Commission.  1897-1902,  witL 
United  States  Engineers,  Boston.  1897-98,  on  survey  of  Broad  Sound,  Boston  IfarlMrr, 
and  survey  of  upper  Merrimac  River.  1898-1902,  on  fortification  construction.  19U2-Z, 
at  United  States  engineer's  office  at  Fort  Stevens,  Oreg.,  assistant  to  engineer  in 
charge  of  fortification  construction  and  in  charge  of  improvement  of  mouth  of 
Columbia  River.  June  1,  1903,  appointed  assistant  engineer  in  the  reclamation 
service. 

Newell,  Robert  J.,  engineering  aid.  Address,  Boise,  Idaho.  Education,  common 
and  high  school  and  college.  In  1900  taught  school.  1901-1903,  student  at  ilighJaihl 
Park  College,  Des  Moines,  Iowa.  May  14,  1903,  appointed  engineering  aid  in  rei*la- 
mation  service  and  aligned  to  duty  as  transitman  on  preliminary  work  in  Idaho  on 
Minidoka  project,  under  J.  T.  Burke,  and  later  on  Dubois  proposition  and  several 
reservoirs,  under  J.  G.  Camp. 

Noble,  Theron  Aucjustus,  engineer.  Address,  427  Peyton  Block,  Spokane,  Wai«|j. 
Born  New  Philadelj)hia,  Ohio,  January  7,  1864.  Education,  Iowa  State  Coll^si*  and 
Massachusetts  Institute  of  Technology.  Engaged  in  civil  engineering  1890-1892  (or 
Kirkland  Land  and  Improvement  Company,  Seattle,  Wash.  1892-93,  superintend- 
ent of  machine  shop  and  foundry,  Seattle  Iron  and  Steel  Manufacturing  ComxiaDY. 
Seattle,  Wash.  1893-1899,  civil  engineer,  general  practice,  during  which  time  wa* 
engaged  by  Blue  Canyon  Coal  Company;  was  for  three  years  chief  e-ngineer  for 
Seattle  Power  Company,  Seattle,  Wash.,  Pelton  Water  Wheel  Company,  San  Fran- 
cisco, Cal.,  General  Electric  Company,  Portland,  Oreg.  Member  American  Society 
of  Civil  p]ngineers.  1899-1901  was  civil  engineer  for  Oriental  Consolidated  Minima 
Company,  Chemulpo,  Korea.  1901-1903,  engaged  in  general  civil  engineering  prac- 
tice and  resident  hydrographer  for  the  United  States  Geological  Survey.  Appointed 
engineer  in  the  reclamation  service  May  2,  1903. 

Olberq,  Charles  Re.vl,  assistant  engineer.  Address,  Livingstone,  Ariz.  Bt^m 
St.  Paul,  Minn.,  August  19,  1875.  Graduate  Columbian  University  in  civil  engineer- 
ing. Associate  member  American  Society  of  Civil  Engineers.  1894-1896,  iustmnu^nt 
man  on  irrigation  works,  Crow  Indian  Reservation,  Mont.  1896-1900,  structnn] 
steel  draftsman,  Supervising  Architect's  Office,  Treasury  Department,  Washington, 
D.  C.  1900-1902,  assistant  hydrographer.  United  States  Geological  Survey;  in  charge 
of  field  ])arties  on  topographic  and  transit  work.  1902  to  September,  1903,  assistant 
engineer,  reclamation  service,  in  charge  of  field  work  on  Salt  River.  Now  aasistant  to 
L.  C.  Hill. 

Owen,  Ray,  engineering  aid.  Address,  613  Francis  Street,  Madison,  Wis,  Bom  in 
Wisconsin,  Octol)er  29,  1878.  E<lucation,  common  school  and  high  school  and 
University  of  Wisconsin.  In  1902  ran  levels  and  did  planetable  work  for  Uniteii 
States  Geological  Survey  on  East  Liverpool  and  Salineville  sheets,  in  Ohio.  June  12, 
1903,  appointed  engineering  aid  in  the  reclamation  service. 

Parshall,  Adrian  Jefferson,  hydrographer.  Address,  Cheyenne,  Wyo.  Bom 
in  Michigan,  May  24, 1850.  Grammar  and  high  school  education,  entering  Miehigao 
University  in  1867;  graduated  with  degree  of  C.  E.  in  1871.  In  1871,  assistant  city 
engineer  at  Jackson,  Mich.;  1872-1874,  draftsman  in  surveyor-generars  office,  Chey- 
enne, Wyo. ;  1875,  chief  clerk  in  same  office,  and  later,  county  surveyor  of  Lanuuie 
County,  Wyo.;  1876-1880,  did  private  work  in  the  Black  Hills,  South  Dakota;  then 
engaged  in  banking  business.  Returned  to  Cheyenne  in  1883  and  remained  in  busi- 
ness until  1895,  when  he  was  appointed  chief  clerk  of  the  State  land  board,  having 
in  charge  the  work  being  done  under  the  Carey  Act  of  1894.  .1899-1902,  was  assistant 
State  engineer  of  Wyoming,  and  during  that  time  also  performed  duties  of  resident 
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liy<ln>jrrapher  for  ITnittnl  Statics  (loological  Survey.  Since  1902  has  given  h'w  entire 
time  to  the  work  of  the  United  States  Geological  Survey.  February  2,  1903, 
appointiHl  hydrographer  in  the  reclamation  service. 

Patkrson,  Harry  Thomas,  assiRtant  engineer.  Address,  Newport,  Ky.  liorn  in 
Kentucky,  September  7,  1874.  Education,  three  years  at  Rose  Polytechnic,  Terre 
Haute,  Ind.;  six  montlis  sjHicial  work  at  ^lisssouri  School  of  Mines.  Octol)er- 
IVceniber,  1895,  draftsman  with  city  engineer,  Colorado  Springs;  January-April, 
1H96,  with  Wilson  &  Jackson,  contractors  on  tunnel  for  ('olora<lo  Springs  water  sup- 
ply; May-November,  1896,  engineer  on  construction  of  ditch  for  Taylor  Park  Gold 
Mining  Company.  In  1897,  special  work  at  Missouri  Schix)l  of  Mines;  1898-1900, 
a>?8istant  city  engineer,  Colorado  Springs;  1900,  assistant  superintendent  and  engi- 
neer of  Coloracl')  Springs  Rapid  Transit  Railway;  1901-2,  deputy  county  sur\'ey()r 
El  Paso  County,  Colo.;  1902,  draftsman,  leveler,  and  transitman  on  location  for 
Denver  and  Rio  Grande  Railway  in  Colora<io.  October  28,  1902,  appointed  assistant 
engineer  in  the  reclamation  service. 

Pe.^r,  Charles  T.,  engineer.  Address,  Denver,  Colo.  Born  in  Maine,  May  3, 
1858.  Graduate  of  University  of  Maine,  B.  S.  University  of  Denver,  LL.  B.  From 
1882-Ki,  assistant  engineer  in  charge  of  maintenance  of  way,  Mexican  National  Rail- 
way. 1886-87,  in  charge  of  residences  under  construction  on  Colorado  Midland  Rail- 
way. 1887-88,  in  charge  of  divisions  under  construction,  Santa  Fe  Railroad.  1888- 
1891,  assistant  engineer  in  maintenance  of  way  department,  Denver  and  Rio  Grande 
Railway.  1891,  in  charge  of  division  under  construction  on  Rio  Grande  Southern 
Railway.  1892-1896,  in  private  practice  as  mining  engineer,  Rico,  Colo.  1897-1901, 
in  United  States  surveyor-general's  office,  Denver,  Colo.  1901-1903,  in  private  prac- 
tice as  mining  engineer.  December  14,  1903,  appointed  engineer  in  the  reclamation 
service. 

I^ERY,  Edwin  Howe,  law  clerk.  Address,  Washington,  D.  C.  Born  in  Missouri, 
July  27,  1856.  Graduate  of  Grand  River  College,  Eclinburg,  Mo.  (A.  B.),  of  Law 
Schfjol,  Missouri  State  University  (LL.  B. ),  and  of  Law  School  of  Columbian  Univer- 
sity, Washington,  I).  C.  (M.  L. ).  Prior  to  graduation  from  college  taught  school 
and  farmed.  1877-188^^,  studied  law  and  taught  school  in  California,  and  was 
a<lmitted  to  the  bar.  188:^,  removwi  to  Oregon  and  clerked  in  railroad  office,  land 
deiMirtment.  1885-1891,  clerk  in  office  of  attorneys  having  railroad  and  general 
jiractice,  Portland,  Oreg.,  and  assisted  in  practice.  1891-1894,  engaged  in  law  prac- 
tice, Portland,  Oreg.  1894-95,  on  l)oard  of  examiners.  United  States  Civil  Service 
Commission.  1895-1897,  confidential  clerk  to  Assistant  Comptn)ller  of  the  Treasury. 
Admitted  to  the  bar  of  Unite<l  States  Supreme  Court  in  1897.  1897-1903,  law 
.clerk,  office  of  Comptroller  of  the  Treasury.  May  12,  1903,  law  clerk.  United  States 
Geological  Survey,  reclamation  service. 

Perkins,  Edmund  Taylor,  engineer.  Address,  Los  Angc^Ies,  Cal.  Born  in  Vir- 
ginia, S(^ptenil)er  8,  1864.  Graduated  Union  College;  C.  E.  and  B.  A.,  1885;  M.  A., 
1888.  Fn>m  1885  to  date  with  United  States  Geological  Survey,  except  parts  of  1893 
aiul  1894.  In  1893,  engineer  State  Wagon  Road  Commission  of  Idaho,  equipping 
and  controlling  a  party  which  ran  reconnaissance  lines  for  wagon  roads  over  300 
miles,  through  mountainous  and  unexplored  regions.  In  1894,  United  States  land 
ini<i)ector  of  contract  surveys;  also  undertook  two  a)i> tracts  for  sulxiividing  Govern- 
ment lands.  With  Unitt»d  States  (Teological  Survey,  has  been  in  charge  of  topo- 
graphic, triangulation,  and  leveling  parties;  1897-1898,  extended  triangulation  so  as 
to  l(K-ate  by  latituiie  and  longitude  points  on  boundary  line  between  Idaho  and 
Montana;  also  l)etween  Idaho  and  British  i)OSse88ion8.  July  8,  1902,  appointed 
engineer  in  the  r(*clamation  service  and  placed  in  charge  of  "Yuma  project,"  Colo- 
rado River  district. 
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pETEBst)N,  Otto  Wallace,  engineering  aid.  Boni  in  Oaliforniaf  December  31, 1*^*^1 
Address,  2106  San  Pablo  avenue,  Berkeley,  Oil.  Education,  high  whool  and  I'ai- 
versity  of  California.  In  June,  1903,  was  enumerator  for  United  States  censos:.  Ja 
1899-1901  was  engaged  in  fanning.  In  1902  was  rodman  for  United  States  drainji^ 
survey,  near  Fresno,  Cal.  Since  September,  1902,  lias  l)een  with  United  Stat-.*- 
Geological  Survey  as  hydrographic  aid  at  Los  Angeles,  Cal.,  in  underground-^at»r 
investigation  and  mapping  underground  waters;  also  did  stream  gagging  &zKi  to{*v 
graphic  mapping.     May  4, 1903,  appointed  engineering  aid  in  the  reclamation  servUw 

Place,  Aix)lf  Edwin,  engineering  aid.  Address,  53  Sycamore  street,  St*nif  r^  iil«% 
Mass.  Born  in  (iermany,  De<*.ember  21,  1876.  Matriculated  for  one  yvar  csi  studt-nt 
of  mechanical  engineering  and  for  two  years  aa  student  of  civil  engineering  at  Gf  rman 
technical  universities  of  KarLsruhe  and  Braunschweig.  Graduate  of  Mas9ac*iia:^tt5 
Institute  of  Technology,  1903.  Was  mechanic,  machinist, and  draftsman  for  tmr. aisl 
one-half  years  in  Hamburg,  Germany.  In  1901  was  assistant  field  hydro^rapher, 
Unitetl  States  Geological  Survey;  also  civil  engineer  and  surveyor  in  Boston,  MaA>. 
July-September,  1901,  employetl  by  city  of  New  York  to  make  investigation!^  M 
tributaries  of  Hudson  and  Housatonic  rivers,  with  reference  to  future  sapply  of 
New  York  City.  Febniary-October,  1902,  civil  engineer  with  Pierce  A  Banit^ 
Boston.     June  17,  1903,  appointed  engineering  aid  in  the  reclamation  service. 

Porter,  Artihr  Peabodv,  engineering  aid.  Address,  Newton,  Lower  Falls,  Ma^^^ 
Education,  public  whool,  including  high,  Exeter  Academy  and  Massachusettts  Inyii- 
tute  of  Technology.  June  6,  1903,  appointed  engineering  aid  in  reclamation  ser\-itv 
and  served  June  ti)  August  on  stream  gaging  on  Long  Island  and  miscellaneous 
work  at  AVashingtoii,  D.  C. 

Porter,  Sam  Graham,  engineering  aid.  Address,  1700  Congress  avenue,  Austin, 
Tex.  Born  in  Kyle,  Tex. ,  Septeml)er  1 ,  1875.  Educated  at  Baylor  University  ( A.  B.. 
1898),  University  of  Chicago  and  Massachusetts  Institute  of  Technology  ( B.  S.,  190:> '. 
1898-1901  taught  in  Antioch  public  school,  Enon,  Tex.,  East  Texas  Instituto,  Ruj'k. 
Tex.,  and  Central  High  Scliool,  Waco,  Tex.  June  10,  1903,  appointeil  engineering 
aid  in  reclamation  service.  United  States  (ieological  Survey. 

Prall,  Carlos  Theodore,  assistant  engineer.  Address,  69  Alfred  street,  Detroit, 
Mich.  Born  in  Michigan,  February  20,  1871.  Attended  public  schools  in  I>etn»ii 
and  Ypsilanti,  Mich.,  until  June,  1H8<).  Began  work  for  hydrographic  branclu 
United  States  Geological  Survey,  March,  1899,  on  Gila  River,  Arizona.  Traa--- 
f erred  to  Uinta  Indian  Reservation,  Utah,  September,  1899;  stationed  there  until 
August,  1902.  I^evelmun,  transitman,  and  in  charge  of  stream  measurements  under 
Cyrus  C.  Babb.  Transfern*d  to  Montana  August,  1902.  In  charge  of  lioring  i»art>. 
also  plane-table  surveys  and  stream  measurements  at  St.  Mary  dam  site,  SepteiiilM»!- 
October,  1902.  Transferred  to  Nevada  November,  1902.  In  charge  topo|?raphii' 
party  on  Truckee-C-arson  survey  until  May  1,  1903.  Transferred  to  Montana  May 
15,  1903.  June-Noveml)er,  1903,  in  charge  of  boring  party,  also  plane-table  surveyss 
and  stream  measurements  at  St.  Mary  dam  site.  June  1,  1903,  appoint^  aHsistant 
engineer  in  reclamation  service. 

Pressey,  Fra.nk  Ethelbert,  engineering  aid.  Address,  487  ITnion  street,  BaQgi>r. 
Me.  Born  in  Maine,  April  28,  1879.  Education,  common  school,  and  graduati' of 
University  of  Maine,  1902;  ('our-^e  in  civil  engineering.  1902-3  assistant  hydnnr- 
rapher  in  Geologicjd  Survey.  May  11,  1903,  appointe<l  engineering  aid  in  the 
reclamation  service. 

Pritchett,  ('harlks  ]MAR<'KLLrs,  as.*<istant  engineer.  Address,  Washington,  I).  ('. 
Born  in  Georgia,  Augutjt  10,  ]8(i9.  Educ^ition,  (ieorgia  S<'h(K)l  of  Te<'hnoU)gy  (B.  S.. 
1891);  Agricultural  and  Mechanical  (\)llcgeof  lialeigh,  N.  C.  (M.  E.,  1894,  and  U.  K.. 
1895);  also  took  8|H.M'ial  course  in  experimental  engineering  at  Cornell  University. 
Meinl)er  of  Am(»ri<»an  Society  of  Civil  Engineers.  1891-1900  iissistant  profefleur  of 
engineering,  Agricultural  and  Mechanical  College.     1900-1902  with  I).  A.  Tompkins 
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C-ompany,  Charlotte,  N.  C,  in  chai^  of  HurvevH  for  development  of  water  powers;  pre- 
{>ariii(^  plans  for  cotton  mills,  cotton-seed  oil  milli?,  etc.,  and  in  charge  of  installation  of 
machinery  for  cotton  mill.  April- August,  1902,  with  W.  C.  Whitner,  Kock  Hill, 
S.  C  (chief  engineer  Catawba  Power  Company),  in  charge  of  survey  for  Catawl)a 
l\>wer  Company,  and  survey  for  railroall  line  from  Rock  Hill  to  Seaboard  Railroad, 
also  preparing  plans  for  water-power  development  on  Wateree  River.  August- 
()ct<>l)er,  1902,  with  J.  E.  Sirrine,  milling  engineer,  Greenville,  S.  C,  in  power 
<lei)iirtment.  October,  1902,  to  January,  1903,  assistant  engineer.  United  States 
CJcological  Survey,  locating  and  determining  available  water  powers  in  North  Carolina 
and  South  Carolina.  January  12,  1908,  appointed  assistant  engineer  in  the  reclama- 
tion service. 

(.^I'lNTON,  JoHx  H.,  (X)nsulting  engineer.  Address,  Los  Angeles,  Cal.  Born  in  Ire- 
land, October  19,  1850.  Educated  at  (Queens  College,  Belfast,  and  Queens  College, 
(lalway,  Ireland.  Degrees,  B.  A.  and  B.  E.,  Queens  University,  Ireland.  1860-1866, 
at  Portora  Royal  St^hool,  Ennis  Killen,  Ireland;  1866-1868,  at  Queens  College,  Bel- 
fast, Ireland;  1868-1871,  at  Queens  College,  Galway,  Ireland.  In  1873  spent  six 
months  as  leveler  on  construction  of  a  railway  in  Sligo,  Ireland,  and  three  months 
as  leveler  on  Fresno  River  canal,  California.  In  1874  leveler  on  topographic  survey 
of  Burlingame  tract  near  San  Francis<«o,  and  leveler  and  transitman  on  S<^uthem 
Pacific  Railway,  with  which  company  he  remained  until  June,  1876.  In  1877  sur- 
veying and  leveling  in  San  Joaquin  Valley,  California.  1878-1880,  assistant  engineer 
in  change  of  location  and  construction  on  South  Pacific  ('oast  Railway,  (/alifornia. 
In  1880engineerin  charge  of  constmction  of  80  miles  of  Oregonian  Railway.  1881-1884, 
assistant  engineer,  principal  assistant  engineer,  and  acting  chief  engineer  Pacific 
Branch  Mexican  Central  Railway.  1884-1888,  in  private  pra<'tice  as  civil  and  hydraulic 
engineer  in  southern  California.  1888-89,  assistant  engineer  in  War  Department  at 
Portland,  Oreg.  1890-1892,  field  engineer  for  Hoffman  &  Bates,  bridge  builders, 
Portland,  Oreg.  1892-93,  principal  assistant  engineer  in  charge  of  location  and  con- 
struction of  Santa  Ana  canal,  California.  1894-1897,  in  private  practice  as  consulting 
engineer  in  Loe  Angeles,  Cal.  1898,  engineer  in  charge  of  construction  of  San  Gabriel 
l>ower  canal,  including  36  tunnels  and  other  works.  1899-1900,  deputy  city  engineer 
in  charge  of  construction  of  Third  street  and  Broadway  tunnels,  Ix)S  Angeles.    1900- 

1902,  in  private  practice  in  Los  Angeles,  Cal.  1902-3,  consulting  engineer  with 
United  States  Geological  Survey.  May  5,  1903,  appointed  consulting  engineer  in  the 
reclamation  service. 

Rbdm A N%  A RviLLE  C. ,  assistaut  engineer.  Address,  Ijawton ,  Okla.  Born  in  Belfast, 
Me.,  January  16,  1877.  Graduate  of  Massachusetts  Institute  of  Technology;  B.  S., 
1900.  June,  1900,  to  July,  1900,  draftsman  for  Edward  L.  Raymond,  land8cai)e 
architect,  Boston,  Mass.  July,  1900,  to  June,  1903,  employed  on  sewage-disposal 
Hystem,  Washington,  D.  C,  designing,  estimating,  and  construction  work.     June  1, 

1903,  appointed  assistant  engineer  reclamation  service. 

Redmond,  HuciH,  engineering  aid.  Address,  Livingstone,  Ariz.  Born  in  New 
York  State,  October  18,  1880.  Education,  common  school,  high  school,  Cornell 
Cniversity;  degree  C.  E.  Specialized  in  hydraulic  engineering  at  Cornell.  During 
vacations  from  college  did  civil  engineering  work  in  farm  surveys,  relocating  lines 
and  laying  out  roads  and  building  sites.  During  summer  of  1902  assisted  in  surveys 
for  dam  on  Sixmile  Creek,  for  a  pi})e  line  from  dam  to  pumping  station,  survey  of 
Rite  for  pumping  station,  and  pipe  line  connecting  pumping  station  with  the  city 
mains.  Also  assisted  in  survey  of  filter  plant,  including  location;  also  survey  of 
Tanghannock  Creek  for  reservoir  siU*,  dam,  and  iK)wer  station.  May  23,  1903, 
appointed  engineering  aid  in  the  reclamation  service. 

Reed,  Howard  Sawyer,  assistant  engineer.  Addrt».ss,  Fort  Duchesne,  Utah.  Born 
ill  Maine,  April  27,  1869.  Education,  common  and  high  school  in  home  town. 
1885-1894,  in  mercantile  business  in  Boston,  Mass.     1894-1897,  with  Moore  <&  Co., 
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Boston,  engineers  and  constructors  of  waterworks  on  various  project?  throog^hoot 
Maine  and  Massachusetts.  1897-1902,  with  the  Nicaragua  and  Isthmian  Oan&l  0»ai- 
mission  as  assistant  hydrographer,  spending  three  years  in  hydrographic  work  on  the 
Nicaraigua  route.  1902,  assisting  in  the  preparation  of  the  report  on  the  Salt  River, 
Arizona,  project,  and  tlie  annual  report  of  the  hydrographic  division  of  the  Unite"! 
States  Geological  Survey.  June  28,  1902,  appointeil  resident  hydrographer  for  w<»rk 
on  the  Uinta  Indian  Reservation,  and  May  28,  1903,  assistant  engineer  in  tlie  rei*la- 
mation  service. 

Reed,  Wendell  M.,  engineer.  Address,  Roswell,  N.  Mex.  Bom  in  Moriah, 
N.  Y.,  December  28, 1864.  Graduate  of  Sherman  Collegiate  Institute,  Moriah,  N.  Y., 
and  of  University  of  Vermont,  receiving  degree  of  C.  E.  at  latter  in  1886.  Has  prac- 
ticed irrigation  engineering  since  1889.  1889-1893,  assistant  engineer  Pecos  Irriga- 
tion and  Improvement  Company,  Carlsbad,  N.  Mex.  In  1893  was  resident  engineer 
on  construction  of  distributing  reservoir  and  made  surveys  and  plans  for  Hondo  res*- 
ervoir  dam,  head  works,  canals,  etxi.,  for  the  same  company,  la  1894  became 
engineer  and  water  superintendent  of  Roswell  Land  and  Water  Company,  Roewell, 
N.  Mex.,  and  retained  this  position  until  1898,  when  he  became  chief  engineer  f«»r 
Pecos  Irrigation  and  Improvement  Company,  which  position  he  held  until  19IH.'. 
During  this  time  acted  as  expert  for  the  Rio  Grande  Dam  and  Irrigation  Comiiany 
in  their  suit  against  the  Department  of  Justice  concerning  the  naNdgability  of  Rio 
Grande  and  the  impounding  of  waters  of  Rio  Grande  in  New  Mexico.  In  1900  6s5Ul>- 
lished  office  in  Roswell,  N.  Mex.,  for  general  irrigation  engineering  practice. 

Reedy,  Oliver  Thomas,  assistant  engineer.  Address,  Livingstone,  Ariz.  Bom 
March  10, 1873,  at  Nebraska  City,  Nebr.  Graduate  of  University  of  Nebraska  in  (\  K 
1898-1900,  with  L^nion  Pacific  Railroad  as  chainman,  rodman,  assistant  draftsman, 
and  draftsman.  1900-1902,  in  engineering  department  of  United  States  military- 
government  of  Cuba  as  topographical  draftsman  in  charge  of  office  work  by  the  sa\>- 
department  survey  of  fortifications.  July-September,  1902,  with  Mexican  Centrul 
Railway  as  topographer  and  transitman.  October  17,  1902,  appointed  assistant  engi- 
neer in  reclamation  service  and  assigned  to  topographic  work  in  Salt  River  Valley, 
Arizona.     In  Octol>er,  1903,  assigned  to  duty  as  locating  engineer  on  power  canal. 

RoBBiNs,  Samuel  B.,  engineer.  Address,  Great  Falls,  Mont.  Born  in  Connecticut, 
October  15,  1867.  Private  school,  high  school,  and  college  education:  graduate  of 
Sheffield  Scientic  School  of  Yale.  In  1886  was  chainman  with  Union  Pacific  Rail- 
way. In  1887  was  with  Burlington  and  Missouri  River  Railroad  as  rodman,  leveler. 
and  assistant  engineer.  1887-88,  assistant  engineer  on  Poughkeepsie  Bridge  s^'stem. 
August-Noveml)er,  1889,  masonry  engineer  on  Lehigh  V^alley  Railroad;  then  with 
Union  Pacific  Railway  as  assistant  engineer  on  surveys  till  April,  1890;  then  in 
charge  of  construction  on  Ogden-Buttc  line.  Bear  River  Canyon  to  Deweyville; 
afterwards  in  charge  of  construction  between  Portljind  and  Seattle  (work  unixMii- 
pleted).  In  June,  1801,  opened  civil-engineering  office  in  Great  Falls,  Mont.,  mak- 
ing a  specialty  of  irrigation  work.  Continued  in  general  engineering  practice  until 
June,  1897,  when  he  was  employed  by  Boston  and  Montana  Mining  Company,  at 
Butte,  in  charge  of  water  supply  and  construction  work.  Resigned  August  1,  ISJ^S, 
to  take  position  as  mine  superintendent.  Resigned  October  1,  1899,  and  returneil  to 
Great  Falls  and  resumed  private  practice,  having  charge  of  construction  and  niakin? 
surveys  on  several  large  reservoirs  and  irrigation  canals.  July-October,  1902,  made 
reconnaissance  for  reclamation  service  in  central  Montana.  June  8,  1903,  appointe<i 
engineer  in  the  reclamation  service. 

Ross,  Douglas  William,  engineer.  Address,  Boise,  Idaho.  Born  in  Ontari<», 
Canada,  Decomlx^r  7,  1865.  Education,  Collegiate  Institute,  St,  Thomas,  Ontario, 
1881-83.  First  engineering  work,  1883-84  on  public  surveys  of  Canada  on  North 
and  South  Forks  of  Saskatchewan  River,  Territory  of  Alberta.  1886-1889,  inftra- 
ment  man  and  topographer  on  railroad  construction  and  location.     1900,  topographer 


KKWBU.1  PERSONNEL   OF   THE   SERVICE.  341 

United  States  Geological  Survey  and  inchai^geof  location  of  New  York  canal  in  Boise 
Val  ley,  Idaho.  1 89 1 ,  i  n  d la rge  of  main tenance  of  Phyllis  canal  in  Boise  Val ley.  1 892, 
resident  engineer  in  charge  of  constniction  of  Sunny  side  canal  in  Yakima  Valley, 
Washington.  1893  in  charge  of  construction  of  Riverside  canal  in  Boise  Valley.  1893- 
1S96,  in  general  charge  of  operation  of  canal  system  of  Payette  Valley  Irrigation  and 
Water  Power  Company,  Idaho.  1896-1898,  manager  hydraulic  mining  operations 
of  Pioneerville  Gravel  Gold  Company,  in  Boise  Basin,  Idaho;  also  engaged  during 
same  time  in  investigation  of  irrigation  projects  in  southern  Idaho.  March,  1899,  to 
March,  1903,  State  engineer  of  Idaho,  and  besides  discharging  duties  of  that  office 
had  charge  during  1900,  1901,  and  1902  of  investigations  determining  the  duty  of 
water  in  irrigation  in  Idaho,  under  United  States  Department  of  Agriculture.  July, 
1901,  to  July,  1902,  conducted  reservoir  and  canal  investigations  in  cooperation  with 
United  States  Greological  Survey,  and  since  carrying  on  these  investigations  under 
reclamation  service. 

Russell,  William  Gardner,  hydrographer.  Address,  Russell,  Kans.  Born  in 
Ohio  May  17,  1850.  Education,  common  schools.  Plains  Seminary,  commercial 
college,  student  of  civil  engineering  at  National  Normal  School,  Lebanon,  Ohio;  min- 
ing, electrical,  and  stationary  engineer  courses  in  correspondence  school.  1868-1871,^ 
1875-1878,  was  teacher,  principal,  and  superintendent  of  schools.  1878  admitted  to 
bar  of  Ohio  and  practiced  law  until  1882.  Admitteil  to  bar  of  Kansas  in  1883. 
1885-1903,  surveyor  of  Russell  County,  Kans.  1892-1902,  bridge  engineer  of  Russell 
County,  Kans.  1895-96,  engineer  of  Kansas  State  board  of  irrigation.  1895-1902, 
hydrographer.  United  States  Geological  Survey.  September  15,  1902,  appointed 
hydrographer  in  the  reclamation  service. 

Sanders,  William  Horatio,  consulting  engineer.  Address,  Los  Angeles,  Cal. 
Born  in  Scotland  July  12,  1842.  Educated  in  Edinburgh,  Scotland.  1886-1887, 
general  engineering  practice,  chiefly  in  northern  Minnesota.  1887-1903,  hydraulic 
and  sanitary  engineering  in  southelm  California  as  follows:  Ten  years  engineer 
Pomona  Land  and  Water  Company,  water  development  and  irrigation;  chief  engineer 
San  Antonio  Light  and  Power  Company,  designing  and  constructing  the  historical 
San  Antonio  power  plant;  consulting  engineer  for  South  Riverside  Land  and  Water 
Company,  also  Santa  Ana  and  Anaheim  Water  Company;  designed  and  constructed 
system  of  sewer  and  septic  tanks  for  city  of  Pomona,  Cal.  1899-1903,  (thief  engineer 
for  San  Antonio  Water  Company,  irrigation  works;  designed  and  constructed 
Ontario  power  plant.  May  15,  1903,  appointed  consulting  engineer  in  reclamation 
service. 

Sands,  Edward  Emmet,  assistant  engineer.  Address,  Sparta,  Wis.  Born  in  Ohio, 
January  5,  1877.  Graduate  of  University  of  Wisconsin;  B.  S.  in  C.  E.  July- 
November,  1898,  rodman  with  United  States  Geological  Survey.  June-November, 
1899,  levelman,  United  States  Geological  Survey.  1900-1902,  instructor  in  civil 
engineering  at  University  of  Wisconsin;  also  in  charge  of  gaging  of  Wisconsin  River. 
During  the  same  period  wa«§  also  city  engineer  of  Sparta,  Wis.,  and  designed  sewer 
system  and  supervise<l  construction  of  sewers  and  pavements.  July-September, 
1902,  in  charge  of  survey  of  an  electric  road  from  Sparta  to  Melrose,  Wis.  August, 
1902,  had  charge  of  survey  of  Tomah,  Wis.,  and  designed  sewer  system  and  estab- 
lishe<l  grades.  September  8,  1902,  appointed  assistant  engineer  in  the  reclamation 
service. 

Saph,  Augustl's  Valentine,  assistant  engineer.  Address,  Reno,  Nev.  Educa- 
tion, University  of  California,  B.  S.,  1894,  and  M.  S.  1896;  Cornell  University,  M.C.E., 
1901;  Ph.  D.,  1902.  1896-1900,  instructor  in  drawing,  University  of  California. 
1900-1902,  engaged  in  experimental  work  at  Cornell  University  on  resistance  to  flow 
of  water  in  pipes,  details  of  which  were  published  in  Transactions  of  the  Ameri- 
can Society  of  Civil  Engineers,  vol.  47,  April,  1902,  p.  295,  and  Proceedings 
American  Society  of  Civil  Engineers,  May,  1903,  p.  419,  both  of  these  articles  having 
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been  written  in  collaboration  with  Mr.  E.  W.  Sehwier.  In  1902  as8i8te<i  in  makin;: 
calcuIationH  for  a  proi)08(^l  dam  at  Ithacn,  N.  Y.  1902-3,  inBtructor  in  civil  eiuK- 
neering  at  University  of  C'alifornia.  May  25,  190:i,  api)ointecl  aflsintant  eiiginet-r  lU 
the  rtH'laniation  wrviee. 

Sar(JEaxt,  William,  engineer.  Address,  Reno,  Nev.  Bom  in  England,  Decvni- 
l)er31,  1861.  Education,  English  grammar  school,  finished  in  Xeuwie<l,  Ciermanx. 
1886-1888,  draftsman  on  city,  topographic,  and  general  surveying  in  Kmtliem  Cali- 
fornia. 1888-89,  a.s8istant  engineer  under  War  Dei>artment,  at  Portlaml,  On-j 
1889-iH),  on  preliminary  railroad  surveys  in  Waaco  County,  Orej?.  1890-1892,  t«i}M-j- 
nipher  on  railroad  lines  in  Washington  and  Oregon.  1892,  on  canal  hxation  a:j  1 
conwt ruction  in  southern  California.  1893-94,  engineer  in  charge  of  relocation  a:.d 
construction  of    canal,   Crafton   Water  Company.     1894-95,   draftsman.     189.T-i#.. 
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superintendent  Palm  Valley  Water  Company.  1896-1902,  water  distributor  aji< 
engineer  under  receiver  for  B.  V.  I.  Co.  1902,  field  assistant,  United  States  (tet>l«^- 
ical  Survey.  May  25,  1903,  appointed  assistant  engineer  reclamation  ser\-ice.  and  ••r. 
November  25,  1903,  promote<l  to  engineer. 

Sargent,  Joseph  Andrews,  assistant  engineer.  Addres^s,  office  of  district  engiiHvr, 
Chaml:)er  of  Commerce  Building,  Denver,  Colo.  Born  at  Escanaba,  Mich.,  Septen.- 
ber  29,  1872.  Graduate  B.  S.  in  C.  E.,  University  of  Nebraska.  Associate  meuil^r 
American  Society  of  Civil  Engineers.  From  1888  to  1898,  when  not  in  coUt-j*-. 
8erve<l  variounly  as  axman,  rodman,  chain  man,  leveler,  topographer,  and  transit  nKiii 
on  railroad  location,  construction,  maintenance  of  way,  freight  dock  constroctiua. 
and  Mis.sissippi  River  incline  building.  Serveti  during  Spanish-Anieric^an  war  a:* 
sergeant,  Second  Uniteil  States  Volunteer  Engineers,  on  camp  sanitation  and  i*-a:er 
8upi>ly.  Had  charge  of  party  of  engineer  soldiers  on  preliminary  survey  of  HaN-a'iJ 
and  vicinity.  1899-1902,  as  assistant  engineer  to  the  chief  engineers  of  Unite<l  Siatt> 
military  government  of  Cuba,  organized  and  directed  fortification  and  toixD^rapluc 
surveys  of  Havana.  October,  1901,  to  April,  1902,  also  organized  and  completetl  :i 
reconnaisnance  survey  of  the  island  of  Cuba.  July-October,  1902,  division  engine«-r 
on  construction,  Mexican  Central  Railroad.  Decemlier  3,  1902,  appointe<l  af^ist^nt 
engineer  reclamation  service. 

Saunders,  Henry  J.,  engineering  aid.  Address,  Washington,  D.  i\  Born  in 
Iowa,  January  14,  1880.  Graduate  of  University  of  W'isconsin,  C.  E.  In  1891),  with 
Union  Pacific  Railroad.  1899-liK)0,  with  city  engineer,  Ma<iison,  Wis.  WHiO,  with 
Union  Pacific  Railroad  in  Utah  and  Wyoming.  1900-1901,  on  surveys  of  I^kc^  M»n- 
dot:i  and  Kegonsa,  Wisconsin.  1901,  on  survey  for  water-supply  system  for  Cnin- 
berland,  W'yo.  1901-2,  with  Union  Pacific  Railroad  in  Kansas.  1903,  with  Unit>n 
Pacific  Railroad  as  assistant  engineer  on  double  track  construction.  January  21 ,  ISH^, 
api)ointed  engineering  aid  in  reclamation  service. 

Sava(.e,  Hiram  Newton,  consulting  engineer.  Address,  National  City,  CaL 
Educaticm,  New  Hampshire  College  of  Agriculture  and  Mechanical  Arts,  B.  S.: 
Thayer  School  of  (Mvil  P^ngineering,  C.  E.  In  1888  with  Nashville  and  Tellico  liail- 
way;  also  same  year  engineer  to  Athens  (Tennessee)  Improvement  ConijMiny  and 
engagt^d  in  field  work  connected  with  location  and  construction  of  streets,  street  rail- 
ways, and  municipal  water  system  for  Athens.  1889-90,  a^istant  enginet»r  an<l  chit-f 
engineer  for  Hydraulic  Mining  and  Irrigation  Company,  operating  in  New  Mexioi. 
In  1890  engineer  and  superintendent  of  construction,  Billings  Park  and  race  track. 
White  River  Junction,  Vt. ;  also  ^lesigned  and  located  sewerage  system  for  We^t 
I^ndolph,  Vt.  1S91  to  1903,  chief  engineer  San  Di^o  Land  and  Town  Comj*any. 
1891,  engineer  in  charge  of  maintenance  and  operation  of  Sweetwater  dam,  San  Dit^^K 
Cal. ;  chief  engineer  National  City  and  Otay  Railroad  Company,  California.  1s\Kk 
designed  and  superintended  construction  of  Sweetwater  Park  and  race  track,  Naticiual 
City,  Cal.  1S95  designed  and  8uj)erintended  construction,  repairs,  an<l  ailditioii.^ 
incretusing  capa<tity  of  Sweetwater  dam.     1898,  designed,  installed  pumps  for,  and  has 
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siiKti  BUiHirvised  distribution  of  an  enii'rgenc'y  supply  of  water  und'cT  Sweetwater 
Hystem.  1893-1898,  consulted  frequently  by  iSouthern  California  Mountain  Water 
Company;  then  appointe<l  permanent  consulting  enginei^f  for  tl)at  company.  1898 
to  date,  consulting  engineer,  general  practice;  chief  engineer  San  Diego,  Pacific  Beach 
and  La  Jolla  Railroad  Company,  and  chief  engineer  San  Diego,  Cuyamac»a  and  F.ast- 
ern  Railroad  Company,  California.  1901-2  maintenance,  etc.,  San  Diego  Flume 
Company;  on  semi  transcontinental  railway  from  Kl  Paso,  Tex.,  to  Pacific  coast; 
associate  engineer  San  Diego  Eastern  Railway  project.  1902  investigations,  etc., 
Otero  irrigation  district,  Coloratlo.  1903  material  contractor's  engineer  for  United 
States  (fovemment  jetty  under  construction  at  entrance  to  San  Diego  Bay.  August 
1,  1903,  appointed  consulting  engineer  in  the  reclamation  service. 

S.WAQE,  John  Luci.\n,  assistant  engineer.  Address,  Madison,  Wis.  Born  in  Wis- 
Cfjnsin  December  25,  1879.  Graduate  of  University  of  Wisconsin,  B.  S.  in  C.  E. 
May  11,  1903,  appointed  engineering  aid  in  reclamation  service,  and  assigned  to  duty 
in  the  State  of  Idaho;  April  1,  1904,  promote<l  to  assistant  engineer. 

Sawyer,  Wilbur  Cyrus,  engineering  aid.  Address,  Washingt<m,  D.  C.  Born  in 
Vermont  May  8,  1877.  Graduate  of  University  of  Vermont,  B.  S.  in  C.  E.  From 
1900  to  1903  was  instructor  in  surveying  and  drawing  at  U'niversity  of  Vermont. 
Summers  of  1900  and  1901,  draftsman  on  steel  construction.  New  York  City.  J\ily 
10,  1903,  appointed  engineering  aid  in  the  reclamation  service. 

Saxton,  Willari)  Roy,  engineering  aid.  Address,  Berlin,  Wit*.  Bfirn  in  Wis- 
consin November  6,  1881.  (rraduate  of  University  of  Wisconsin,  B.  S.  in  C.  E.  In 
1902,  level  man  on  topographic  work  in  North  Dakota,  under  United  States  Geolog- 
ical Survey.     June  11,  1903,  appointed  engini»ering  aid  in  the  reclamation  service. 

Sc'itadler,  Au(5U{jt  H.,  engineering  aid.  Address,  Reno,  Nev.  Ikirn  in  Germany 
March  8,  1879.  Graduate  of  Nevada  State  University,  B.  S.  In  1902  made  stream 
measurements  and  ran  levels  in  Nevada  for  Unite<l  States  Geological  Survey.  April 
20,  1903,  appointed  engineering  aid  in  the  reclamation  service. 

Schlecht,  Walter  William,  assistant  engineer.  Address,  10  River  View  Terrace, 
New  York,  N.  Y.  Born  in  New  York  City,  October  27,  1874.  1891-1897,  at  New 
York  City  College  and  Columbia  University.  Graduated  in  1897  as  civil  engi- 
neer. 1897-1901  with  Nicaragua  and  Isthmian  Canal  commissions  in  Nicaragua, 
Panama,  and  Washington,  D.  C,  in  charge  of  hydrographic  investigations  under  A. 
P.  Davis,  chief  hydrographer.  1901-2  res-i<lent  hydrographer,  United  States  Geo- 
logical Survey,  at  Kingston,  N.  Y.  July  3,  1902,  appointed  assistant  topographer  in 
the  reclamation  service;  January  1,  1904,  designation  changed*  to  assistant  engineer. 

Slichter,  Charles  Sumner,  consulting  engineer.  Address,  Madison,  Wis.  Born 
in  Minnesota,  April  16,  1864.  Kdmration:  Four  years'  science  course  and  one  year 
graduate  study  at  Northwestern  University;  B.  S.  and  M.  S.  Northwestern  Univer- 
sity; research  work  while  professor  of  applied  mathematics  in  University  of  Wistron- 
sin  since  1886.  Since  1894  has  done  special  work  for  United  States  Gef>logical 
Survey  on  motions  of  underground  waters.  Has  published  many  books  and  papers 
on  scientific  and  technical  subjects  which  have  been  printed  in  American  scientific 
and  engineering  periodicals.  Deviseil  and  put  in  use  in  the  field  in  1901  a  new 
method  of  measuring  the  velocities  ot  ground  waters.  Has  been  called  in  consulta- 
tion on  ground  waters  by  United  States  Department  of  Agriculture,  Santa  Fe  Rail- 
road Company,  and  others.  Has  undertaken  the  study  of  the  theory  of  the  plastic 
solid,  which  has  for  one  of  its  objects  the  determination  of  the  distribution  of  stress 
in  earthen  dams,  and  for  this  purpose  has  built  apparatus  for  magnifying  the  rate  of 
motion  of  the  particles  of  plastic  solids  by  the  factor  100,000,  which  apparatus  is  the 
basis  of  the  experimental  study  of  the  distribution  of  stress  in  such  bcxlies.  January 
1,  1903,  appointed  consulting  engineer  in  the  reclamation  service. 

Slonak£R,  Charles  Edward,  engineering  aid.  Address,  I^>s  Angeles,  Cal.  Born 
III  Pennsylvania,  October  27,  1877.     Graduate<l  from  public  schools  of  New  Kingston 
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and  from  the  preparatory  wIkk)!  of  Dickin.«4)ii  Collcgt*.  In  lS9t>-97  taught  a  puhhc 
ffohool.  In  1901  was  api)ointe<l  oliwrver  in  the  Tniteil  States  "Wt^ther  Bureau,  and 
on  April  20,  li;03,  was  tramfferrwl  to  the  reclamation  Her\'ife, 

S.MITH,  CiiABLBH  Bailey,  assistant  engineer.  Address,  Boise,  Idaho.  Bom  in 
Michigan,  May  11,  1879.  Education:  Agricultural  College  of  Utah,  B.  S.  in  C.  E. 
From  May,  1901,  to  April,  1902,  in  charge  of  field  jiarty  for  the  Tellnride  Power 
Comijany,  Provo,  Utah.  May,  1902,  to  Septeml^er,  1902,  inspector  and  dix-ision 
engineer  with  Southern  Pacific  Railroad  at  Fenelon,  Nev.  Septemljer,  1903,  to  Octo- 
ber, 1903,  engineer  in  charge  of  field  work  on  Glenns  Ferry  Canal,  Bliss,  Idalia 
l)e(^ml>er,  1902,  to  Fehruary,  1903,  drafts-man  in  oflSce  of  United  States  surveyor-gen- 
eral, B<jise,  Idaho.  >larch  1,  1903,  to  May  26,  1903,  draftsman  with  reclamation 
service.     Api>ointed  assistant  engineer  May  27,  1903. 

Smith,  Walter  D.,  engineering  aid.  Address,  Redlands,  Cal.  Born  in  California, 
187H.  High  school  education.  1889-1902,  assistant  city  engineer,  Redlands,  CaL 
Apix)inted  engineering  aid  in  reclamation  serN'ice  February  1,  1903. 

SouTHwoRTH,  Clav  IIakpori),  engineering  aid.  Address,  Reno,  Nev.  Boni  in 
Canada,  Septeinlwr  4,  1881.     E<lucation:  High  school;  University  of  Nevada,  degree 

B.  S.  From  July  to  September,  1900,  worked  in  cyanide  plant  near  Bodie,  Cal. 
July-September,  1SK)1,  draftsman  for  Sweetwater  Consolidatetl  Alining  and  Milling 
Company,  making  plans  for  cyanide  plant;  during  part  of  this  time  worked  on  sur- 
veys. Has  been  employed  with  United  States  Geological  Survey  as  nxlman,  levelmaii, 
and  transitman.  May  11, 1903,  appointed  engineering  aid  in  the  reclamation  ser\-ice, 
since  which  date  has  acted  as  plane-table  man  and  chief  of  party. 

Sprigo,  Aldex  M.,  assistant  engineer.  Address,  Phoenix,  Ariz.  Bom  in  Maryland, 
November  16,  1857.  Attended  private  schools  in  Cumberland;  St.  James  College, 
Ilagerstown;  St.  Johns  College,  Annapolis,  and  Johns  Hopkins  University,  Baltimore. 
1877-78,  land  surveying  as  chainman  in  Maryland.  1878-79,  manager  of  plantation 
in  Mississippi.  1879-80,  on  construction  of  railroad  in  western  Maryland  as  rodman 
and  chainman.  1880-81,  with  Baltimore  and  Ohio  Express  Comjjany,  Baltimore, 
and  Fidelity  Title  and  Trust  Company,  same  place.  18S1,  rodman  and  chainman  in 
engineering  department,  Baltimore  and  Ohio  Railroad.  Also,  in  same  year,  on  various 
railroad  surveys  in  West  Virginia  and  Pennsylvania  as  rodman,  instrument  man,  and 
in  charge  of  party.  1881-1883,  mine  surveys  for  Consolidated  Coal  Company  in 
Maryland  as  transitman  and  draftsman.  1883-1902,  with  Baltimore  and  Ohio  engi- 
neering department  as  transitman,  assistant  engineer,  and  division  engineer.  1902-3, 
on  street-railway  construction  and  laying  out  lots  in  Pittsburg,  Pa.  May  28,  1903, 
appointed  assistant  engineer  in  the  reclamation  service. 

Stabler,  Herman,  hydrographic  aid.  Address,  Washington,  I).  C.  Boni  in 
Maryland,  1880,  Graduate  Earlham  College,  Richmond,  Ind.,  B.  S.  C'Ourse  in  irri- 
gation engineering  at  Columbian  University,  Washington,  D.  C,  leading  to  degree 

C.  E.  1899-1903,  instructor  in  mathematics,  Washington,  D.  C.  December  30,  11K)3, 
appointed  hydrographic  aid  in  reclamation  service. 

Stannard,  Jay  D.,  a<<sistant  engineer.  Address,  Denver,  Colo.  Born  in  Michigan, 
July  8,  1855.  Graduate  of  INIichigan  Agricultural  College,  1876.  1876-1888,  farming 
and  surveying  in  Michigan  and  Wisconsin.  1888-1891,  county  sur\-eyor  and  city 
engineer,  Greeley,  Colo.  1891-1900,  assistant  in  department  of  civil  and  irrigation 
engineering,  Colorado  Agricultural  College,  in  charge  of  classes  in  physics,  survey- 
ing, irrigating  engineering,  strength  of  materials,  roofs  and  bridges,  and  drawing. 
1900-1903,  assistant  in  irrigation  investigations.  United  States  Department  of  Agri- 
culture; was  assigned  to  studies  on  Weber  River,  Utah;  Humboldt  River,  Nevada; 
and  Snake,  Big  Lost,  Big  Wood,  and  Little  Wood  rivers,  Idaho.  April  16,  19015, 
appointed  assistant  engineer  in  the  reclamation  service,  and  assigned  to  work  on  the 
Sweetwater  project,  Wyoming. 

Steinkr,  Charles  Roiwlph,  assistant  engine<»r.     Address,  Phoenix,  Ariz.     Bom  in 
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J-^>vitzerlan(l,  OctolxT  2,  1857.     I'xlucatiou:  Three  and  one-half  veara  at  Zurich  Polv- 

tcH-hnic  School,  SwiUerland.     1879-1882,  city  engineer' 8  office,  Zurich,  Switzerland. 

1  H82— 1884,  britlge,  structural,  and  hydraulic  engineering  with  two  concemH  in  France. 

1. 885-86,  two  years  of  travels  to  India  and  various  countries  of  Europe  and  South 

America  for  power  plants,  harbor  construction,  and  railway  projects.     1887-88,  in 

<.  iermany  and  Switzerland,  eighteen  months  on  factory  designs,  and  remainder  of 

time  with  railroad  company  and  on  military  work.     1889-1902,  with  interruptions, 

<1  raftsman,  designer,  translator,  computer,  checker  on  stnictural  and  hydraulic  work 

with  consulting  engineers,  bridge  and  structural  concerns,  railroad  and  jwwer  com- 

\>anies  in  the  Unite<l  States.     June  5,  MK)3,  with  reclamation  8er\'ice  as  expert  designer 

jn<l  Bffiistant  engineer. 

Stevens,  John  Cyprian,  assistant  engineer.  Address,  Station  A.,  Lincoln,  Nebr. 
I^om  in  Kansas,  January  9,  1876.  June,  1902,  to  November,  1903,  was  assistant 
liydrographer  for  United  States  Geological  Survey,  on  stream  measurements,  etc.,  in 
]N(4)raska.  August,  1902,  to  February,  1903,  agent  and  expert  in  irrigation  investi- 
^itions  for  Dejwrtment  of  Agriculture.  November,  1902,  to  March,  1903,  assistant 
State  engineer  of  Nebraska.  March  1,  1903,  apj>ointed  assistant  engineer  in  the 
rt^clamation  service. 

Steward,  Willard  (i.,  assistant  engineer.  Address,  Livingstone,  Ariz.  Bom  in 
California,  March  3,  1861.  (Graduate  of  Michigan  State  Normal  School;  studied 
inechani(tal  drawing  at  Toulane  "University,  New  Orleans;  mechanical  course  at 
^lichigan  Agricultural  College;  C.  E.,  1891,  at  Columbian  University,  Washington, 
D.  C.  From  1885  to  1887  was  teacher,  superintendent,  and  principal  of  schools. 
1H89-1S94,  in  Rewrd  and  Pension  Office,  War  Department.  1894-1897,  Pension 
Office,  Interior  Department.  1897-98,  photographic  and  mechanical  expert  with 
American  Parlor  Kinetoscope  Company.  1898-1902,  Pension  Office,  Interior  Depart- 
ment. 1892-1897  was  with  engineer  corps.  District  of  Columbia  National  Cruard. 
October  10, 1902,  appointed  engineering  aid  in  the  reclamation  ser\'ice.  July  1, 1903, 
promoted  to  assistant  engineer. 

Stockman,  Loris  Richard,  assistant  engineer.  Address,  Milwaukee,  Wis.  Bom 
in  Wisconsin,  November  7, 1876.  Graduate  of  University  of  Wisconsin,  degree  B.  S. 
In  1897  and  1898  taught  school.  During  summers,  while  attending  college,  worketl 
on  farm.  In  1901,  was  levelman  for  United  States  Steel  Company.  In  1902,  with 
K.  \AF.  &  J.  R.  R.,  in  Tennessee;  also,  August-November,  with  I^uisville  Property 
ConifMmy.  1902-3,  with  United  States  Geological  Sur\'ey.  May  5,  1903,  appointed 
assistant  engineer  in  the  reclamation  service. 

Stockton,  Fred,  engineering  aid,  Boise,  Idaho.  Born  in  Missouri,  December  21, 
1880.  Graduated,  University  of  Oregon,  1903,  B.  S.  May-September,  1899,  on 
contract  sur\'eying.  June-November,  1902,  with  C.  M.  Collier,  engineer,  Eugene, 
Oreg.,  doing  general  8ur\'eying  and  engineering.  Noveml)er,  1902,  to  June,  1903, 
devoted  half  time  to  work  with  Mr.  C.  M.  Collier.  Appointed  engineering  aid.  United 
States  Geological  Survey,  June  6,  1903. 

Stockton,  Robert  Summers,  engineer.  Address,  Chamber  of  Commerce  Building, 
Denver,  Colo.  Born  in  Illinois  June  5,  1872.  Graduate  of  Colorado  School  of 
Mines,  degree  E.  M.  In  1892  worked  on  Government  subdivision  survey  near 
Pagosa  Springs,  Colo.  In  1894  engaged  on  Ctovernment  sulxli  vision  survey  near  Delta, 
Colo.  In  summer  of  1896  worked  on  Madison  River,  in  Montana,  for  the  Power  Com- 
pany. During  thesummers  of  1895  and  1897,  in  the  Cripple  Creek  district,  prospecting 
and  studying.  Summer  of  1899,  employed  with  the  engineering  force  engaged  in 
entailing  the  power  plant  on  the  Provo  River,  Utah,  for  the  Telluride  Power  Com- 
pany. Summer  of  1902,  superintendent  of  power  transmission  plant  of  the  Telluride 
Power  Company,  on  the  Provo  River,  Utah.  1895-1903,  professor  of  mathematics 
and  surveying  at  Colorado  School  of  Mines.  June  5,  1903,  appointed  engineer  in 
the  reclamation  service. 
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Stokes,  Hucit  (rREcoRiE,  engim^criiigaid.  Ad<lress,  Denver,  Colo.  Born  in  South 
Carolina  July  25,  1879.  Gradnato  of  Cleinson  College,  degree  B.  S.;  c*oiirge  in 
mechanical  and  electrical  engineering.  From  August  1  to  Novend>er  1,  \9CfJ, 
employeil  by  the  United  States  Creological  Survey  aa  traversemau  and  topogmpher; 
from  January  10  to  July  10,  190ii,  as  field  assistant,  making  stream  measuretneDt^ 
and  recording  observations  or  gage  reading**,  and  on  July  10,  1903,  appointed  engi- 
neering aid  in  the  reclamation  service. 

Storks,  Harry  Asahel,  electrical  engineer.  Address,  Chamber  of  Comniorce 
Building,  Denver,"  Colo.  Born  in  Boston,  Mass.,  January  13,  1861.  G'raduato  of 
University  of  Vermont,  degrcH?  ('.  E.,  in  1882.  In  1882-83  was  on  railway  work  in 
Ohio  and  West  Virginia.  1883-84,  au])erintendent  of  waterworks  at  Burlington,  Vt, 
1884-85,  on  t<)iK)graphic  work  in  Virginia.  1885-1887,  with  Western  Electric  Com- 
pany, New  York  and  Chicago;  l^came  electrician  at  New  York  ami  had  cliai^, 
among  other  project**,  of  laying  cables  from  Nantucket  to  mainland  an<l  from  Cape 
Charles  to  Cape  Henry  for  the  Signal  Corps.  In  1887  was  chief  engineer  for  Pomona 
Land  and  Water  (Company,  California;  had  charge  of  making  and  laying  cement  pijH*, 
of  building  dams,  flumes,  reservoirs,  etc.,  and  of  surveys  for  water-[K)wer  develoj>- 
ment,  etc.,  in  the  Sierra  Madre  Mountains.  In  the  summer  of  1888  laid  the  (Jovem- 
ment  cable  across  mouth  of  Columbia  River  for  the  Western  Electric  Company. 
Left  California  in  1890,  and  after  a  few  months  in  New  York  in  electrical  work, 
accepted  position  of  assistant  pmfessorof  civil  engineering  in  University  of  Venuont. 
Pursued  post-gnwluate  studies  at  Columbia  University  in  1893-94.  In  1892-1899  w&» 
professor  of  electrical  engincn^ring  in  University  of  Vermont,  during  which  time  actetl 
as  consulting  electrical  and  hydraulic  engineer  on  electric  plants  in  Vermtmt.  In  the 
summer  of  1893  did  the  instrumental  work  on  a  survev  of  St.  I^wrence  River  mi<ler 
United  States  Engineer  Corps.  In  1897  was  on  construction  work  on  seacoast  forti- 
fications, including  electrical  installations,  and  during  summer  of  1898  on  the  same, 
and  was  also  chief  ek^ctrician  of  harbor  mines  during  Spanish  war.  1899-190:1,  eUc- 
trical  engineer  under  the  War  Department,  designing  and  installing  electric  plants : 
also  on  river  and  harl)or  impnn'ements.  Meml)er  of  American  Institute  of  KletTtric-a: 
Engineers,  and  Connecticut  and  Boston  societies  of  civil  engineers.  April  18,  19i'o, 
appointed  electrical  engin(?er  in  the  reclamation  service. 

Stratton,  (Jeok(sk  E.,  assistant  engineer.  Born  in  Massiichusetts  Juno  2,  1S7:». 
Education,  Massachusett^j  Institute  of  Technology,  C.  E.  course.  During  suumters 
1891-1893  was  rodman,  transitman,  and  insi>ector  at  Brookline,  Mass.  Sumner  ui 
1894,  rodman  in  lioston  sewer  department.  Summer  of  1895,  rodman  in  Boston 
sewer  department,  in  charge  of  Held  i)arty  on  surveys  and  construction.  1896-lSyS, 
principal  transitman  with  Metropolitan  Sewer  Commission,  Boston,  Mass.  1898-lHitx 
junior  engineer.  War  Department,  Boston  district.  Mem lx»r  Boston  Society  of  Civil 
Engineers;  associate  member  American  Society  of  Civil  Engineers.  June  13,  liMKi. 
appointed  assistant  engineer  in  the  reclamation  service. 

Strickler,  Thomas  Johnson,  engineering  aid.  Addr^^ss,  3428  CampmMl  Strt-ei, 
Kansa^^  City,  Mo.  Born  in  Kansa.s,  May  21,  1883.  Education,  civil  en$rine«;riQ^ 
work  at  Wentworth  Mllitarv  Academv  and  Kansas  State  Universitv.  Diirinsr  sum- 
mers  1899-1901,  aK^^istant  manager  lead  and  zinc  ore  pnxiucing  plants  at  ixalena, 
Kans.,  ami  Joplin,  Mo.  Summer  and  fall  1902,  assistant  division  engineer  on  rail* 
road  construction,  Mexican  Central  liailroad.  Spring,  1903,  recorder  in  reolainatiiHx 
service,  Colorado  River  project.  June  10.  1903,  appointed  engineering  aid  in 
reclamation  service. 

SwKNDSKN,  (iKoR(5K  Lewis,  eugimH^r.  Address,  P.  O.  Box  S.,  Salt  Lake  City,  Viah. 
Born  in  Utah  I)e<vmber  21,  lSf>9.  B.  S.  in  C.  E.,  Harvard  University,  1894.  Dar- 
ing the  summer  of  1893  was  in  tharge  of  a  i>arty  in  Boston  City  Boanl  of  Surveys. 
1 900-1 90 1,  enginerr  <.f  construction  for  a(iue<luct  and  pi|K>  lint»s  for  Hen-uU»rt  IViwer 
Company,  l^)gan,  I'tah.     1901-2,  employed  by  the   l-4i«t  Chance  Canal  Company, 
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C()vo,  Idaho,  as  engineer  of  <lani  in  Boar  River  and  diversion  canal.  April-July,  1902, 
eniployeil  by  North  Extension  (Vnal  (company,  Turner,  Idaho,  as  engineer.  June- 
August,  1902,  engineer  of  projected  reservoir  at  tlie  head  of  Cub  River,  for  Cul)  River 
Reservoir  Conij>any,  Lt»wiston,  Utah.  August-Septenil)er,  1902,  in  charge  of  i>arty 
investigating  Bt*ar  Lake  as  a  storage  reservoir  for  TniUHl  States  Geological  Survey. 
Fall  of  1902,  consulting  engineer  for  aqueduct  pipe  line  and  canal  of  Glenns  Ferry 
I^nd  and  Irrigation  Company,  (^lenns  Ferry,  Idaho.  1902-3,  consulting  engineer 
in  subdivision  of  water  of  Logan  River,  I.K)giin,  Utah.  May  1,  1899,  to  February  7, 
llKKi,  professor  of  civil  engineering  in  Utah  Agricultural  College.  1899-1903,  resident 
hydrographer,  United  States  (Jeological  Survey.  February  7,  1903,  ap{)ointed 
engineer  in  the  reclamation  service. 

SwiPT,  William  Kverett,  engineer.  Address,  Wa<lsworth,  Nev.  Born  in  Con- 
necticut January  1,  1871.  B.  S.,  Massachusetts  Institute  of  Technology.  June- 
August,  1896,  nxlnian  in  engineering  department,  lioston  waterworks.  1895-1899, 
with  Metropolitan  Waterworks,  Bostcui,  as  rodman,  i nst rumen tman,  and  head  of 
I>arty.  1899-1900,  with  Munson  Steamship  Line,  New  York  City.  1900-1903,  assist- 
ant engineer.  Rapid  Transit  Railroad,  New  York  City,  in  charge  of  construction  of 
section  of  subway  under  Forty-secoiKl  street  and  Broadway.  February  24,  1903, 
appointed  engineer  in  the  reclamation  service. 

Tanner,  Caleb,  assistant  engineer.  Address,  P.  C).  Box  S,  Salt  Lake  City,  Utah. 
Born  in  Utah  September  3,  1869.  Graduati^  of  Lawrence  Scientific  School,  degree, 
S.  B.  l.'niversity  education  at  Harvard.  1896-1903,  instructor  in  mathematics  and 
surveying  in  the  Brigham  Young  Academy,  Provo,  Utah.  From  1897  to  1903  was 
city  engineer  of  Provo,  Utah.  At  intervals  during  summers  of  1901-1903,  hydrog- 
rapher for  Unite<l  States  Geological  Survey.  In  1902,  measured  the  flow  and  inves- 
tigated the  seepjige  in  the  Sevier  Valley,  Utah.  February  18, 1903,  appointe<l  assist- 
ant engineer  in  the  reclamation  service. 

Taylor,  Clyde  Victor,  assistant  engineer.  Address,  Reno,  Nev.  Born  in  Cali- 
fornia January  26,  1878.  Education,  University  of  California.  1900-1902  with  hydro- 
graphic  branch  of  United  States  Geological  Survey,  making  stream  measurements  on 
Tnickee,  Careon,  and  Humboldt  rivers  and  their  tributaries;  in  charge  of  partita  on 
survevs  of  reservoir  sites  and  canal  lines  on  those  rivers  in  1901  and  1902.  Has  also 
surveyed  ditch  lines  and  mining  claims,  and  retraced  (Jovernment  subdivision  of 
land  lines  and  surveyed  two  townships  in  Elko  County,  Nev.  January  1,  1903, 
ap(K)inted  assistant  engineer  in  the  reclamation  service. 

Taylor,  Leon  Henry,  engineer.  Address,  Reno,  Nev.  Born  in  Comanche,  Tex., 
October  2,  1863.  Common  and  normal  school  education.  For  eight  years  resident 
hydrographer  for  United  States  Geological  Survey,  engaged  in  measuring  discharge 
of  streams,  surveying  and  computing  area  and  ca{)acity  of  reservoir  sites,  planning 
and  estimating  cost  of  reservoir,  and  diverting  dams  and  weirs.  During  this  time 
was  also  employed  on  survey  and  plans  for  rt^servoir  on  Rot^k  Creek,  and  canal 
system  for  irrigation  of  100,000  acres  of  land  in  Humboldt  River  Valley;  also  on 
surveys  and  plans  for  two  reservoirs  in  lower  Humlx)ldt  River  Valley,  Nevada. 
Km  ployed  at  different  times  from  1886  to  April,  1892,  inclusive,  by  various  land  and 
water  companies  in  California  as  irrigation  engineer,  and  by  Francis  G.  Newlands 
for  Sharon  estate  as  engineer  on  Icxiation  and  designs  of  canal  from  Tnickee  River, 
California  and  Nevada,  to  irrigate  75,000  acres  of  land.  May  to  August,  1892. 
Apix>inted  engineer  in  rec;lamati(m  service  February  11,  1903. 

Taylor,  Thomas  U.,  resident  hydrographer.  Address,  Austin,  Tex.  Born  in 
Texas  January  2,  1858.  Graduate  of  University  of  V'irginia,  d^ree  C.  E.,  also 
M.  C.  Vj.y  Cornell  University.  Has  l)een  with  United  States  Geological  Survey  since 
1897;  has  had  charge  of  all  the  streams  in  Texas,  and  has  keptg8<^ing  stations  on 
the  Pecos,  Brazos,  (/olorado,  Trinity,  and  (juadalupe  rivers;  also  made  special 
iiu*asurements  of  nearly  all  the  s])ring-forme<l  rivers  and  crcH^ks  west  of  the  Colorado, 
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and  a  numl)er  of  those  east  of  tlie  river.  R4.^|x>rt«  of  these  o|>erution&  will  !»e  found 
in  the  Water-Supply  Papers  of  the  Geoloj^ical  Survey,  siKK'ial  reiM)rt  on  Austin  ihun 
water  supply  being  publishe*!  in  Paper  No.  40  of  that  series.  Is  author  of  a  rei>ort 
on  irrigation  systems  of  Texas,  published  as  Water-Supply  Paper  No.  71 .  January  1, 
1903,  a}>ix)inte<^l  resident  hydrographer  in  the  reclamation  service. 

Temple,  Fred  A.,  assistant  engineer.  Address,  Reno,  Nev.  Bom  in  Missouri 
August  10, 1871.  Graduate  of  University  of  California,  C.  E.,  degree  B.  S.  1897-1 899, 
was  instrument  man  for  the  Los  Angeles  Railroad  Company.  1899-1900,  civil 
engineer  for  Independent  Electric  Light  and  Power  Company,  of  San  Francissco. 
1900-1901,  junior  civil  engineer  at  Mare  Island  Navy- Yard.  1901-1903,  assistant 
engineer  in  city  engineer's  office  of  San  Francisco,  Cal.  June  9,  1903,  appointetl 
assistant  engineer  in  the  reclamation  service. 

TiLLiNGHAST,  FREDERICK  HowARD,  asslstant  engineer.  Address,  Washington,  D.  C. 
Born  in  Providence,  R.  I.',  September  19, 1877.  Graduate  of  Brown  L^niversity ,  C.  E. 
In  1899-1900  was  special  student  in  hydraulics  and  sanitary  engineering  at  Massa- 
chusetts Institute  of  Technology.  1900-1901,  instrument  man  for  Chicago  and  Great 
Western  Railway.  May-November,  1901,  assistant  to  J.  F.  Witmer,  civil  engineer, 
Buffalo,  N.  Y.,  making  surveys  for  waterworks,  sewers,  etc.;  alpo  supervised  con- 
struction of  a  waterworks  plant,  including  power  house  and  concrete  reservoir. 
1901-2,  special  a^nt  for  Equitable  Fire  and  Marin  Insurance  Company,  on  map  work. 
February-July,  1902,  draftsman  for  Choctaw,  Oklahoma  and  Gulf  Railroad.  Jnly- 
()ctol>er,  1902,  assistant  to  superintendent  on  (construction  of  masonry  dam  and  power 
house,  on  Catawba  River,  for  Catawba  Power  Company.  October  9, 1902,  appointed 
assistant  engineer  in  the  reclamation  service. 

Turner,  Willis  T.,  topographer.  Address,  Phoenix,  Ariz.  Born  in  New  Jersey, 
April  23, 1869.  Three  years  at  Vineland  High  School.  In  1894  was  station  a.«ei8tant. 
United  States  Geological  Survey;  1895,  traverseman.  1896-1898,  United  States  sur- 
veyor, Indian  Territory  survey.  1898-99,  field  assistant.  Pacific  division,  Uniteil 
States  Geological  Survey.  1899-1903,  topographer.  Pacific  division.  United  States 
Geological  Survey.     June  15,  1903,  transferred  to  reclamation  service. 

Vkatch,  Arthur  Clifford,  assistant  geologist.  Address,  Washington,  D.  C.  Bom 
in  Indiana,  October  26,  1878.  Graduate  of  Rockport,  Ind.,  high  school,  1895;  stu- 
dent Indiana  University,  spring  term,  1896.  1896-1898,  teacher,  Rockjiort  High 
School.  1898,  member  Indiana  University  geological  survey.  January- April,  1898, 
student  at  Indiana  University.  April-June,  1898,  student  at  Cornell  University. 
June-September,  1898,  member  Cornell  geological  survey  of  the  Tertiaries.  1898- 
1900,  assistant  geologist,  Louisiana  geological  survey.  1900,  assistant  in  charge  of 
areal  and  atratigraphic  geology,  Cornell  school  of  field  geology.  1900-1901,  student 
Cornell  University,  and  assistant  in  stratigraphic  geology.  1901-2  consulting  geolo- 
gist, Houston  Oil  Company.  1902,  assistant  in  preparation  of  Louisiana  geolc^cal 
report  of  1902.  1902,  professor  of  geology,  Louisiana  State  University,  and  geologist, 
Louisiana  geological  survey.  November,  1902-3,  special  assistant,  hydrographic 
branch,  in  charge  of  investigation  of  underground  waters  in  northern  Louisiana  and 
southern  Arkansas;  in  charge  of  underground  geology  and  water  problems.  Long 
Island  investigation.  September  20,  1903,  appointed  assistant  geologist  in  the  recla- 
mation service. 

VooRHEEH,  Isaac  Spurr,  assistant  engineer.  Born  in  New  York,  September  18, 
1872.  High  school  and  college  education.  Attende<l  Polytechnic  Institute  of  F.rook- 
lyn,  B.  S.  in  C.  E.  In  1900  did  some  surveying  at  Shelter  Island,  New  York.  1900-1901 
in  employ  of  chief  engineer  of  Central  Railroad  of  New  Jersey  as  draftsman  and 
instrument  man;  also  inspector  in  charge  of  hydraulic  work.  1901-1903  in  engineer- 
ing de|>artment  of  Rapid  Transit  Railway  Commission,  New  York  City,  as  rod  man 
and  draftsman.  January  7, 1903,  appointed  engineering  aid  in  the  reclamation  service; 
January  1,  1904,  promoted  to  assistant  engineer. 
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Walter,  Raymond  F.,  engineer.  AddresB,  Chamber  of  Commert'e  Building,  Den- 
ver, Colo.  Born  in  Illinois,  October  31,  1873.  Graduate  of  Colorado  Agricultural 
ColU^ge,  degree  B.  S.;  postgraduate  course  in  same  school,  C.  E.  In  1894  went  to 
Greeley,  Colo.,  and  since  then  has  been  actively  engage<l  as  irrigation  engineer  and 
surveyor.  Was  county  surveyor  of  Weld  County  for  four  years  and  city  engineer  of 
Greeley,  Colo.,  for  three  years;  also  assistant  State  engineer  of  Colorado  for  three 
years,  having  charge  of  canal  ratings  in  irrigation  division  No.  1.  From  1895  to  190S 
was  engineer  for  many  of  the  large  canal  and  reservoir  companies  in  northern  Colo- 
rado.    May  20,  1903,  appointed  engineer  in  the  reclamation  service. 

Wakner,  George  Littleton,  engineering  aid.  Address,  Washington,  D.  C.  Bom 
in  Ohio,  March  23,  1879.  Completed  half  of  a  five-year  course  at  Columbian  Uni- 
versity, Washington,  D.  C.  1896-1898,  rodman.  Suburban  Ele<!tric  Company,  Akron 
Ohio.  1899-1900,  transitman  on  city  surveys,  Washington,  D.  C.  1901,  topographer 
on  Washington  and  Annapolis  Suburban  Electric  Railway,  Washington,  D.  C.  1901-2, 
computer,  hydrographic  work,  Maricopa  County  water  storage  commission;  also,  same 
year,  computer.  United  States  (ieological  Survey;  also  assistant  in  sewer  division, 
engineer  department  of  the  Distri(»t  of  Columbia.  September  26,  1902,  appointed 
engineering  aid  in  the  reclamation  service. 

Weiss,  Andrew,  assistant  engineer.  Address,  Golden,  Colo.  Born  in  Austria,  July 
18, 1867.  Graduate  of  Colorado  School  of  Mines,  degree  E.  M.  189^1903,  teaching 
mathematics  and  surveying.  During  the  summers  of  1900  and  1901  was  employed 
as  mine  surveyor  by  parties  in  Cripple  Creek,  Colo.  During  the  summer  of  1902 
worked  wnth  party  of  Colorado  and  Southern  Railway  engineers  on  location  of  line 
of  road;  also  on  maintenance  of  way.  June  4,  1903,  appointed  assistant  engineer  in 
the  reclamation  service. 

Weymouth,  Frank  Elwin,  engineer.  Address,  Orono,  Me.  B.  C.  E.,  Uni- 
versity of  Maine  in  1896;  C.  E.,  same  university  in  1899.  1896-97,  sewer  construc- 
tion, Maiden,  Mass.  1897-1899,  waterworks  construction  and  surveys,  Boston,  Mass. 
January  to  August,  1899,  assistant  city  engineer,  Winnipeg,  Manitoba,  and  resigned 
to  accept  position  with  Isthmian  Canal  Commission  on  surveys  for  a  proposed  oceanic 
canal  through  Nicaragua;  was  in  Nicaragua  August,  1899,  to  Octol)er,  1900.  October, 
1900,  to  3^1ay,  1901,  in  Washington  on  same  work.  May,  1901,  to  March,  1902,  with 
the  Guayaquil  and  Quito  Railway  Company,  Ecuador,  South  America,  as  resident 
engineer  on  construction  work.  June,  1902,  to  January,  1903,  with  United  States 
Geological  Survey  on  surveys  in  Montana  and  in  the  Washington  office. 

Whiotler,  John  T.,  engineer.  Address,  Washington,  D.  C.  Bom  at  Newmarket, 
Ohio,  in  1865.  1884-1891,  student,  teacher,  and  principal  of  schools.  1891-1893, 
with  Arrowhead  Reservoir  Company,  of  California.  1894,  prospecting  in  Cripple 
Creek,  Colo.  1894-96,  engineer  for  Cachavi  Mining  Company,  in  Ecuador,  South 
Aineri(».  1895-1897,  structural  steel  draftsman,  designer,  and  engineer.  1897-98, 
in  private  practice  in  New  York  as  structural  engineer.  1898,  draftsman  and  engi- 
neer for  Hamilton  Bridge  Works  Company,  Hamilton,  Canada.  1898-99,  dry  dock 
construction  in  Brooklyn,  N.  Y. ;  also  with  Nicaragua  Canal  Commission  as  drafts- 
man and  computing  engineer.  1899,  United  States  surveyor  under  direction  of  United 
States  Engineer  Corps,  in  hydrographic  surveys  about  Staten  Island  and  Sandy  Hook 
waters  and  upper  Hudson  River.  1899-1902,  with  Isthmian  Canal  Commission. 
April  to  August,  1902,  assistant  engineer  on  preliminary  surveys  and  location  for 
Baltimore  and  Ohio  Railroad  in  western  Pennsylvania.  August,  1902,  to  present 
time,  with  United  States  Geological  Survey  as  engineer  in  reclamation  service. 

White,  Thomas  Brook,  assistant  engineer.  Address,  Portland,  Oreg.  Born  in 
England  December  3, 1860.  English  l^ublic  school  and  collegiate  education,  followed 
by  a  course  of  study  under  private  tutor.  Attended  lectures  at  Heidelberg.  Gradu- 
ate of  Union  College  of  Law,  Chicago,  degree  LL.  B.  1880-1882,  on  Northern  Pacific 
and  Oregon  Pacific  railroads  as  draftsman,  and  later  as  assistant  in  chaiige  of  office. 
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1882-83,  draftsman.  1888-1891,  draftsman  and  dork,  enginec  Portland  waterworks. 
1898-99,  Oregon  Railroad  and  Navigation  Company  as  draftsman.  1899-1900,  fi**l«l 
work,  topographic  draftsman,  Corvallis  and  I'^astern  Railroad,  and  on  connpletion  of 
surv'ey  took  similar  position  with  (loble,  Nehalem  and  Pacific  Railroad.  In  19i"j1, 
similar  position  with  Oregon  Short  Line.  May  1,  1903,  appointed  assistant  engint^-r 
in  the  reclamation  service. 

•   Wiley,   Andrew  J.,  engineer.      Address,   Boise,   Idaho.      Bom  July  15,    186:?. 
Graduate  of  Newark  College  and  of  Delaware  Collt^,  Ph.  B.     1883-1889,  on  rail- 
road and  irrigation  surve,,  s.     1889-90,  with  United  States  Geological  Sur\'ey  on  c^anni 
surveys  in  Snake  River  Valley.     1890-91,  chief  assistant  engineer  Idaho  Minincr  and 
Irrigation  Company.      1892-1899,  chief  and   resident  engineer  Owyhee  Land  ami 
Irrigation  Company.      1899-1900,  in  private  irrigation  practice.      1900-1901,   chit'f 
engineer.   Trade  Dollar  Consolidated    Mining  Company.      1891-1903,    in  gneneral 
hydraulic  engineering  practice.     Designed  and  constructed  ])lant  of  Boise-Payettt- 
Electric  Power  Company,  also  Crow  Creek  reservoir  dam  for  the  city  of  Cheyenn**. 
De8igne<i  power  })lants  for  the  McCloud  River  Electric  Power  Company,  Boise,  Idali<\ 
and  made  preliminary  plans  for  dam  and-headworks  of  Twin  Falls  Land  and  Water 
Company,  on  Snake  River.      April,  1904,  appointe<.l  engineer  in  the  ret^laination 
service. 

Williams,  Harold  S.,  engineering  aid.  Born  in  Wisconsin  May  26, 1878.  Gradu- 
ate of  Phillips  (Wisconsin)  High  School;  special  course  in  engineering  at  Riix>n  0»1- 
lege.  In  1899  was  rodman  and  (;hainman  for  various  imrties.  In  1900,  stakeman 
and  levelman  on  railroad  work.  In  1901  was  draftsman  at  Phillips,  Wis.;  in  s^un*' 
year,  assistant  county  surveyor,  Phillips,  Wis.  In  1902  was  rodman,  chainman,  and 
draftsman  for  various  parties.  September,'  1902,  to  January,  1903,  rodman  in  irri^- 
tion  work.  United  States  Geological  Survey.  January  8, 1903,  appointed  engineerinsz 
aid  in  the  reclamation  service. 

Williams,  Melvin  D.,  assistant  engineer.  Born  in  Iowa  August  5, 187C.  Graduate 
of  Colorado  Agricultural  College.  In  1898  and  1890  was  assistant  engineer,  Wes-t 
Gallatin  Irrigation  Company,  Bozeman,  Mont.;  also,  in  1899,  on  seepage  nieai?ure- 
inents  and  stream  gaging,  Colorado  10xj>eriment  Station,  Fort  Collins,  and  on  same 
work  understate  engineer,  Colorado,  in  1899-1900.  1901,  transitman,  Woods  Instni- 
ment  Company;  also,  same  year,  gager,  Colorado  ICxperiment  Station,  and  rating 
flumes  for  Holly  Irrigation  and  Beet  Sugar  Company;  also,  same  year,  hydrographer 
under  State  engineer,  Colorado.  1901-2,  professor  of  irrigation  engineering  and 
drafting,  Colorado  Agricultural  C'ollege.  1902,  engineer,  Homestead  Irrigation  Com- 
pany, in  Wyoming.  September  17, 1902,  api)ointed  assistant  engineer  in  the  reclama- 
tion service. 

WiSNER,  George  Y.,  consulting  engineer.  Address,  34  West  Congress  stre«.% 
Detroit,  Mich.  Born  West  Dresden,  N.  Y.,  July  11,  1841.  Graduate  of  L'^niverHity 
of  Michigan,  C.  E.,  1865.  1865-1880,  engaged  in  (rovernment  surveys  on  Great 
Lakes  and  Mississippi  River.  1880-1884,  on  surveys  of  Mississippi,  Des  Plaines,  and 
Illinois  rivers  improvements.  1884-1887,  superintendent  of  construction.  Tenth  ami 
Eleventh  United  States  lighthouse  districts.  Since  then  has  been  engaged  in  private 
practice.  1888-1891,  resident  engineerSouth  Pass  Jetty  works  and  chief  engineer  Braziis 
River  Harbor  improvement;  1895-1897,  organized  and  directed  sanitary  department, 
Detroit  Board  of  Health;  1897-1900,  member  TniteJ  States  Board  of  Engineers  on 
Deep  Waterways.  Author  of  (Joodetic  Field  Work,  1883;  Brazos  River  Harbor  Im- 
provement, 1891;  WorthlesH  (Jovernmeut  Engineering,  1892;  Breakwaters,  Sea 
Walls,  and  Jetties,  1893;  Hydraulics  of  Rivers  having  Alluviiil  Beds,  1896;  Sewage 
Disposal,  1896;  Regulation  of  Lake  lA'vels,  1895  and  1899;  Re^Kirt  of  Tnited  States 
Board  of  Engineers  on  Deej)  Waterways,  19(X);  Canals  from  the  (m^at  I^kes  to  the 
Atlantic,  1900.  March  23,  1903,  ai)pointed  consulting  engineer  in  the  reclaniatioo 
service. 
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YoiTN<j,  William  Ernest,  asHistaut  eiij^ineer.  Address,  Salt  I^ake  City,  Utah. 
B.rn  in  Marion,  III.,  Decvnil>er  3,  18t)9.  Public  whool  ami  collegiate  education. 
(fra<luate<i  A.  B.,  Southwest  Baptist  College,  Bolivar,  Mo.,  1889.  1889-90,  roduian 
and  transitman,  loi*ation  and  construction  (t.  &  X.  li.  R.  in  Missouri.  1891-92, 
instnimentnian  and  enginei^r  Boise  City  and  Nain])a  Irrigation  I^nd  and  Luml>er 
Company.  1892,  instrumentnian  Boise,  Nanipa  and  Oyhee  Railroad.  1893-94, 
engineer  B.  C.  &  N.  I.  L.  &  h.  C-o.  1894,  instrumentman  on  Hurvey  for  State  of 
Idaho,  Minidoka  ])roject;  lot^l  engineer,  irrigation  ditches,  OrchardH*  Farms  Reser- 
voir and  Canal  Company.  1895,  busineHs  for  pelf  and  B.  C.  &  N.  I.  L.  <fe  L.  Co. 
1896,  'transitraan  Fort  Hall  Indian  Rest»rvation  irrigation  eurveys;  1897,  engineer; 
1898,  business  for  self.  1899,  locating  and  track  engineer  Pacific  and  Idaho  Nortliern 
Railroad.  1900,  transitman  Oregon  Short  Line  Railroad  in  Idaho,  Ttah,  Wyoming, 
an<l  Montana  location  surveys.  1901,  division  engineer,  construction  Oregon  Short 
Line  Railroad.  1901-2,  division  engineer,  construction  St.  Louis,  Iron  Mountain  and 
Southern  Railniad  in  Arkansa.«i.  1902,  <livision  enjjineer,  construction  Oregon  Short 
I^ine  Railroad.  1902-3,  re^'onnai.-^ance  surveys  for  I'nited  States  on  Flathead  and 
Northern  Cheyenne  Indian  rt^servations.  May,  UK)3,  appointtnl  a.Mi!ii8tant  engineer 
in  reclamation  service. 

2^RN,  Gborcie  Washington,  assistant  engineer.  Address,  Hecla,  Wyo.  Edu- 
cation, high  school,  Iowa  State  College,  degree  B.  C.  Vj.  In  1896  was  rodman  on 
United  States  (leological  Survey.  In  1897,  leva4man,  irrigation  canal  in  AVyoming; 
also  same  year  rodman,  United  States  (Jeological  Survey,  in  Wyoming  and  Kansas. 
1898,  levelman  on  Iowa  Central  Railway;  also  same  year  levelman,  United  States 
(ieologiial  Survey.  1899,  levelman,  Iowa  (-entral  Railway.  1899-1901,  chief  engi- 
n(»er  reservoir  construction  for  Wyoming  Development  Company.  1901-2,  genend 
engineering  work.  1902-3,  resident  engineer  on  construction  of  masonry  dam  for 
city  of  Cheyenne,  Wyo.  July  24,  1903,  apjiointed  assistant  engineer  in  the  reclama- 
tion service. 
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Abncy  level,  kind  used 267 

Aocounta,  claasifiGation  of 50-52 

disallowance  of,  dLscnsHion  of 57-^ 

examplesof 60 

explanations  to,  manner  of  mak- 
ing   60 

engineers  authorized  to  certify 19 

examination  of 58 

suspension  of,  discussion  of.. 67 

examplesof 68 

explanations  to,  manner  of  mak- 
ing   eo 

See  also  Disbursements;  Vouchers. 
Advertisement,  form  of,  for  bids  for 

cement  for  Truckee  Canal. .         20S 
form  of,  for  bids  for  construction  of 
telephone  line  in  Salt  River 

Valley 76 

for  bids  on  Truckee  Canal 186 

sample  of 76 

Advertising,  regulations  concoming. ..      74-^) 
Ahern,  Jeremiah,  biographic  sketch  of.         815 
paper    by,    on    investigations    in 

Wyoming 227-331 

work  in  charge  of 19 

Ahem,  Jeremiah,  Babb,  C.  C. ,  and  Quin- 
ton,  J.  H.,  report  of,  on  sur- 
veys   800-311 

Aids,  salary  and  qualifications  of 28 

Algeria,  alkaline  waters  in,  use  of 257-258 

Alidades,  kind  used aff> 

Alkaline  waters,  use  of,  for  irrigation .  255-25B 
Allotment  of  expenditures.    See  Expenditures, 
classiflcation  of. 

Analyses,  clay 287,288 

limestone 286,287,288 

marl 287 

Andersen,  Christian,  biographic  sketch 

of 815 

Aneroids,  kind  used 266 

Annual  reports,  kind  and  character  of.      48-50 
ApiK)intees,  appointment  of,  conditions 

governing 87^2 

classiflcation  of 27-29,aft^77 

qualifications  of 24-27 

Appointment,  application  for,  method 

ofmaking 42 

method  of 24,20,37-42 

S4'e  aUo  Examinations. 

Appropriation  of  water,  notice  of 108-104 

Arizona,  engineering  force  in 17 

reclamation  work  in 107,128-130 

underground  waters  in,  work  on. . .         117 
See  also  names  of  projects. 
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Amot,  E.  P.,  biographic  sketch  of 316 

Assistant  engineer,  salary  and  (lualifl- 

cationsof 28 

Associations,  formation  of 103-107 

See  also  Salt  River  Valley  Water 
Users'  Association, 
Attendance  at  confc^renco,  list  show- 
ing    9-10 

Auction  Hales,  pnx'edure  for 88 

Auditor,  (•"rcular  of,  regarding  disal- 
lowances    60 

Authorization,  necessity  for 93-96 

Babb,  C.  C. ,  1  liogrtipbic  sketch  of 316 

paper  by,  on  investigations  in  Mon- 
tana   182-186 

work  in  charge  of 18 

Babb,  C.  C,  Quinton,  J.  11.,  and  Ahem, 
Jeremiah,  report  of,  on  sur- 
veys   300-311 

Bailey,  E .  A.,  biographic;  sketch  of 316 

Barbour,  E.  11.,  work  of 118 

Barrels,  water,  kind  used » £67 

Barrows,  11.  K.,  biographic  sketch  of  ..  316 
Battle  Creek,  S.  Dak.,  ros  rv<  ir  sites 

on 212 

Bear  River,  Utah,  investigations  on 216-219 

Bebb,  E.  C,  biographic  sketch  of 316 

Beers,  W.  D.,  biographic  sketch  of 317 

Belle  Fourche  project,  S.  Dak.,  discus- 
sion of 211,212-218 

Bench-mark  posts,  kind  used 2o7 

Bench-mark  tablets  kind  used 266 

Benchmarks,  establishment  of 30fi-304 

Bennett,  S.  G.,  biographic  sketch  of  ...  317 
Bids,  advertisement  for,  far  cement  for 

Truckee  canal 202 

advertisement   for,  for    telephone 

line  in  Salt  River  Valley ....  76 

for  Truckee  canal 186 

method  of  obtaining,  ojiening,  et-c..  72-74 

on  Truckee  canal,  schedule  of 1^-190 

See  also  Contracts;  Pi*oi>osaI;. 

Bien,  Morris,  biographic  sketch  of 317 

paper  by,  on  relation  of  Federal  and 

State  laws  to  irrigation 232-237 

Bighorn  Basin,  Wy o. ,  work  in 110 

Bill  of  lading,  uso  of 61 

Blanchard,  C.  J.,  liiographic  sketch  of .  317 

Blankets,  kind  used 287 

Blinds,  harness,  kind  used 237 

BlLss,  G .  H. ,  biographic  sketch  of 317 

Blythe  estate,  Arizona,  diversion  at 274 

Boards,  dutiosof 31 

Bolster,  R.  H.,  biographic  sketch  of 317 
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Bond,  amount  required 74 

form  of lia-lU 

regulations  concerning 115-116 

See  also  Contracts. 
Bonstedt,  Ferdinand,  bioarraphic  nketch 

of 318 

Bookkeeping,  system  of 50-62 

See  also  Accounts:  Ezpendi»u:*es. 
Boxelder  Creek,  S.  Dak.,  i*esorvoir  sites 

on J:11-212 

Box  compasses,  kind  u  5ed 286 

Brainard,  L.  B,,  biographic  sketch  of  . .         318 
Branch,  L .  Van  N. ,  biographic  sketch  of.         318 

Branding  irons,  kind  used 287 

Bread  pans,  kind  used 268 

Bridles,  kind  used 287 

Brinkley,  M.  H.,  biogi-apliic  sketch  of..         318 

Buckets,  kind  used 287 

Bulls  Head,  Ariz. ,  diversion  at 27.'} 

Burke,  J.  T.,  biographic  sketch  of 318 

California,  engineering  force  in....- 17-18 

reclamation  work  in 107, 15H-159 

Salvation  Army  colony  in 125 

underground  waters  in,  work  on. . .         118 
See  alfny  names  of  projects. 

Call  for  conference,  copy  of 9 

Cameron,  J.  D.,  biographic  sketch  of  . .         318 

Camp,  J.  O . ,  biographic  sketch  of 319 

Camp  equipment,  list  of 267-268 

Canal  surveys,  method  of J»4-J»7, 308-311 

Canals,  capacity  of,  determination  of..  17o,  182 

cross  section  of .'03-3;)9 

curvature  of 316 

risrht  of  way  for 97 

reservation  of,  <'ircular  regard 

ing 101-108 

vekx'ity  in,  limits  of 308 

Canteens  kind  listed 267 

Casteel,  Calvin,  biographic  sketch  of  ..  319 

Ct-'incMit  for  Truckeo  canal,  specifica- 
tions and  advertisement  for 

bids  for 202-204 

manufacture  of. 284-296 

on  Salt  River,  Ariz _• 129 

Cement  material,  cost  of LJiK)-291 

excavation  of ;:<<8-291 

preparation  of,  for  the  kiln 291-296 

Cement  mixture,  composition  and  burn- 
ing of  2»4-2rf) 

Cement  plants,  list  of 296 

Cement  rock,  analyses  of 280 

Chaii-s,  kind  used 267 

Chandler,  A.  E.,  biographic  sketch  of..         319 
CHiaudler,  E.  F.,  biographic  sketch  of . .         319 

Charge  sheet,  use  of 60-62 

Charles,  L.  J.,  biographic  sketch  of 319 

Cheyenne  River,  S.  Dak.,  reservoir  site 

on 211 

Chief  engineer,  addre<*s  by 21-110 

Childs,  E.  R.,  biographic  sket<;h  of 319 

Churchill,  P.  M.,  biographic  sketch  of.         319 
Civil  .'^ervice,  app:)intments  in,  discus- 
sion of. ;r>-4:} 

Civil  Service  Commiasion,  cooperation 

of 36 


Clapp,  S.  K . ,  biographic  sketch  of 390 

Clapp,  W.  B. ,  biographic  sketch  of 330 

Classes  of  employees,  definition  of 36 

Classification  of  employees,  discussion 

of 2T-29.3&-37 

of  expenditures,  instructions  for. .  _      S0-5S 
of  lands,  instructions  concerning. . .  104-108 

Clausen,  J.  C,  biographic  sketch  of :tiO 

Clay,  analyses  of 287,2* 

use  of,  in  cement  manufacture 2o6-dS 

Climato,  effect  of,  on  cajiacity  of  canals .  17T-178 

of  Oregon 213-214 

on  Colorado  River 170 

Coal,  occurrence  of,  in  North  Dakota. .         3> 

Cody,  Wyo.,  project  near 29 

work  near 110 

Colonization,  address  on 123-126 

Colorado,  engineering  force  in 1> 

reclamation  work  in 108, 160-167 

Salvation  Army  colony  in 125 

underground  waters  of,  work  on . . .  1 1!< 
water  appropriation  in,  control  of . .  2ST 
See  also  names  of  projects. 

Colorado  River,  climate  along lit) 

crop  values  along 171 

irrigable  lands  along 171 

navigation  on IW 

reclamation  projects  on 2T2-:i76 

salt  content  of 171 

silt  in 170 

water  supply  of 168-1® 

w'orkalong 107,172 

Committees,  duties  of 33 

littof H 

Communications.   See  Corresjwndence. 

Compas.ses,  kind  used 268 

Condra,Q.E.,workof 118 

Conference.    See  Ogden  conference. 
Construe  tion ,  method  of  undertaking . .  98 

Consulting  engineers,  duties  of 31 

relation  of  district  engineer  and ...  S*"^ 
Contract  for  Truckee  canal,  form  of . . .  200-201 
Contracts,  form  and  number  of  copies 

required 81,1UV112 

regulation  3  concerning 71-74, 1 1 4-1 15 

See  also  Bids;  Prop  t^ils. 
Cooking  utensils,  method  of  obtaining . .  ^v) 

Cooks,  employment  of 33-*» 

Corlett .  B.  E. ,  biographic  sketch  of ©> 

Corners,  restoration  and  rc-marking  of, 

instructions  concerning lOi 

Corro8ix)ndence,  rules  for 43-44 

Cost,  estimates  of,  computation  of fti 

Covert,  C.  C. ,  biographic  sketch  of HBO 

Cox ,  C.  B. ,  biographic  sketch  of 33< 

Cross  section  of  canals,  method  of  de- 
termining  30^-3* 

Cux)s,  kind  used 2»7 

Current  meter,  kind  used 2W 

Curtis,  J.  A. ,  exploration  by !*♦ 

Curvature  of  canals,  limits  of 3U* 

Dam-site  and  reservoir  surveys,  method 

of »»-'»>* 

Dams,  characteristics  of  highest 1* 

correct  design  and  stability  of 240-S*> 
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Darton,K.H., biographic  sketch  of 321 

paper  by,  on  work  of  western  sec- 
tion of  hydrology 117-180 

work  in  charge  of 16 

Davles,  W.  G. ,  biographic  sketch  of 821 

Dayie,  A.  P.,  biographic  sketch  of 321 

paper  by,  on  investigations  in  Ari- 
zona   12K-13I> 

work  in  charge  of 17,18 

DaTia,  E.  I.,  biographic  sketch  of 3S1 

Decker  v.  WiUey ,  decision  in  case  of 330 

Denver,office  at, establishment  of 101-162 

Desert-land  entries,  final  proof  of,  cir- 
cular concerning IIR 

Design  of  high  masonry  dams,  paper  on 

stability  and 244>-24« 

Design8,method  of  making 311 

Devils  Gate ,  Wyo. ,  work  near 226 

Dillon,  R.  P. ,  biographic  sketch  of 321 

Director  of  Geological  Survey,  duties 

of 15 

Disallowances  of  accounts,  discussion 

of 57-50 

examples  of 60 

•explanations  to,  mannt>r   of   mak- 
ing   60 

Disbursements,  general  discussion  of . .  r>2-o7 
See   also   Disallowances;    Expendi- 
tures; Vouchers. 

Disbursing  officers,  duties  of 55-57 

Discharge  measurements.  .SVc  Streams. 

Dish  pans,  kind  used 268 

District  attorneys,  assistance  by 108 

District  engineers,  duties  of 29-31,32 

relations   of  consulting  engineers 

and 24« 

Ditches.    See  Canals. 

Dobson,  F.  S.,  biographic  sketch  of 'HA 

Di)le,  R.  B. ,  biographic  sketch  of 882 

Douglas,  E.  M.,  paper  by,  on  instru- 
ments and  camp  equipment.  265-268 
Downey,  A.  C,  biographic  sketch  of . . .  822 

Drawing  paper,  kind  used 267 

Dredging  cement  material,  method  of.  280-290 

Drivers,  employment  of 30-40 

Dry  Creek,  S.  Dak.,  reservoir  site  on. . .  213 
Duryee,  Edward,    biographic    sketch 

of 822 

Eckel,  E.  C,  paper  by,  on  Portland  ce- 
ment manufacture 284-296 

Efficiency,  standard  of 24-27 

Ehrenberg,  Ariz.,  diversion  near 274 

Eight-hour  day,  law  governing 82 

EU,  E.  S. ,  biographic  sketch  of 822 

Electrical  transmission  of  power  for 

pumping,  paper  on 237-240 

Employees,  appointment  of.  conditions 

governing 37-42 

chisslfication  of 27-29,36-37 

qualifications  of 24-27 

Employment,  applications  for,  method 

ofmaking 42 

See  also  Examinations. 

Engineers,  employment  of 41 

salary  and  qualifications  of 29 
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Engineers  -Continued. 

See  aim/  Assistant  engineers;  Dis- 
trict engineers;  Supervising 
engineers;  Consulting  engi- 
neers; Resident  engineers. 
Entries,  desert-land,  final  proof  of,  cir- 
cular concerning 106 

Evans,  H.  R.,  biographic  sketch  of :tS3 

Ewing,  W.  R.,  biographic  sketch  of ... .         323 

Examinations,  time  and  scope  of 29 

Exiwndablo  property,  definition  of 88 

Expenditures,  allotment  of.  See  Classi- 
fication, below. 

authority  for 93-96 

classification  of 50-52 

monthly  report  of 252 

jSec  also  Disbui'semonts;  Vouchei*s; 
Accounts. 
Express  shipments  and  charge.4,inBtnic- 

tions  regarding 61-66 

Parish,  W.  A.,  biographic  sket<h  of ... .         323 
Federal  and  State  lawp,  I'elation  uf,  to 

irrigation 2:J2-237 

Fellows,  A.  L.,  bic^raphic  sketch  of 323 

exploration  by 164 

paper  by,  on  work  in  Colorado 160-162 

work  inchargeof 18 

Field,  J.  E.,  biographic  sketch  of 323 

paper  by,  on  work  on  North  Platte 

River  in  Wyoming 225-227 

work  in  charge  of 18 

Field  assistants,  employment  of 37-42 

Field  offices,  establishmen  tof 84 

Field  parties,  men  employed  in,  method 

of  appointing 37-42 

Fisher,  C.  A.,  work  of 119 

Fisher,  C.  C. ,  biographic  sketch  of 324 

Fisher,  H.  T.,  biographic  sketch  of :C4 

Fitch,  C.  H.,  biographic  sketch  of 324 

paper  by,  on  conditions  in  South 

Dakota 210-211 

on  investigations  in  North  Da- 
kota   207-208 

work  in  charge  of 18,19 

Flagpoles,  kind  used 267 

Flags,  kind  used 267 

Flood  water,  value  of,  in  determining 

capacity  of  canals 1 78-180 

Floors,  tent,  kind  used 287 

Flow  of  streams,  measurement  of 283-  285 

Flying-line  reconnaissance,  method  of.  :X)2-303 

Forbes,  B.  E.,  bic^raphic  sketch  of 324 

Forbes,  R.  H.,  cited  on  silt  in  Colorado 

River 170 

Forest  reserves,  use  of 120 

Forestry,  relation  of  irrigation  to 120 

Form  9-060,  use  of 61 

Form  9-246,  U£e  of 47,250 

Form  9-263,  copy  of.- 102 

usoof 97 

Form  9-272,  use  of 50-52 

Forms,  examples  of 110-116 

Fowler,  B.  A.,  paper  by,  on  Salt  River 
Valley  Water  Users'  Asso- 
ciation    130-168 
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FaM'e 

French,  J.  A.,  biographic  sketch  of 324 

work  In  charge  of 18 

Fuller,  M.  L.,  biographic  sketch  of diSy 

work  i n  charge  of 16 

Gaging  statioas,  establishment  of 2iV3-2&4 

Gay,  L.  L., biographic  sketch  of 325 

Geological  Survey,  Director  of,  duties 

of 15 

hydrograpliic  branch,  work  and  or- 
ganization of 14-20 

Gila  River,  Ariz.,  work  on 107 

Gilbert,  A.  M.,  biographic  sketch  of  . . .  325 

Giles,  J.  M.,  biographic  sketch  of 325 

Glendive,  Hont.,  irrigation  project  near  5207 
Golden  Dream  dam  site,  Arizona,  inves- 

tigationsat : 274 

Gordon,  C.  E. ,  biographic  sketch  of 325 

Gould, C.N.,  work  of 118,119 

Grades  of  employees,  definition  of 36 

Graduate  chaises  for  packages  sent  by 

express,  table  showing 64-65 

Gi*and  River,  Colo. ,  work  on 108, 1€0 

Granke.L.F., biographic  sketch  of 326 

Green, H.E., biographic  sketch  of !iW 

Green  River,  N.  Dak.,  pumping  plant un  210 

G  roceries,  method  of  obtaining SH 

Grover,  N.  C. ,  biographic  sketch  of 326 

work  in  chargeof 16 

Guernsey,  Wyo. ,  work  near 2^^-226 

Gunnison  River,  Colo.,  work  on.  103, 160, 162-167 

Hall,  B.  M. .  biographic  sketch  of 326 

work  in  charge  of 16 

Hall,  M.R., biographic  sketch  of 827 

Hall,  W.  E., biographic  sketch  of 327 

Hamlin, Homer, biographic  sketch  of..  327 

Hanna,  F.  W.,  biographic  sketch  of 327 

Hansen,  A.  C,  biographic  siet^h  of 327 

Hardesty ,  W.  P. ,  biographic  sketch  of . .  328 

Harley,G.F.,  biographic  sketch  of 828 

Harne8S,kind  used 237 

Harness  blinds,  kind  used 267 

Harney  project ,  Oregon,  features  of 215 

HaiTls,  A.  L.,  biogi-aphic  sketch  of 328 

Hawley,  R.  8.,  biogrraphic  sketch  of 328 

Hay  don,  B.  E.,  biographic  sketch  of 328 

Hays,D  W.,  biographic  sketch  of <Brt 

Head  Gate  Rock,  Arizona,  diversion  at.  273-274 

Hendricks,  E.  D., biographic  sketch  of .  329 

Hewitt,C. E., biographic  sketch  of 329 

Hill,  L.  C,  biographic  s'vetch  of 329 

Hinderlider,  M.  C,  biographic  sketch 

of 329 

Hitchcock, E.  A., biographic  sketch  of. .  14 

Hogue,G.H., biographic  sketch  of 329 

Holgate,  H.  L.,  biographic  sketch  of 329 

paper  by,  on  legal  status  of  irriga- 
tion    296-300 

HoUister ,  G .  B. ,  biographic  sketch  of d^) 

Eolt,L.M.,biographic  sketch  of 330 

Homestead  entries,  instructions  regard- 
ing    104-105 

Hondo  project.  New  Mexico,  dis.'ussion 

of 203 

Horses,  mi»thod  of  obtain  ins; 8^} 

Horton,  A.  H..  biographic  sketch  of 330 


P»ge. 

Horton,  R.  E.,  biographic  sketch  of 830 

work  in  charge  of 16 

Hosford,  C.  E.,  biographic  sketch  of . . .         330 

Houses,  movable,  useof M 

Howell  V.  Johnson,  decision  in  case  of. .  235-2% 

Hoy t,  J.  C,  biographic  sketch  of 33[) 

Huber,  F.  W.,  biographic  sketch  of ^ 

Huffaker,  I.  W.,  biographic  sketch  of . .  331 
Humpherys,  T.  H.,  biographic  sketch  of  TH 
Humphreys,  D.  C,  biographic  sketch  of         331 

Hurd,  H.  C,  biographic  sketch  of 331 

Hydro-economics,  division  of,  organiza- 
tion and  work  of 16 

Hydrographic  branch,  organization  of.      16-19 

work  of 14-J6 

Hydrography,  division  of,  organization 

of 16 

work  of 15 

Hydrology,  division  of,  organization  of  16 

work  of 15 

Idaho,  engineering  force  in 18 

irrigation  conditions  in ITi-llZ 

reclamation  work  in 106. 1 74  -ITS 

India,  iiTigation  in IS 

Information,  method  of  giving  out 45-M 

Instruments,  list  of SSSaST 

requisitions  for 45 

Interior,  Secretary  of.    See  Secretary 
of  the  Interior. 

Irrigable  land  surveys,  method  of SC-^ffi 

Irrigation,  alkaline  waters  for  oae  of  . .  35a- 258 

extent  of 2W 

legal  statusof a6-»0 

normal  development  of 176 

relation  of  Federal  and  State  laws 

to 23S-S37 

of  forestry  to 1* 

pumping  for,  in  North  Dakota 9(18-214^ 

Irrigation  conditions  in  Idaho,  paper 

on 172-iri 

Irrigation  engineers,  Statesappolnting.  SS»SMir 

Irrigation  law,  systems  of fSS 

litigation  pi-o jects,  limits  of ITft-l * 

Irrigation  surveys,  use  of  plane  table 

in  iS&.-S6 

John8on,EUi  ward,  jr.,  biographic  sketch 

of sn 

work  in  charge  of I* 

Johnson  v.  Howell,  decision  in  case  of. .  23&-23f) 

Kansas,  engineering  force  in 1" 

reclamation  work  in 1* 

underground  waters  in,  work  on. ..  1> 

Keddie,  W.  A.,  biographic  sketch  of  . . .         36 

Kerr,  J.  N . ,  biographic  sketch  of Sti 

Kettles,  kind  used 9C 

Keyea,  C.  R.,  work  of It 

Kibbey,  J.  H.,  plan  of,  for  association  in 

Salt  River  Valley las-l*-* 

Kleinschmidt,  H.  S.,  biographic  sketch 

of SC 

Laborers,  employment  of SSMil  41 

Lake  De  Smet  project,  Wyoming,  dis- 
cussion of 2S7-22^ 

Lake.    See  next  word  of  name. 

Lamiw,  kind  used Jfi^ 
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Land,  classification  and  dlTJslon  of,  In- 

Btmctions  conoernin:; 104-106 

purchase  of , 08-100 

title  for,  examination  of 99-98 

withdrawal  of,  method  of 802 

See  also  Desert-land  entries;  Cor- 
ners. 
Land  and  water  titles,  investigation  re- 
garding   lOO-lOl 

Landes,  Henry,  work  of 119 

LAorgaard,  Olaf,  biographic  sketch  of.         832 
Lawson,  L.  M.,  biographic  sketch  of . . .         83S 

Lee,  W.  T.,  work  of 117 

L^al  status  of  irrigation,  paper  on 296-300 

Leighton,  M.  O.,  biographic  sketch  of . .         830 

work  in  charge  of 16 

Lem6nager,  H.Y .,  biographic  sketch  of.         838 
Letters.    See  Correspondence. 

Leveling  rods,  kind  nsed 206 

Levels,  kind  nsed 286 

Lewis,  J.  H.,  biographic  sketch  of 883 

Lignite,occnrrence  of,  in  North  Dakota.         209 

Limestone,  analyses  of 286,287,288 

use  of,  in  cement  manufacture.  285-286,287 
Lippinoott,  J.  B.,  biographic  sketch  of.         333 
paper  by,  on  irrigation  surveys  and 

use  of  plane  table 252-255 

on  methods  and  reports 2jO-262 

on  work  along  Colorado  River. .  168-172 

work  in  charge  of 17 

Litigation,  extent  of 296 

Location  surveys,  method  of 808-311 

Locke  hand  levels,  kind  used 267 

Lootz,  A.  C. ,  biographic  sketch  of 333 

Loup  River,  Nebr.,  irrigation  condi- 
tions on 288^284 

Low-water  supply,  value  of,  in  deter- 
mining capacity  of  canals. . .         180 
M  cConnell,  I.  W.,  biographic  sketch  of.         833 
paper  by,  on  topographic  work  in 
Hie  Qrand  Canyon  of  the 

Gunnison 162 

McDermuth,  Oro,  biographic  sketch  of  834 
Mclntyre,  O.  L.,  bic^n^phic  sketch  of. .  384 
Macpherson,  D.  J:,  biographic  sketch  of  334 
.  Madden,  F.  M.,  biographic  sketch  of . . .  334 
Magruder,  F.  C,  biographic  sketch  of.  .834 
Malheur  project,  Oregon,  features  of . .  215 
Malta  project,  Montana,  description  of        185 

Marl,  analyses  of 287 

use  of,  in  cement  manufacture 286-287 

Masonry  dams,  correct  design  and  sta- 
bility of 240-246 

Material.     See     Supplies;     Contracts; 
Purchases;  Bids;  Proposals. 
Matthes,  G.  H.,  biographic  sketch  of . . .         334 
paper  by,  on  surveys  in  Oklahoma.  268-272 

work  inchargeof 18 

Maxwell,  G.  H.,  work  of 132 

Means,  T.  H.,  jxtper  by,  on  use  of  alka- 
line waters  for  irrigation. . .  25&-258 
Measurement  of  flow  of  streams,  paper 

on 263-265 

Mechanics,  employment  of 40,41 

Meeker,  R.  I.,  biographic  sketch  of 384 

Mendenhall,  W.  C,  work  of 118 


Pago. 

Mess  boxes,  kind  used 287 

Metallic  tapes,  kind  used 286 

Methods  and  reports,  paper  on 250-252 

Milk  River,  Mont.,  canal  proposed  oa, 

description  of 1S4-185 

workon 108 

works  proi>osed  on 183 

Milk  River  project,  Mont.,  conditions 

contro'.liag 182 

Miller,  G.  8.,  biographic  s^ietcli  of 335 

Mining  cement  material,  method  of  . . .         289 

Minutes  of  conferon<'e,  abstract  of 10-14 

Mondell,  P.  W.,  paper  by,  on  work  of 

reclamation  service 127-128 

Montana,  engineering  force  in 18 

reclamation  work  in 108, 182-186 

*See  also  names  of  projects. 
Monthly  report  of  expenditure,  method 

ofmaking 252 

of  progress,  method  of  making £51-252 

Monthly  reports,  character  of 4ft-47 

Monthly  time  r^xxirt,  method  of  making  250, 251 
Moore,  "W.  L.,  cited  on  climate  along 

Colorado  River ITO 

Morris,  A.  P. ,  biographic  sketch  of JSS 

Morrison,  J.  T.,  paper  by,  on  irrigation 

condition.*)  in  Idaho 172-173 

Mountain  transi ts,  kind  used L66 

Murphy.  E.  C,  biographic  sketch  of . . .         335 
pai>er  by,  on  measurement  of  flow 

of  streams ^13-285 

Myers,  E.  W.,  biographic  sketch  of 335 

Napkins,  kind  used 268 

Nebraska,  agricultural  conditions  in  . .  276-277 

engineering  force  in 18 

reclamation  and  water  storage  in  . .  :^7(^284 

reclamation  work  on 106 

underground  waters  in,  work  on. . .         118 

water  diversion  in,  control  of 297 

See  also  nai^es  of  projects. 

Nevada,  construction  in 1 ;  6-204 

engineering  force  in 18 

reclamation  work  in 1  >8 

water  appropriation  ia,cx)ntrol  of  .         297 
See  also  names  of  projects. 
New  England,  hydro  jraphers  in  charge 

ofworkin 16 

New  Mexico,  engineering  force  in 18 

reclamation  work  in 108 

underground  waters  in,  work  on. . .         118 
See  also  names  of  projects. 
New  projects,  consideration  and  ap- 
proval of ;.      8ft-91 

New  York,  hydrographers  in  charge  of 

workin 16 

Newell,  P.  H.,  address  by 21-116 

biographic  sketch  of 815 

letter  of  transmittal  by 7 

Newell,  H.  D.,  biographic  sketch  of 336 

Newell,  R.  J.,  biographic  sketch  of 338 

Newspapei's,  advertising  in 74-60 

See  also  Advertisements. 
Niobrara  River,  irrigation  conditions  on        ?M 

Noble,  T.  A.,  biographic  sketch  of 336 

paper  by,  on  work  in  Washington..  231-2:12 
work  in  charge  of 19 
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Nonexpendable  property,  definition  of.  88 

.See  alio  Property. 

North  Dakota,  engineering  force  in 18 

investigations  in £07-208 

irrigation  in,  by  pumping 208-^510 

reclamation  work  in 100 

undergronnd  waters  in,  work  on. . .         119 
North  Platte  River,  water  supply  of. . .  277-882 

work  on 108,226-227 

Occasional  employees,  definition  of  term.  28 

employment  of 41 

Odometers,  kind  used 266 

Officers.    Sie  Appointees;  Employees. 

Offices,  establishment  of 84 

Ogden  conference,  attendance  at 9-10 

call  for 9 

committees  appointed  at *  14 

necessity  for 7 

proceodingii  of,  abstract  of 10-14 

purpose  of 21-23 

O'Harra,  C.  C,  work  of 119 

Oklahoma,  engineering  force  in 18 

surveys  in 109,119,288-272 

Olberg,  C.  R.,  biographic  sketch  of 396 

Oregon,  climatic  conditions  in 213-214 

engineering  force  i:i 18 

reclamation  work  in 109, 213-216 

underground  waters  in,  work  on. . .         119 
See  also  namas  of  projects. 

Organization,  discussion  of 29-33 

Outfitting,  instructions  concerning 83-84 

Owen,  Ray,  biographic  sketch  of 336 

Pack  blankets,  kind  used 267 

Packages,  graduated  express  charges 

for 64-66 

Packers,  employment  of 39-40 

Pails,  kind  used 267 

Pans,  kind  used 268 

Pardee,  Q.  C,  pa];>er  by,  on  reclamation 

work  in  California 158-150 

Parshall,  A.  J.,  biographic  sketch  of . ..         336 
Paterson,  H.  T.,  biographic  sketch  of..         337 

Paul,  E.  G.,  work  in  charge  of 16 

Pease,  C  T.,  biographic  sketch  of 337 

Pecos  River,  N.  Hex.,  work  on 108 

Pecos  Valley,  N.  Mex.,  investigations  in.  204-207 

irrigation  system  in 204-205 

soil  and  alkali  conditions  in 256 

Peery,  £.  H.,  biographic  sketch  of 337 

Pelton,  J.  E. ,  exploration  by 164 

Pennsylvania,  hydrographers  in  charge 

of  work  in 16 

Perkins,  E.  T.,  biographic  sketch  of  .. .         837 
XMtper  by,  on  Colorado  River  recla- 
mation projects 272-276 

work  in  charge  of 172 

Personnel,  committee  on,  duties  of 34-35 

general  observations  on 24-27 

Peterson,  O.  W.,  biographic  sketch  of  .         338 

Physical  strengt h ,  necessity  of 25 

Picacho,  Ariz.,  dam  site  at 274 

Pinchot,  Giflford,  paper  by,  on  forestry 

and  irrigation 120 

Piney  Creok,  Wyo.,  diversion  of 228 

Place,  A.  E.,  biographic  sketch  of 338 


Plane  table,  paper  on  irrigation  surveya 

and  use  of 

Plane-table  boards  and. tripods,  kind 

used _.-         a« 

Plans,  pai>er  on  reconnaisaanee  and S47-5f9 

Porter,  A.  P.,  biographic  sketch  of 33< 

Porter,  S.  G.,  biographic  sketch  of ^ 

Portland  cement,  manufacture  of S&4-SW 

raw  materials  for 2t5-d*« 

Power,  development  of,  paper  on 311-3,4 

electrical  t  ransmiasion  of _  237 -S^ 

Prall,  C.  T .,  biographic  sketch  of »« 

Preliminary  canal  surveys,  method  of.  9^-9^7 

Preliminary  survey,  method  of . .  _ 3J0-31U 

President  of  the  United  States,  meaaa^e 

from 151-122 

Pressey,  P.  E.,  biogrraphic  sketch  of 33b 

Price  current  meter,  kind  used Sft 

Printed  forms,  examples  of 110-116 

Printing,  regulations  concerning €6 

Priorities,  adjudication  of _         a*t 

See  also  Water  rights. 
Pritchett,  C.  M.,  biographic  sketch  of. .         33^ 
Private  corporations,   reclamation 
works  constructed  by,  ad- 
visability of ii>«l 

Proceedings  of  conference,  abstract  of.      10-14 

Project  board,  officers  composing £ 

Projects.    See  New  projects. 

Property,  care  and  disposal  of _  gs 

engineers  resimnsible  for  purchase 

of 18 

quarterly  report  on i- 

ProiKjeals  for  Truckee  canal,  fon«i  of . .  l.^-I 
method  of  obtaining,  oi>ening,  etc. .       7S-U 
See  also  Bids. 
Public,  information  to,  method  of  giv- 
ing        45-10 

Public  lands,  withdrawal  of,  from  entry  At 

Public-land    surveys,  comers  of,  res- 
toration and  re-marking  of.  KG 
Pumping,  irrigation  in  North  Dakota 

by ail*-ili 

X>ower  for,  electrical  transmission  of  SI7-34>) 
Purchases  in  open  market,  regulations 

governing a^Tl 

law  covering 67-4a« 

vouchers  for s: 

See  also  Contracts. 
Qualifications  of  employees,  discnsaion 

of 

Quarrying  cement  material,  method  of. 

Quarterly  reports,  character  of 47-4^ 

Quinton,  J.'H.,  biographic  sketch  of . . .  339 

Quinton,  J.  H.,  Ahem,  Jeremiah,  and 
fiabb,  C.  C,  report  of,  on  sar> 

veys 3»u;iU 

Rain  gages,  kind  used dag 

Reclamation  and  water  storage  in  Ne- 
braska, pai>eron 27^-^4 

Reclamation  law,  scope  of :361-^S? 

textof 25»-«l 

Reclamation  projects,  stages  in a.) 

Reclamation  service,  members  of,  bio- 
graphic sketches  of.. 29S-SS1 


INDEX. 


359 


Page. 
RcK'lamfition  Bervice,orgaDization  of  17-19, 29-33 
personnel  of,  genei'al  observations 

on 24-27 

work  of 21-22,127-128 

Reclamation  surveys,  method  of,  reix)rt 

of  committer*  on 300-311 

Reconnaiflsance,  method  of 31)0^1 ,  :XJ2-308 

paper  on  plans  and 247-249 

Red  Water  Creek,  8.  Dak.,  irrigation 

from 212 

Redman,  A.  C,  biographic  sketch  of. . .         339 
Redmond,  Hngb,  biographic  sketch  of.         339 

Reed,  H .  8.,  biographic  sketch  of. 339 

Reed,  "W.  M.,  biographic  sketch  of 341) 

pai>er  by,  on  investigations  in  Pecos 

VaUey 204-207 

Reedy,  O.  T.,  biographic  sketch  of 340 

Regular  employees,  classification  of 28-20 

See  alio  Employees. 

Roports,  character  of 45-50 

method  of  making 2^0-252 

S^-e  also  Monthly  progi*ess  report; 
Weekly  progress  report; 
Weekly  time  report;  Month- 
ly time  report. 

Rei>ort8  and  methods,  paper  on 260-252 

Reports  and  statements,  paper  on 249-260 

Republican    River,    Nebr.,   irrigation 

conditions 6n 282-2K3 

Requisitions,  method  of  making 44-45 

Reservoir  and  dam-site  surveys,  meth- 
ods of 303-304 

Resident  engineer,  duties  of 32 

Ri*sponsibiIity ,  placing  of 31-33 

Richards,  P.  S.,  paper  by,  on  water  laws 

of  Utah 220-225 

Richardson,  Q.  B.,  work  of 119 

Riding  bridles,  kind  used 287 

Riding  saddles,  kind  used 268 

Right  of  way  for  ditches  or  canals,  res- 
ervation of 97 

reservation  of,  circular  regarding. .  101-102 

Rio  Grande,  N.  Mex.,  work  on 108 

Rio  Grande  Dam  and  Irrigation  Com- 
pany V.  United  States,  deci- 
sion In  case  of 234-2;£> 

River  observers,  employment  of 39 

Robbins,  8.  B.,  biographic  sketch  of 340 

Rodmen,  employment  of 40 

Rods,  leveling,  kind  used 266 

Roosevelt,  Theodore,  message  from 121-122 

Ross,  D.  W.,  biographic  sketch  of 340 

paper  by,on  investigations  in  Idaho.  174-176 
on  limitsof  an  irrigation  project.  176-182 

work  in  charge  of 18 

Roswell,  N.  Mex.,  irrigation  near 205 

RnsH<>ll,I.  C,  work  of 119 

Russell,  W.  G.,  biogrraphic  sketch  of  . . .         341 

Sa(  ramento  Valley,  Cal.,  work  in 107 

i-'addlo  blankets,  kind  used 267 

Saddles,  riding,  kind  used 268 

Sage  Creek,  Wyo.,  water  rights  on,  de- 
cision regarding 235-236 

Sahara  Desert,  alkaline  waters  in,  use 

of  257-258 

Sales,  procedure  for 88 


Page. 

Bait  con  tent  of  Colorado  River 171 

Salt  River,  Ariz.,  work  on 107, 128-129 

Salt  River  Valley,  Ariz.,  conditions  in.  13(H31 

surveys  in 131-132 

telephone  line  In,  advertisement  for 

bids  for  construction 78 

Salt  River  Valley  Water  Users'  Asso- 
ciation, address  on 130-158 

articles  of  incorporation  of 147-158 

formation  of 140-147 

Salvation  Army  colonies,  condition  of . .         125 

Samples,  when  required 73 

San  Joaquin  Valley,  Cal.,  work  in 107 

Sanders,  W.  H.,  biographic  sketch  of..         341 

Sands,  E.  E.,  biographic  sketch  of 341 

Saph,  A.  v.,  biographic  sketch  of 341 

Sargeant,  William,  biographic  sketch 

of 342 

Sargent,  J.  A.,  biographic  sketch  of  . . .  342 
Saunders,  H.  J.,  biographic  sketch  of..         342 

Savage,  H.  N.,  biographic  sketch  of 342 

paper  by,  on  reports  and  state- 
ments   249-250 

Savage,  J.  L.,  biographic  sketch  of 343 

Saws,  kind  used 288 

Sawyer,  W .  C. ,  biographic  sketch  of 343 

Saxton,  W.  R.,  biographic  sketch  of 343 

Scales,  kind  used ^ 267. 

Schadler,  A.  H.,  biographic  sketch  of ..  348 
Schlecht,  W.  W.,  biographic  sketch  of.         343 

Secretary  of  the  Interior,  duties  of 15 

Services,  vouchers  for 57 

Settlers.    See  Colonization. 

Shale,  use  of,  in  cement  manufacture  . .         288 

Shoshone  project,  Wyo.,  discuFsion  of.  228-231 

Siebenthal,  C.  E.,  work  of 118 

Silt  in  Colorado  River 170 

Slichter ,  C.  S. ,  biographic  sketch  of ... .  343 
Slonaker,  C.  E.,  biographic  sketch  of  . .         343 

Slopes  of  canaLs,  limits  of 308-309 

Smith,  C.  B.,  biographic  sketch  of 344 

Smith,  W.  D.,  biographic  sketch  of 344 

Snake  River,  Idaho,  irrigation  projects 

along 174-176 

work  on 108 

South  Dakota,  engineering  force  in ... .  19 

irrigation  cond i t ions  in 210-21 1 

reclamation  work  in 109, 211  212 

underground  waters  in,  work  on. . .         119 
See  also  names  of  localities. 
Southworth,  C.  H .,  biographic  sketch  of        344 

Specifications  form  of 80 

form  of,  for  cement   for  Truckeo 

canal 302-204 

for    construction    of    Truckee 

canal 187-197 

Sprigg,  A.  M.,  biographic  sketch  of 344 

Spring  Creek,  S.  Dak., reservoir  siteon.  212 
Stability  of  high  masonry  dams,  paper 

on  corre<rt  design  and 240-246 

Stabler, Herman,  biographic  sketch  of .  344 
Stannard,  J.  D.,  biographic  sketch  of. .  344 
State  and  Federal  laws,  relation  of,  to 

irrigation 232-237 

Statements.    See  Reports. 

Station  assistants,  employment  of 40 


360 


INDEX. 


Page. 

Stationery  boxes,  kind  used SJ67 

Steel  tai)e8,  kind  uped 306 

Steiner,  C.  R.,  biographic  sketch  of 344 

Stevens,  J.  C,  blogrraphic  sketch  of 345 

Steward,  W.  Q.,  biographic  sketch  of..  345 

Btewpans,  kind  used 268 

Stcxiktoa,  Fred,  biographic  sketch  of ..  345 

Stockman,  L.  R.,  biographic  sketch  of.  345 

Stociktcn,  R.  S.,  biographic  sketch  of ..  845 

Stokes,  H.  G.,  biographic  sketch  of 346 

Stools,  kind  used 287 

Storrs,  H.  A.,  biographic  t ketch  of 346 

paper  by,  on  electrical  transmission 

of  power  for  pumping 237-240 

on  power  development 311-314 

Stout,  O.  V.  P..  pai^r  by,  on  reclama- 
tion and  water   storage  in 

Nebraska 276-284 

Stoves,  kind  used 2(58 

method  of  obtaining 83 

Stratton,  G.  E.,  biographic  sketch  of  ..  346 

Streams,  flow  of,  measurement  of 283-265 

Strickler,  T.  J.,  biogi*aphic  sketch  of  ..  346 

Subsistence,  regulations  concerning ...  85-88 
Subvouchei"8.    See  Vouchers. 

Supervising  engineers,  duties  of 31, 32,  iS 

Suppliep,  purchase  of,  in  open  market, 

regulations  governing ^-71 

purchase  of,  law  governing 67-^ 

Sve  also  Contracts;  Outfitting. 

Surveyors,  employment  of 41 

Surveys,  method  of,  rejaort  of  commit- 
tee on  300-311 

Suspensions  of  accounts,  discussion  of .  57-59 

examples  of 59 

explanation  to,  manner  of  making.  CO 

Sweetwater  River,  Wyo.,  work  on 226-227 

Swendsen,  G.  L.,  biographic  sketch  of .  8^6 

paper  by,  on  investigations  in  Utah.  216-220 

work  in  charge  of 19 

Swift,  W.  E.,  biographic  sketch  of 347 

Tablecloths,  kind  used 267 

Tableware,  kind  used 267 

Tables,  kind  used 268 

Tally  sheet.    See  Charge  sheet. 

Tanner^  Caleb,  biographic  sketch  of  . . .  347 

Tapes,  metallic,  kind  used 266 

Tapes,  i,t©ol,  kind  used 286 

Taylor,  C.  V.,  biographic  sketch  of 347 

Taylor,  L.  H.,  b:o:^-raphic  sketch  of 347 

ixiper  by,  on  construction  work  in 

Nevada 186-204 
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LETTER  OF  TRANSMITTAL 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Hydrographic  Branch, 
Washington^  D.  CI,  Febncary  i,  190^. 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
**  Hydrographic  Manual  of  the  United  States  Geological  Survey,"  and 
to  ask  that  it  be  published  as  a  water-supply  and  irrigation  paper. 

It  gives  instructions  for  field  and  office  work  relating  to  gaging  of 
streams  by  the  use  of  current  meters.  Instructions  relative  to  gaging 
streams  by  the  use  of  weirs  and  dams  will  be  embodied  in  a  future 
edition  of  this  manual. 

This  manuscript  has  been  prepared  by  a  committee  composed  of 
Messrs.  Edward  d  Murphy,  John  C.  Hoyt,  and  George  B.  HoUister. 
They  have  endeavored  to  bring  together  all  available  information  in 
regard  to  the  methods  of  gaging  streams  which  have  been  developed 
by  the  engineers  and  hydrographers  of  the  United  States  Geological 
Survey,  and  in  so  doing  have,  as  far  as  possible,  consulted  these  men. 
The  publication  is  intended  mainly  for  those  engaged  in  hydro- 
graphic  investigations  for  the  Geological  Survey.  It  is  believed,  how- 
ever, that  engineers  and  others  not  connected  with  the  Government 
service  who  are  interested  in  hydraulic  problems  will  dnd  it  of  much 
assistance.  It  i^  hoped,  also,  that  teachers  of  civil  engineering  will 
make  use  of  it  in  their  courses  of  instruction,  so  that  young  men  who 
enter  this  branch  of  the  Government  service  may  be  familiar  with  the 
stream-gaging  methods  herein  set  forth. 

Very  respectfully,  F.  H.  Newell, 

Chief  Engineer. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Sxt/rvey. 
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Prepared  by  E.  C.  Mukpht,  J.  C.  Hoyt,  and  G.  B.  Holusteb. 


rNTROBUCTION. 

The  problem  presented  to  the  United  States  Geological  Survey  when 
it  started  to  make  systematic  stream  measurements  throughout  the 
United  States,  was  to  obtain  with  a  small  sum  of  money  a  large 
amount  of  information  concerning  the  principal  rivers  of  the  country. 
In  order  that  the  data  obtained  should  be  of  most  value  it  was 
decided  that  both  the  total  yearly  flow  of  the  streams  and  the  seasonal 
distribution  should  be  ascertained.  Methods  of  procuring  data  of  this 
broad  nature  had  not  at  that  time  been  developed,  and  many  engineers 
considered  the  task  impossible.  However,  on  careful  analysis  of  the 
conditions,  it  was  found  that  the  data  could  be  obtained,  and  that  in 
order  to  procure  them  two  factors  should  be  determined — first,  the  stage 
of  the  stream  from  day  to  day;  second,  the  discharge  corresponding  to 
the  various  stages.  The  hydrographers  and  engineers  engaged  in  the 
work  have  spent  much  time  in  devising  means  for  determining  these 
factors,  and  as  a  result  well-defined  methods  have  now  been  developed. 

As  literature  in  regard  to  these  methods  is  either  widely  scattered 
or  entirely  lacking,  this  manual  has  been  prepared.  Its  object  is  two- 
fold— first,  to  act  as  a  guide  for  the  engineers  and  hydrographers 
employed  by  the  Geological  Survey;  second,  to  give  the  engineering 
public  the  benefit  of  these  studies,  in  order  that  the  methods  of  deter- 
mining the  facts  as  well  as  the  data  obtained  may  be  more  widely  and 
fully  imderstood. 

The  work  of  gaging  streams  would  be  greatly  simplified  if  a  single 

rule  or  method  could  be  given  which,  when  carefully  followed,  would 

in  all  cases  give  the  most  satisfactory  results,  but  owing  to  the  great 

diversity  of  conditions  in  different  sections  of  the  country  it  has  been 

found  that  no  such  rule  can  be  given;  therefore,  an  effort  has  been  made 

to  state  simply  the  methods  of  perf  oiming  the  various  operations  with 

the  conditions  to  which  each  is  applicable. 
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During  the  last  few  years  the  practice  of  gaging  streams  by  weii^ 
and  dams  has  come  into  use  to  a  considerable  extent  in  the  northeastt- 
ern  part  of  the  United  States,  but  the  treatment  of  this  method  fads 
been  left  for  a  future  edition  of  this  manual. 

It  is  requested  that  those  using  this  manual  will  make  any  sugge.>- 
tions  that  they  think  will  be  of  value,  in  order  that  such  sugge^tioa^ 
may  be  incorporated  in  future  editions. 

Acknowledgments. — ^Thanks  are  due  to  many  engineers  and  hydrop- 
mphers  for  aid  in  the  preparation  of  this  manual.  In  this  connec- 
tion special  acknowledgments  are  made  to  Messrs.  N.  C.  Grover,  R-  E. 
Ilorton,  M.  R.  Hall,  A.  L.  Fellows,  M.  C.  Hinderlider,  John  E.  Fieli 
B;  M.  Hall,  O.  V.  P.  Stout,  T.  A.  Noble,  G.  L.  Swendsen,  and  F.  W. 
Hanna.  ^ 

FIEIiB  OPERATIONS. 

SELECTION  OF  GAGING   STATIONS. 

Classes  andlocation  of  stations. — Guging  stations  may  be  divided  into 
two  classes,  temporary  and  permanent;  the  former  are  maintained  for 
one  season,  the  latter  for  a  series  of  years.  Permanent  stations  should 
be  selected  only  after  a  very  thorough  reconnaissance,  so  that  the  bej?t 
results  for  the  river  and  section  investigated  may  be  obtained,  with- 
out breaks  in  the  record.  In  the  eastern  part  of  the  United  State> 
data  are  wanted  mainly  for  water-supply  and  power  purposes;  in  the 
centml  part,  for  water-supply  and  sanitary  purposes;  and  in  the  West 
for  irrigation  and  domestic  purposes.  At  some  stations  in  each  section 
of  the  country  information  is  desired  for  general  statistical  uses. 
The  sanitary  work  carried  on  in  connection  with  stream- gag-ing  work 
consists  mainly  in  determining  the  degree  of  dilution  of  sewage  in  the 
streams,  and  this  work  is  done  to  some  extent  in  the  eastern  as  well  as 
in  the  central  part.  Each  station  should  be  located  so  as  to  secure  the 
requisite  data  with  the  proper  degree  of  accuracy  and  at  reasonable 
cost.  For  power  purposes  data  concerning  low  and  ordinary  stages 
are  more  valuable  than  data  for  higher  stages;  hence  low-water  con- 
ditions should  govern  the  selection  of  stations.  Where  the  informa- 
tion is  to  be  used  mainly  to  determine  the  feasibility  of  storage  projects, 
a  station  should  be  so  located  that  high  as  well  as  low  water  can  lie 
measured  with  accuracy.  Where  the  information  sought  is  for  irriga- 
tion purposes  stations  should  preferably  be  established  alwve  all 
diversions,  at  points  reached  by  telephone,  or  at  such  points  as  will 
aid  in  the  distribution  of  the  water. 

Favorable  conditions  for  current-ineter  gaging  stations. — ^The  channel 
at  a  gaging  station  should  be  as  nearly  straight  as  possible  for  from 
200  to  500  feet  above  and  below  the  station,  the  distance  depending  on 
the  size  of  the  stream,  and  there  should  be  few  if  any  obstructions. 
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The  bed  should  be  fairly  permanent,  regular  in  shape,  and  have  few 
projections  of  more  than  4  inches  above  its  general  contour.  There 
should  be  no  sudden  change  in  velocity,  and  the  velocity  should  not 
be  less  than  one-half  foot  per  second  in  more  than  15  per  cent  of  the 
cross  section.  The  station  should  be  far  enough  above  the  junction 
with  other  streams  to  be  free  from  the  influence  of  backwater  and 
should  be  beyond  the  influence  of  dams.  The  banks  should  be  fairly 
high  and  not  liable  to  overflow,  except  during  high  floods.  It  should 
be  easily  accessible  and  there  should  be  a  reliable  gage  reader  located 
within  a  quarter  of  a  mile  of  the  gage. 

Unfavorable  conditions  for  curreni-meter  gaging  stations, — A  gaging 
station  should  not  be  established  where  a  reliable  gage  reader  can  not 
be  secured;  at  a  bend  in  a  stream;  at  a  bridge  of  short  spans  where 
drift  collects  or  where  the  sides  of  the  piers  are  not  approximately 
parallel  to  the  stream;  at  high  trestle  and  railway  deck  bridges,  on 
account  of  danger;  at  covered  bridges,  unless  provided  with  numerous 
windows;  near  the  mouth  of  a  river  having  little  fall;  within  the  back- 
water above  a  dam;  nor  within  such  a  distance  below  a  dam  that  the 
shifting  of  currents  in  the  stream  channel,  caused  by  the  flow  or  cessa- 
tion of  flow  over  the  spillway  or  through  the  turbines,  has  not  disap- 
peared. A  sandy,  shifting  section  is  to  be  avoided  if  possible,  as  a 
rating  curve  for  such  a  station  is  applicable  for  only  a  limited  time. 
Sand  beds  or  bars  adjacent  to  the  gaging  section,  which  by  shifting 
or  scouring  might  change  the  velocity  in  the  section,  should  be 
avoided. 

It  frequently  happens  that  during  the  higher  stages  good  results 
can  be  obtained  from  a  bridge,  but  during  the  lower  stages  the  flow 
becomes  too  sluggish  or  the  depth  too  shallow  to  permit  accurate 
measurement.  Very  often  the  best  results  can  be  obtained  by  wading, 
or  by  the  use  of  a  boat,  at  places  not  far  from  the  station. 

Whenever  possible  a  station  should  be  situated  a  shoi*t  distance  above 
rapids  or  a  place  of  permanent  bed.  The  rapids  themselves  seldom 
offer  a  good  location,  for  the  stream  there  is  likely  to  be  very  rough  and 
shallow  and  the  velocity  high.  If  the  station  is  located  too  far  above 
the  rapids  the  stream  is  likely  to  be  sluggish  at  low  stages.  The 
scouring  or  filling  above  the  rapids  has  little  effect  on  the  station  rating 
curve. 

0LAS8IFIGATION  AND  EQUIPMENT  OF  GAGING   STATIONS. 

Kinds  of  stations  and  items  of  equipment, — Current-meter  gaging 
stations  may  be  divided,  according  to  equipment,  into  bridge,  cable, 
and  boat  stations.  The  equipment  of  a  station  consists  of  a  bridge, 
or  a  cable  and  car,  or  a  boat,  as  the  case  may  be,  from  which  measure- 
ments are  made;  a  tag  line  and  tags  or  marks  on  the  bridge  indicating 
the  points  at  which  the  meter  is  lowered  and  soundings  taken;  a  gage 
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for  reading  the  surface  fluctuatioiu;  bench  marks  for  fixing  the 
elevation  of  the  zero  of  the  gage;  and  when  high  velocities  are  to  ^* 
measured  a  stay  line  for  keeping  the  meter  in  place  (see  fig.  2). 

Sridge  statwiis. — -A  bridge  station  is  preferable  to  either  a  cable  or 
8  boat  station,  if  the  conditions  are  good,  on  account  of  greater  acc^- 
sibility,  lower  cost  of  maintenance,  and  ease  and  rapidity  with  wbiuh 
the  measurements  may  be  made.  The  measurements  made  at  a  brid<re 
are  not,  as  a  rule,  as  accurate  as  those  made  from  a  cable  or  boat,  for 
conditions  are  not  likely  to  be  so  favorable. 

CahU  8tatmi8—{See  PL  I,  A). — In  case  a  bridge  station  is  not 
available  and  the  span  is  less  than  500  feet,  s  cable  can  be  stretched 
across  the  .stream  at  right  angles  to  the  current  at  a  point  where  con- 
ditions are  satisfactory,  and  meauurements  made  from  a  box  operated 
on  this  cable.  The  cable  may  be  suspend^  from  a  tree  on  each  side, 
if  trees  are  available,  or  from  posts,  as  shown  in  fig.  1.  The  height 
of  the  postj^  will  depend  on  the  height  of  the  banks  and  the  change  io 
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river  wtage.  The  cable  should  always  be  so  high  above  the  stream 
that  the  car  will  be  several  feet  above  water  level  in  the  middle  of 
the  span  when  the  stream  is  at  flood  stages.  E^h  end  of  the  cable, 
after  passing  over  the  posts,  is  fastened  to  a  timber  or  heavy  iron  rail 
called  a  "  dead  man,"  at  least  4  to  6  feet  long  and  6  to  10  inches  in 
diameter,  one  end  of  which  is  buried  3  or  more  feet  in  the  ground. 
Near  one  end,  between  the  support  and  the  dead  man,  a  tiirnbuckle 
should  be  inserted  for  tightening  the  cable  when  the  sag  becomes  too 
great  for  easily  moving  the  car.  The  equipment  for  a  cable  statioo 
includes  the  following  items  for  spans  of  from  100  to  300  feet;  A  five- 
eighths  inch  galvanized- wire  cable;  eight  Crosby  clips,  costing  about 
40  cents  each;  two  6-inch  galvanized -iron  pulleys;  one  tumbuckle 
(right  and  left  hand  thread),  with  2-foot  capacity,  and  one  gaging  car 
or  box  3  by  4  feet  by  1  foot  deep,  made  of  common  lumber  and 
painted.  The  turnbuckle  must  generally  bo  made  to  ortler,  of  wrought 
iron,  and  will  cost  from  *3  to  J5.  Above  the  main  cable  a  wire  (pref- 
ei-ably  common  barbed  wire)  is  stretched,  to  which  are  attached  tm 
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or  galvanized-iron  tags,  marking  the  intervals  at  which  measurements 
a,re  made.  The  tags  should  be  of  different  shapes — round,  oval,  or 
x-ectangular — with  suitable  notches  to  indicate  their  distance  from  the 
i  nitial  point,  or  should  have  numbers  clearly  marked  upon  them,  so  that 
no  confusion  can  arise  ss  to  the  units,  tenths,  etc. 

For  spans  of  less  than  100  feet,  a  one-half  inch  cable  anchored  as 
ii.bove  described  and  supported  on  10  by  12  timbers  set  4  feet  in  the 


Fig.  2.--Method  of  manipalating  stay  line  from  small  cable. 

ground  will  serve.  The  cable  may  be  attached  directly  to  an  iron  bolt, 
1  inch  in  diameter,  set  through  the  post  near  its  upper  end.  If  two 
or  three  bolt  holes  are  made  through  the  post  they  maybe  used  to  aid 
in  adjusting  sag  in  the  cable,  the  bolt  being  shifted  from  one  hole  to 
another,  if  necessary.  The  posts  should  incline  back  from  the  water 
somewhat,  so  that  they  may  not  be  liable  to  bend  under  stress. 
Boat  stations. — Where  a  bridge  is  not  available,  and  the  width  of  the 
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stream  is  too  gi*eat  for  the  use  of  a  cable  and  the  depth  too  great  for 
wading,  meaBurementn  are  made  from  a  boat.  For  description  of  meas- 
urements by  wading  see  page  21.  Two  small  cables,  three-eighth* 
inch  in  diameter,  one  to  be  used  as  a  tag  line,  the  other  as  a  stay  line, 
as  shown  in  PL  I,  B^  should  be  used.  The  meter  should  be  operated 
from  the  upstream  end  of  the  boat,  and  should  be  held  several  feet 
away  from  it. 

If  the  timber  that  carries  the  meter  and  projects  from  the  boat  is 
marked  in  feet  and  tenths,  it  will  be  found  helpful  in  measuring  deptli^ 
and  in  lowering  the  meter  to  any  desired  depth.  To  lower  the  center 
of  the  meter  to  a  depth  of  3  feet,  first  lower  it  until  the  center  is  at 
the  surface,  then  grasp  the  line  carrying  the  meter  at  a  foot  mark  and 
let  the  meter  descend  until  the  hand  has  moved  over  three  of  the  foot 
marks;  the  center  will  then  be  3  feet  below  the  surface. 

In  measuring  from  a  boat  two  assistants  will  ordinaril}'^  be  necessary » 
one  to  operate  the  boat  and  another  the  meter  while  the  hydrographer 
keeps  the  time  and  makes  the  record.  A  rod  marked  to  feet  and 
tenths  is  convenient  for  making  soundings  from  a  boat. 

GAGES. 

Two  forms  of  gages  for  measuring  surface  fluctuations  are  in  use — 
either  a  timber,  vertical  or  inclined,  fastened  rigidly  to  the  bank  or  to 
some  permanent  object,  as  a  tree,  pile,  or  bridge  pier;  or  a  chain  gage 
attached  to  some  permanent  part  of  a  bridge. 

A  thnbcr  gmje  should  not  be  smaller  than  4  by  4  inches  and  should 
be  marked  to  feet  and  tenths  of  feet  vertical  depth.  Occasionally  % 
tree  growing  over  the  water  will  furnish  a  good  support  for  a  gage;  % 
bridge  pier  is  usually  not  a  good  support  because  of  the  suction  and 
consequent  lowering  of  the  surface,  and  because  it  is  usually  too  far 
from  the  shore  to  enable  the  gage  to  be  easily  read. 

A  vertical  gage  in  two  sections  may  often  be  used  to  advantage. 
The  upper  part  should  be  in  some  protected  position  on  the  hank  for 
use  at  high  water  only;  the  lower  part,  for  low-water  stages,  should  be 
of  such  length  that  it  will  be  submerged  during  high  stages. 

The  gage  markings  should  be  as  permanent  as  possible.  U-shaped 
galvanized  iron  staples  make  good  marks.  When  paint  is  used  the 
divisions  should  be  indicated  by  V-shaped  grooves  one-fourth  in<h 
wide  and  one-eighth  inch  deep.  These  grooves  should  be  painted  black 
and  the  surface  of  the  rod  painted  white. 

In  order  that  minus  readings  may  never  be  necessary ,  the  '*0"  of  the 
gage  should  be  3  feet  below  lowest  known  low  water,  or,  in  permanent 
channels,  level  with  the  bottom  in  the  deepest  place. 

It  is  often  possible' to  use  an  inclined  timber  gage  where  a  vertii^l 
one  can  not  be  used  on  account  of  the  danger  of  its  being  destroye^l. 
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An  incHnftd  timber  gajfe  i^hould  Ims  placed  where  it  is  leayt  expowed  to 
drift,  and  where  the  water  is  quiet,  so  that  it  can  t)e  accurately  read; 
it  should  have  its  lower  end  always  under  water  and  be  bolted  or  upikod 
to  posts  firmlj'  set  in  the  bank.  It  should  bo  marked  to  read  to  vertical 
feet  and  tenths  direct,  and  for  this  purpose  an  enpneer's  level  or 
carpenter's  squai-c  and-  level  are  necessary  to  determine  what  distance 
along  the  rod  corresponds  to  a  foot  vertically.     It  is  usually  better  to 
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put  the  rod  in  position,  place  a  few  of  the  foot  marks  on  it,  remove 
the  rod  and  complete  the  markings,  and  then  permanently  fasten  it; 
or  the  slope  of  the  rod  may  be  taken,  and  a  corresponding  scale  marked 
upon  a  board  of  the  proper  width  may  be  afterwards  iimily  fastened 
to  the  gage  timber. 

The  U.  S.  O.  S.  utandtird  chain  ffoge,  shown  in  fig.  4,  is  to  be  used 
where  ice,  1<^,  and  drift  will  destroy  a  timber  gage,  or  where,  for  any 
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All  the  hardware  for  the  gage  can  be  obtained  at  the  Washington 
office,  including  the  lock.  It  is  necessary  that  the  standard  United 
estates  Geological  Survey  lock  be  used,  so  that  the  inspector  can  read 
the  gage  when  he  visits  the  station. 

At  stations  where  the  importance  of  the  work  cAlls  for  a  greater 
degree  of  accuracy  than  is  given  by  reading  the  gage  to  half-tenths,  a 
low-water  gage  can  be  used,  marked  to  the  quarters  of  U^nths,  and 
read  to  the  nearest  quarter  of  a  tenth,  or  marked  to  one-hundredths 
of  a  foot,  and  read  to  hundredths  of  a  foot,  the  marking  and  reading 
to  be  determined  by  the  district  hydrographer. 

A  scale  2  or  3  feet  in  length  and  marked  to  hundredths  of  a  foot 
can  be  used  in  some  cases  to  advantage  for  measuring  down  to  the 
water's  surface  from  a  well-defined  point  conveniently  located. 

BENCH   MARKS. 

There  should  be  at  least  two  bench  marks  at  each  gaging  station; 
one  preferably  a  copper  plug  set  in  a  rock  alwve  high  water,  where  it 
will  not  be  disturbed,  the  other  a  point  on  the  ironwork  of  the  bridge 
from  which  the  elevation  of  the  surface  of  the  water  can  be  read  with 
a  steel  tape.  In  sand  and  alluvial  river  bottoms  where  rock  can  not  be 
found  the  United  States  Geological  Survey  iron  post  can  be  used.  A 
surveyor's  bench  mark  is  sometimes  found  on  a  bridge,  and  it  is  there- 
fore necessary  to  mark  the  bench  mark  with  *'  U.  S.  G.  S."  so  that  it 
can  be  distinguished  from  other  marks  of  a  similar  kind.  A  cross  cut 
on  a  ledge  of  rock  or  bridge  abutment  is  sometimes  used;  a  spike  in  a 
tree  is  only  a  temporary  mark.  Bench  marks  should  })e  so  placed  that 
they  can  be  easily  found,  and  a  full  description  forwarded  to  the 
Washington  office,  with  the  "description  of  station." 

STAY  LINES. 

In  a  swift  current  the  meter  will  be  carried  downstream  in  spite  of 
any  weight  of  lead  that  can  be  operated  by  one  man.  To  keep  it 
directly  underneath  the  point  of  measurement  a  stay  line  is  used. 
This  stay  line  may  be  a  one-fourth-inch  steel  galvanized  cable,  fas- 
tened to  posts  on  the  banks,  carr3nng  a  small  pulley.  The  meter  is 
operated  from  this  stay  line,  as  shown  in  fig.  2  (page  13)'. 

A  pole  projecting  upstream  from  the  bridge  is  sometimes  used  in 
place  of  a  stay  line  for  keeping  the  meter  at  the  proper  depth.  The 
meter  is  operated  from  this  pole,  as  shown  in  fig.  3  (page  15).  It  is, 
liowever,  difficult,  even  with  these  devices,  to  keep  the  meter  at  the 
desired  depth,  so  that  it  is  usually  better  to  measure  the  velocity  1  foot 
below  the  surface  and  apply  a  coefficient  to  obtain  the  mean  velocity. 
These  devices  can  be  used  to  advantage  in  obtaining  chamcteristic 
vertical  velocity  curves  from  which  this  coefficient  may  be  derived. 
IRR  94—04 2 
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MEASUREMENTS   OF  DEPTH. 

Factors  fo7*  computing  discharge. — ^The  volume  of  water  flowing  in  a 
stream  in  one  second,  or  the  discharge,  is  a  product  of  two  f actons- 
mean  velocity  per  second  and  cross  section.  The  cross  section  is  the 
product  of  two  factors — mean  depth  and  width.  If  the  cross  section 
were  a  rectangle  and  the  velocity  constant  in  all  parta  of  it  the  meai«ure- 
ment  of  discharge  would  be  a  simple  matter,  but  the  crosa  section  of 
a  natural  stream  is  usually  irregular  in  shape,  and  the  velocity  varies 
from  the  bank  to  the  center  and  from  the  bottom  to  the  surface.  Con- 
siderable judgment  is  necessar}^  therefore,  in  selecting  points  in  the 
cross  section  where  depth  and  velocity  should  be  measured,  and  in 
determining  the  method  of  measuring  velocity  that  will  secure  a  proper 
degree  of  accuracy. 

It  is  found  most  convenient  in  current-meter  work  to  divide  the 
stream  into  parts  1, 2, 4, 5, 10, 20  feet  in  width,  depending  on  the  size 
of  the  stream  and  unevenne^ss  of  the  bed  and  to  find  the  area^  the  me&o 
velocity,  and  the  discharge  through  each  part  separately.  The  total 
discharge  is  the  sum  of  the  discharges  through  the  parts. 

Fig.  1  (page  12)  shows  a  meter  station  where  measurements  are 
made  from  a  car  suspended  from  a  cable.  The  tags  on  the  tag  line 
directly  over  the  cable  mark  the  points  where  measurements  of  depth 
are  made.  The  inclined  gage  is  shown  on  the  left  side.  The  cross 
section  is  shown  divided  in  parts  by  vertical  lines  directly  over  tlie  tags. 
The  dotted  curved  Jines  in  the  cross  section  are  lines  of  equal  velocity. 
The  figure  shows  velocity  being  measured  under  one  of  the  tags. 

Soundings, — Soundings  should  be  taken  at  intervals  across  the 
stream,  sufliciently  near  together  to  enable  the  cross  section  to  Ik? 
computed  to  the  required  degree  of  accuracy.  The  distance  between 
the  soundings  should  depend  upon  the  size  of  the  streams,  evenness 
of  the  bed,  and  the  degree  of  accuracy  required.  For  small  sti-eanis, 
the  interval  may  vary  from  2  to  4  feet;  for  streams  of  moderate  size, 
from  6  to  10  feet;  and  for  larger  streams  from  10  to  20  feet,  except 
around  obstructions,  where  they  should  be  taken  about  5  feet  apart. 

A  small,  round  weight  is  not  so  good  for  sounding  as  a  large,  flat 
one,  because  if  the  bed  is  soft  or  rough  the  former  will  settle  into  the 
bed  or  between  the  projections  and  give  too  great  a  depth. 

When  a  very  heavy  weight  is  used  for  sounding  in  swift  water  it  is 
well  to  have  foot  and  half  foot  marks  on  the  sounding  line,  so  tliat  the 
depth  can  be  read  when  the  lead  rests  on  the  bottom.  Different  col- 
ored bits  of  ribbon  firmly  tied  to  the  sounding  line  and  wrapped  with 
insulating  tape  will  generally  answer  the  purpose.  The  part  of  the 
line  that  is  immersed  may  preferably  be  of  picture  wire. 

On  account  of  the  great  diflSculty  of  obtaining  accurate  soundings 
at  high  stages  of  water,  depths  for  flood  measurement  should  be  com- 
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puted  from  soundings  taken  at  a  lower  stage,  either  just  before  or  just 
after  the  flood,  provided  the  channel  is  of  a  permanent  character. 

The  soundings  can  be  taken  with  the  meter  on  the  line  when  the 
velocity  in  a  vertical  is  being  measured  if  the  velocity  is  less  than  3 
feet  per  second.  Care  must  be  taken,  however,  to  lower  the  meter 
gradually  and  not  allow  it  to  suddenly  strike  the  bottom. 

In  sounding  in  a  swift  current  the  lead  should  be  directly  under- 
neath the  point  of  observation  and  the  line  should  not  be  bowed 
downstream.  When  the  bed  is  very  uneven  two  or  more  measure- 
ments of  the  depth  at  each  point  should  be  taken  and  the  mean  used. 
This  can  easily  be  done  by  holding  in  one  hand  the  point  on  the  line 
which  touches  some  well-defined  point  on  the  bridge  when  the  lead 
rests  on  the  bottom,  and  comparing  this  point  with  the  corresponding 
points  on  the  line  obtained  by  two  or  more  trials.  The  distance  meas- 
ured on  the  line  from  the  point  obtained  as  the  mean  of  these  two  or 
three  trials  to  the  point  on  the  line  when  the  lead  is  drawn  up  so  as  to 
just  touch  the  surface  of  the  water  is  the  mean  depth.  When  more 
than  40  pounds  of  lead  are  used  on  the  meter  a  cotton  rope  should  be 
used  for  handling  it,  as  the  cable  is  not  strong  enough. 

The  initial  point  for  soundings  should  be  so  marked  that  it  can  easily 
be  recognized,  and  the  points  at  which  soundings  are  made  should  be 
clearly  marked  on  the  bridge  or  on  the  tag  line  of  the  cable  or  boat 
station. 

MEASUREMENTS  OP  VELOCITY. 

Geiiet'dl  stdtetiieiiL — Velocity  should  be  measured  in  each  vertical 
where  a  sounding  is  taken  except  where  the  change  is  small,  when  it 
should  be  measured  in  alternate  verticals.  Several  methods  are  in  use 
for  obtaining  mean  velocity  in  a  vertical.  They  may  be  classified  as 
single  point,  nmltiple  point,  and  integration.  In  velocity  observations 
the  revolutions  of  the  meter  wheels  should  be  coimted  for  two  equal 
periods  so  as  to  check  the  count.  These  periods  are  usually  60  sec- 
onds each. 

Sifigle-poirU  method. — ^Three  single-point  methods  are  in  general 
use.  In  one,  usually  called  the  0.6-depth  method,  the  meter  is  held  at 
the  depth  of  the  thread  of  mean  velocity;  in  another,  called  the  flood 
method,  the  meter  is  held  1  foot  below  the  surface;  in  the  third  the 
meter  is  held  at  mid  depth.  In  each  of  these  methods  it  is  necessary 
to  appl}*^  a  coeflScient  to  reduce  observed  velocities  to  mean  velocities. 
The  advantage  of  the  first  one  is  that  it  is  rapid  and  simple  and  the 
coefiElcient  is  unity.  The  advantage  of  the  second  is  that  it  is  the  only 
method  that  can  be  used  during  a  flood.  The  third  method  is  seldom 
used. 

The  mean-velocity  method,  ordinarily  called  the  0.6-depth  method, 
will  give  very  good  results  where  the  conditions  are  good — that  is, 
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where  there  is  a  nearly  straight  channel  with  little  obstruction,  a  Ijed 
regular  in  shape,  and  no  sudden  changes  in  velocity.  The  thread  of 
mean  velocity  for  such  condition  varies  from  0.55  to  0.65  of  the  depth, 
its  position  depending  on  the  depth,  the  ratio  of  width  to  depth,  and 
the  roughness  of  the  bed.  For  broad,  shallow  streams  with  gravelly 
beds,  of  depth  from  1  to  3  feet,  holding  the  center  of  the  meter  O.riT 
depth  below  the  surface  will  give  satisfactory  results.  For  ordinary 
streams,  of  depth  from  1  to  6  feet,  holding  the  center  of  the  meter  at 
0.6  depth  belDw  the  surface  will  give  satisfactory  results. 

The  flood  method  is  to  be  used  in  making  measurements  at  very  high 
stages,  when  the  single  point  and  integration  methods  can  not  be  used. 
The  meter  should  be  held  1  foot  below  the  surface  and  a  coeflScient 
applied  to  the  measured  velocity  to  reduce  it  to  mean  velocity.  The 
value  of  this  coefficient  varies  from  .85  to  .90.  An  easily  recognized 
mark  on  the  meter  line,  one  foot  above  the  center  of  the  meter,  will 
be  found  useful  in  keeping  the  meter  at  the  proper  depth.  (See  aUo 
flood  measurements,  p.  23.) 

Litec/ration  method, — In  the  integration  method  the  meter  is  kept 
in  motion  either  from  the  surface  to  the  bottom  and  back  again  to 
the  surface  in  a  vertical  line,  or  diagonally  from  the  surface  to  the 
bottom  and  back  again  to  the  surfac^e,  while  it  is  at  the  same  time 
moved  across  the  channel.  The  latter,  called  the  zigzag  method,  i^ 
seldom  used,  except  in  comparativel}'  small  artificial  cliannels. 

The  vertical-integmtion  method,  consisting  of  moving  the  meter  from 
the  surface  to  the  bed  and  back  again  to  the  surface,  counting  the 
number  of  revolutions  and  noting  the  time,  gives  satisfactory  results 
if  the  meter  is  moved  slowly  and  at  a  uniform  speed.  It  is  a  bettor 
method  than  the  others  where  time  is  limited  and  where  the  condition^ 
are  poor  (crooked  channel,  obstructions,  etc.);  also  where  the  surface 
is  retarded  by  drift,  logs,  or  ice.  It  is  a  very  good  method  for  checkintr 
results  obtained  by  the  single-point  method.  This  method  is  mon* 
difficult  for  one  man  than  the  point  methods,  and  gives  somewhat  Ie^^ 
information. 

Mult q)le-j)o hit  methods. — ^These  consist  of  top  and  bottom;  top,  mid 
depth,  and  bottom;  and  vertical  velocity  curve.  In  the  top-and-bottoni 
method  mean  velocity  is  taken  as  the  half  sum  of  the  top  and  l>ottoni 
velocities.  In  the  top,  mid-depth,  and  bottom  method  the  mean  velocity 
is  taken  a,s  one-fourth  the  sum  of  the  top  and  bottom  velocity  and  t^fiw 
the  mid-depth  velocity.  V=i(T+B+2M).  In  the  vertical-veloi»ity- 
curve  method  the  mean  velocity  is  computed  from  the  velocities 
observed  at  several  points  in  each  vertical,  as  shown  on  pages  5<^51. 

The  top-and-bottom  method  does  not  give  satisfactory^  results  where 
the  bed  is  uneven.  The  results  are,  as  a  rule,  too  small.  In  a  very 
shallow  stream,  8  to  12  inches  in  depth,  with  sandy  or  fine  gravel  Ik»iI, 
satisfactory  results  are  obtained  by  this  method  if  the  center  of  the 
meter  is  held  0.15  of  a  foot  below  the  surface  and  the  same  distance 
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above  the  bed.  If  the  bed  is  coarne  gravel  (particles  1  to  2^  inches  in 
diameter)  the  center  of  the  meter  should  be  held  0.15  of  a  foot  below 
the  surface  and  from  0.3  to  0.4  of  a  foot  above  the  bed. 

The  vertical-velocity-curve  method  should  be  used  when  there  is 
abundant  time,  for  it  gives  more  accurate  results  than  either  of  the 
other  methods,  but  it  requires  so  much  time  that  it  is  seldom  employed 
except  to  check  results  obtained  by  one  of  the  other  methods.  From 
three  to  eight  observations  are  necessary  in  each  vertical,  each  requir- 
ing from  50  to  100  secx)nds  of  time.  A  few  vertical -velocity  curves 
should  be  obtained  at  certain  selected  points  in  the  cross  section  if 
possible. 

Lmo  velocity  Uinitatimis, — ^The  current-meter  and  weir  discharge 
comparisons  made  at  the  hydraulic  laboratory  of  Cornell  University, 
described  in  Water  Supply  Paper  No.  64,  show  that  current-meter 
measurements  of  velocities  less  than  about  0.4  or  0.5  foot  per  second 
are  not  reliable.  The  meter  discharge  is  less  than  that  shown  by  the 
weir,  the  error  increasing  as  the  velocity  decreases  and  as  the  friction 
of  the  meter  increases.  For  these  reasons  it  is  not  advisable  to  attempt 
the  measurement  of  the  discharge  at  a  place  where  the  mean  velocity 
is  less  than  about  half  a  foot  per  second.  Inasmuch  as  there  is  always 
a  small  area  of  low  velocity  near  the  banks  and  around  piers,  a  rule 
was  made  by  the  hydrographer  in  charge,  March,  1908,  that  hereafter 
when  the  velocity  at  a  station  becomes  less  than  half  a  foot  per  second 
in  more  than  15  per  cent  of  the  cross  section,  the  measurements 
there  should  be  discontinued.  At  many  stations  where  current-meter 
measurements  can  not  be  made  when  the  flow  becomes  sluggish  at  low 
stages,  a  place  can  be  found  within  half  a  mile  of  the  station  where  the 
velocity  can  be  measured  by  wading. 

At  each  permanent  gaging  station  where  a  high  degree  of  accuracy 
is  required  a  somewhat  extended  study  should  be  made  at  different 
stages  by  the  vertical-velo<*ity-curve  method  to  test  the  reliability  of 
the  results  obtained  and  to  derive  coefficients  applicable  to  other  stations 
having  somewhat  similar  conditions. 

Meamiring  dwcharge  hywadinq  {see  PL  11^  7?). — Discharge  can  often 
be  measured  more  accurately  than  at  the  gaging  station  by  wading  in 
some  chosen  section  where  the  conditions  are  good.  Iron  rods  three- 
eighths  inch  in  diameter  and  at  least  3  feet  long,  with  a  long  slot  or 
thumbscrew  in  one  end  and  the  other  end  pointed  will  be  found  con- 
venient for  holding  the  ends  of  the  tape  during  the  measurements. 
Depth  can  be  measured  with  a  light  rod,  marked  to  feet  and  tenths, 
that  can  be  made  in  a  few  minutes.  The  hydrographer  should  hold 
the  meter  as  far  to  the  side  of  him  as  possible  and  a  little  upstream  so 
that  there  will  be  but  slight  obstruction  offered  by  his  body  (see  PI. 
II,  B),  In  a  very  small  stream  measurements  should  be  made  from  a 
plank  laid  across  it  instead  of  by  wading. 


22       HYDBOGBAPHIO   MANUAL,  U.   S.  GEOLOGICAL   SURVEY.        lvo.9L 

CHECKS.. 

The  field  work  of  the  discharge  measurement  should  not  be  consid- 
ered complete  until  it  has  been  checked.  The  chain  gage  can  be 
cheeked  with  a  steel  tape,  as  described  on  page  16.  The  observations 
of  velocity  can  be  checked  rapidly  by  the  integration  method,  and  the 
computed  discharge  partially  checked  by  plotting  it  on  squared  paper 
and  comparing  with  station  rating  curve  of  the  preceding  year.  If 
any  discharge  varies  from  the  station  rating  curve  by  more  than  5  per 
cent  for  ordinar}'^  stages  at  a  station  where  the  conditions  are  fair  to 
good,  or  by  more  than  8  per  cent  where  the  conditions  are  fair  to  poor, 
the  hydrographer  should  seek  the  cause  in  change  in  channel  or  in 
mistakes. 

CLASSES  OF  DISCHARGE  MEASUREMENTS. 

Minimum-Jloin  measurements. — Records  of  the  minimum  flow  of  a 
stream  are  in  nearly  all  cases  very  important,  and  special  eflfort  should 
be  made  to  secure  them  every  season  at  each  important  station.  It  is 
not  ver}^  important  to  determine  the  smallest  amount  that  flows  pa.<t 
the  station  during  the  season,  for  this  minimum  ma}^  occur  when  the 
greater  part  of  the  natural  flow  is  being  held  back  by  dams;  what  is 
desired  is  the  average  flow  for  the  month  or  week  when  the  flow  is^ 
least. 

A  larger  number  of  discharge  measurements  are  necessary  to  define 
the  lower  part  of  the  station  rating  curv^e  than  any  other  part,  because 
small  changes  in  gage  height  have  a  much  larger  proportional  effect 
on  the  discharge  for  the  lower  stages  than  the  higher  ones,  and  !>ecause 
the  slope  changes  faster  in  the  lower  than  in  the  higher  parts  of  the 
curve. 

When  there  are  daily  fluctuations  in  the  discharge — as,  for  instance, 
where  the  water  is  held  back  by  dams — care  should  be  taken  to  have  the 
gage  read  at  such  times  that  the  reported  "daily  gage  height"  is  the 
mean  for  the  day;  for  example,  if  a  gage  is  below  a  dam  that  holds 
back  the  water  during  the  night,  one  reading  should  be  taken  when  the 
water  wheels  are  in  use  and  one  when  thev  are  shut  down. 

It  is  often  advisable  to  have  a  low-water  gage  in  addition  to  the  one 
for  other  stages,  one  that  can  be  read  by  the  observer  easily  and  with 
a  greater  degree  of  accuracy. 

Facts  in  regard  to  the  minimum  flow  of  tributaries  of  each  stream 
and  their  suitability  for  power  and  water-supply  purposes  should  lie 
collected  by  the  hydrographer  and  reported  to  the  Washington  oflitv, 
on  form  9-213  or  by  brief  reports.  It  is  well  to  give  also  the  date< 
and  amounts  of  precipitation  in  inches  at  the  nearest  Weather  Bureau 
station  for  some  days  preceding  the  date  of  measurement.  Such  facts 
can  usually  be  o})tained  at  small  expense,  and  they  add  greatly  to  the 
value  of  the  discharge  records. 
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Flood-jlcm  measureinenU, — The  stAge  of  a  stream  during  flood  usually 
changes  so  rapidly  that  a  discharge  measurement  made  at  such  a  time, 
to  be  of  greatest  value,  should  be  made  in  less  than  two  hours;  three 
or  four  observations  of  the  velocity  1  foot  below  the  water  surface 
between  each  pier  and  one  or  two  between  each  pile  pier  will  usually 
answer  this  purpose.  Depths  can  be  obtained  from  previous  sound- 
ings at  a  lower  stage  or  from  the  cross  section  of  the  river  at  the  station, 
developed  after  the  flood. 

Care  must  be  taken  to  protect  the  current  meter  from  injury  by  drift. 

When  for  any  reason  the  meter  can  not  be  used,  the  surface  velocity 
can  be  obtained  by  means  of  floats. 

In  wide  streams  where  the  conditions  between  piers  are  similar,  if 
the  velocity  is  5  or  more  feet  per  second  and  the  bridge  spans  are  150 
feet  or  more  in  length,  it  is  not  wise  to  attempt  to  measure  velocity 
nearer  to  a  pier  than  alK)ut  25  feet.  When  the  measurement  is  taken 
the  area  of  the  pier  should  be  neglected  in  computing  the  discharge. 
If  the  velocity  is  less  than  5  feet  per  second  the  area  of  the  pier  (or 
piles  in  the  case  of  trestle  work)  should  be  subtracted  from  the  area  in 
computing  the  discharge. 

The  gage  height  at  which  ovei*flow  of  banks  takes  place  should  be 
noted,  also  any  backwater  effect.  Facts  in  regard  to  character  and 
extent  of  damage  done  by  the  flood  should  be  obtained;  also  effect  of 
obstructions  upon  the  height  of  the  flood. 

Diatributioii  of  discharge  meoHnrein^iU. — As  far  as  possible  dis- 
charge measurements  should  be  made  at  such  river  stages  as  will  give 
a  point  on  an  undefined  part  of  the  station  rating  curve.  Frequently 
there  are  several  measurements  made  at  about  the  same  gage  height 
and  no  measurement  for  2  or  3  feet  stage  above  or  below  them.  By 
instructing  observers  to  telegraph  when  the  river  reaches  a  desired 
stage  the  hydrographer  can  time  his  visit  so  as  to  obtain  a  point  on  the 
curve  at  which  no  measurements  have  been  made. 

Very  often  the  hydrographer  can  obtain  two  or  more  points  on  the 
rating  curve  at  a  single  visit.  By  remaining  a  couple  of  days  at  the 
station  when  the  stage  is  high  he  can  make  four  or  more  discharge 
measurements  cheaply,  which  may  serve  to  fix  a  considerable  part  of 
the  curve. 

Miscellaneovs  discharge  meamwements. — A  miscellaneous  discharge 
measurement  is  one  that  is  made  at  a  distance  from  a  permanent  or  tem- 
porary gaging  station.  The  place  of  measurement  should  be  referred 
to  some  easily  found  landmark — as,  for  example,  "500  feet  upstream 

from  county  bridge,  3  miles  northwest  of ,"  and  the  elevations 

of  the  water  surface  should  be  referred  to  some  point  that  can  be 
easily  found  and  again  used — as,  for  example,  "10  feet  below  upper 
surface  of  floor  l)eam,  first  span  north  end  Southern  Railway  bridge, 
3  miles  south  of  ."    Facts  in  regard  to  the  behavior  of  the 
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stream,  its  minimum  and  maximum  flow,  and  a  comparison  betweeo 
the  discharge  at  the  time  of  measurement  and  low  flow  should  be 
ascertained  and  reported. 

When  measurements  are  made  at  several  places  along  a  stream  dur- 
ing" a  reconnaissance,  allowance  should  be  made  for  rain  that  has  fall»-r 
in  the  interval  between  measurements  between  the  places  and  on  lri^»- 
utaricrt  entering  the  stream  between  points  of  measurement. 

Winter  dUcJmrge  measurements. — The  winter  discharg-e  of  thf 
important  streams  is  desired  at  permanent  gaging  stations^  where  the 
conditions  are  such  that  reliable  data  can  be  obtained  at  reasonable 
cost.  If  ice  does  not  interfere  with  the  work,  it  should  be  continued 
during  the  winter,  as  at  other  seasons  of  the  3^ear. 

If  anchor  ice  forms  at  a  station,  a  record  should  be  kept  showipc: 
the  date  of  its  formation,  the  height  of  backwater  due  to  it.  an*i 
whether  much  or  little  water  is  flowing  at  the  time.  Facts  in  regani 
to  the  rise  in  the  stream  that  lifts  the  ice  but  does  not  clear  the  cbanne! 
should  })e  noted. 

At  stations  where  solid  ice  forms,  the  observer  should  visit  the  sta- 
tion at  least  once  a  week  to  read  the  gage  and  note  the  condition  of 
the  stream.  If  the  gage  is  a  chain  one,  the  ice  should  be  cut  aw:ij 
around  the  gage,  the  gage  read,  and  the  thickness  of  the  ice  ineasurovl. 
also  the  distance  of  the  surface  of  the  water  above  or  below  the  surfat^t^ 
of  the  ice.  The  ob.server  should  also  note  whether  the  ice  is  rouffh  or 
smooth  on  the  under  side  and  the  distance  to  open  water  above  ait<i 
below  the  station. 

A  rod  with  a  crosspiece  on  the  lower  end,  forming  a  T,  is  conven- 
ient for  meiisuring  the  thickness  of  ice. 

The  vertical-integration  method  of  measuring  the  velocity  (by 
moving  the  meter  slowly  from  the  surface  to  the  bed  and  \n\ck  to  the 
surface  again,  counting  the  revolutions,  and  noting  the  time)  will  !>e 
found  satisfactory  under  ice.  Some  vertical  velocity  curvets,  however. 
should  })e  tjiken  at  each  measurement.  A  special  station  rating  curve 
must  be  used  for  periods  when  ice  interferes  with  the  natural  flow. 

GAGE  READINGS. 

Computations  of  discharge  and  run-off  are  usually  based  on  gaj,'^ 
readings  taken  one  or  more  times  daily.  If  any  of  these  are  in  ern>r. 
the  results  obtiiined  from  them  are  in  error  also.  Every  effort  should 
therefore  be  made  by  the  hydrographer  to  secure  thoroughly  reliable 
gage  readers.  No  pains  should  be  spared  to  teach  them  to  read  the  gajre 
correctl}'^  and  to  properly  record  and  report  the  readings.  They  should 
realize  the  importance  of  the  records  they  are  taking,  and  should  know 
that  means  are  being  taken  to  see  that  the  records  are  reasonably 
correct. 
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At  each  visit  to  the  station  the  hydrographer  should  examine  the 
g^ge  reader's  book  and  make  comments  thereon.  The  reading  of  the 
olxserver  and  hydrographer  on  the  day  of  visit  should  be  compared. 

A  gage  reader  is  more  likely  to  read  with  regularity  and  accuracy  a 
f^gG  that  can  easily  be  reached  and  seen  than  one  which  requires 
unusual  effort  or  risk  to  read;  hence,  except  in  rare  cases,  a  chain  gage 
should  not  be  placed  on  a  high  railway  trestle  bridge,  nor  on  a  struc- 
ture where  it  is  necessary  for  the  observer  to  climb,  nor  where  he  is 
obliged  to  kneel  down  and  reach  out  over  some  part  of  the  structure. 
Rod  gages  frequently  become  waterworn  and  covered  with  dirt,  so 
that  they  are  difficult  to  read.     Occasionally  the  bed  fills  in  around  the 
lower  end  of  the  gage,  so  that  it  is  necessary  to  keep  open  a  channel 
of  running  water  to  the  gage.     These  points  and  many  others  the 
hydrographer  must  keep  in  mind  and  provide  for  in  older  to  secure 
satisfactory  records  of  daily  gage  heights.  • 

STANDARD   CROSS   SECTION. 

There  should  be  prepared  for  each  permanent  gaging  station  a  cross 
section  of  the  stream  showing  the  contour  of  the  channel  to  points  on 
e^ch  bank  above  the  highest  flood  water,  the  piers,  and  other  obstruc- 
tions, and  showing  elevations  referred  to  the  zero  of  the  gage.  An 
engineer's  level  or  plane  table  will  be  necessary  fcr  this  purpose. 
From  such  a  cross  section  approximate  depths  can  be  found  for  any 
gage  height;  also  changes  in  channel  due  to  scour  or  fill.  It  also 
assists  very  materially  in  the  preparation  of  the  station  rating  table. 

DATA  ON  FLOODS. 

Hereafter  there  will  be  prepared  at  the  end  of  each  year  a  water- 
supply  paper  on  the  destructive  floods  of  the  year,  showing  their 
magnitude  and  extent,  the  destruction  wrought  by  them,  and  the 
engineering  features  involved  in  the  prevention  of  their  destructive 
action.  When  a  notable  flood  occurs  in  the  area  in  charge  of  any  dis- 
trict hydrographer  he  should  make  a  special  effort  to  visit  the  locality 
during  the  flood,  or  very  soon  thereafter,  and  obtain  all  facts  possible 
concerning  the  height,  quantity  of  water,  destruction  wrought,  and 
reasons  therefor,  and  prepare  a  report  thereon,  adding  comments  con- 
cerning the  action  of  bridges,  buildings,  levees,  etc.,  along  the  stream. 
In  such  investigations  care  should  be  taken  to  verify  data  not  obtained 
from  actual  observation,  especially  any  data  necessary  for  computing 
discharges.  If  discharge  is  computed  from  data  obtained  principally 
from  flood  marks,  special  care  must  be  taken,  because  these  marks 
are  often  misleading.   , 
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R£CX)NNAISSANGE. 

A  reconnaissance  of  a  stream  is  made  for  the  purpose  of  locAtin^  i 
gating  station,  investigating  water  power  or  water  storage  possibili- 
ties, or  studying  the  destruction  wrought  by  floods  or  the  pollution  of 
the  water. 

All  data  that  have  any  bearing  on  the  question  studied  should  be 
collected,  and  sketches  should  be  freely  used,  showing  the  relative 
positions  of  objects  described.  The  notes  should  be  verj'  full  and 
clear,  so  that  they  will  convey  correct  ideas  of  facts  after  they  have 
been  in  part  or  wholly  forgotten. 

A  reconnaissance  for  the  selection  of  a  gaging  station  or  for  investi- 
gating power  and  storage  possibilities  is  usually  made  when  the  stream 
is  low,  as  data  collected  for  these  purposes  are  more  valuable  at  tbis 
stage  than  at  the  high  stages. 

The  instruments  used  are  a  hand  level,  compass,  steel  tape,  and 
current  meter. 

The  topographic  features  of  the  watershed,  such  as  the  elevation, 
slopes  of  surface,  width  of  valleys,  character  of  rock  and  soil  and  veg- 
etation, should  be  noted;  the  slope  of  the  stream,  location  of  the  used 
and  unused  power,  location  and  magnitude  of  principal  tributarie.N 
high-water  marks,  the  extent  to  which  the  water  is  used  for  industrial 
purposes,  kind  of  industries,  and  the  kind  and  sources  of  pollution 
should  also  be  noted. 

The  discharge  of  a  stream  and  its  principal  tributaries  should  be 
measured,  and  a  temporary  bench  mark  should  be  left  at  each  point  of 
measurement,  so  that  if  a  subsequent  measurement  is  made  at  that 
point  it  can  be  compared  with  the  former. 

DESCRIPTION  AND  CARK  OF  INSTRUMENTS. 

GENERAL  STATEMENT. 

Hydrographers  are  responsible  for  the  care  of  current  meters  and 
other  Government  instruments  intrusted  to  them,  and  are  required 
to  account  at  stated  times  for  all  such  property  in  their  keeping. 
Since  the  accuracy  of  stream  gagings  depends  largely  upon  the  correci 
working  of  the  current  meter,  great  care  should  be  exercised  in 
handling  these  instruments  and  in  keeping  them  properly  adjusted. 
Inaccurate  work  and  poor  results  can  often  be  traced  directly  to  neglect 
in  caring  for  instruments. 

CURRENT  METER. 

The  following  description  and  suggestions  regarding  the  use  and 
care  of  the  small  Price  electric  current  meter  (see  PI.  Ill)  are  intendeii 
for  the  guidance  of  hydrographers  in  the  field: 

When  in  use  the  meter  is  suspended  by  a  double  conductor  cable  of 
No.  li  or  No.  16  flexible  copper  wire,  heavily  insulated.     Wire  of  that 
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size  is  of  sufficient  strength  to  hold  the  meter  and  weights,  and  it  obviates 
the  necessity  of  additional  rope  for  suspending  the  equipment  when 
the  weight  used  is  less  than  40  pounds.  The  cable  is  attached  to  the 
meter  with  a  spring  snap  hooked  into  the  circular  end  of  the  trunnion 
P,  fig.  5.  The  heavy  copper  wires  are  connected  with  the  meter 
binding  posts  h  and  d  by  smaller  and  more  flexible  wires.  The  wires 
connected  with  the  binding  post  d  should  be  threaded  through  the  metal 
loops  on  the  yoke  o^  within  the  trunnion  frame,  and  at  g.  It  is  desirable 
that  these  wires  should  be  flexible  and  loose,  to  allow  the  meter  to 
swing  free  in  the  vertical  plane  when  it  is  in  use. 

Lead  weights  (a,  fig.  6),  provided  for  the  purpose  of  holding  the 
meter  steady  in  moving  water  (the  higher  the  velocity  of  the  stream 

Section    A- A 


1  e 

Pio.  5. — Cross  section  of  Rmall  Price  electric  current  meter,  showing  detailR. 

the  greater  the  weight),  are  attached  to  the  lower  end  of  the  trunnion 
])y  means  of  a  detachable  weight  stem  (ft,  fig.  6). 

The  weight  vane  (c,  fig.  6)  should  be  attached  to  the  weights  at  all 
times  when  the  meter  is  used  suspended  from  a  cable.  When  gaging 
small  or  shallow  streams  it  may  be  necessary  to  make  observations  by 
wading.  Under  such  circumstances  it  will  be  more  convenient  to  dis- 
pense with  the  lead  weights  and  attach  the  meter  to  a  light  rod  or  pole. 
If  desired  a  brass  standard  can  be  supplied  for  attaching  the  meter  to 
the  rod. 

The  meter  is  supported  in  a  trunnion  or  hanger  (P,  fig.  5),  and  is 
free  to  swing  in  a  vertical  plane.     One  revolution  of  the  wheel  or  cups  is 
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indicated  by  a  buzz  of  the  electric  buzzer,  the  observer  being  required 
to  count  the  number  for  a  certain  interval  of  time,  preferably  fifty  sec- 
onds, as  the  computations  can  more  easily  be  made  from  that  number. 
A  second  observation  of  the  same  length  of  time  should  immediat^Ir 
follow  the  first  observation  in  order  to  verify  the  count. 

The  vertical  axis  (;i,  fig.  5)  to  which  the  cups  of  the  current-meter 
wheel  are  attached,  and  hereinafter  referred  to  as  the  cup  shaft,  ter- 
minates at  the  lower  end  in  an  inverted  cone,  which  bears  or  turns  on 
the  cone-shaped  point  of  e,  fig.  5.  The  part  marked  1,  fig.  5.  will  \*e 
referred  to  as  the  point  l)earing.  This  is  the  most  delicate  part  of  th»» 
meter,  and  should  be  treated  with  the  greatest  care,  as  it  is  made  of 
highly  tempered  st^^el  and  is  liable  to  be  fractured  or  broken.  To  pnv 
tect  this  sharp  point  bearing  while  the  meter  is  being  shippied  or  car- 
ried, a  milled  sleeve  (A%  fig.  5)  is  provided.  This  sleeve  is  threadt^d 
on  the  inside,  and  screws  up  or  down  on  the  screw  thread  on  the 
extension  of  the  lower  end  of  the  cup  shaft  shown  in  fig.  5.  AAHien 
the  meter  is  not  actualh'  in  use,  and  before  it  is  put  into  the  wooden 
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case  after  using,  the  milled  sleeve  k  should  l>e  screwed  down  until 
it  bears  on  the  top  of  q  and  raises  the  cups  and  cup  shaft  off  the 
point  bearing,  thus  protc^'ting  it  from  possible  injury.  This  shn^ve 
should  not  l)e  screwed  down  very  tight,  as  the  shoulder  of  the  journal 
on  the  upper  end  of  the  cup  shaft  will  be  thrust  hard  against  the  end 
of  its  bearing  and  perhaps  be  injured. 

When  preparing  to  make  a  measurement  with  the  meter  the  milled 
sleeve  should  be  screwed  up  on  the  cup  shaft  far  enough  to  make  it 
absolutely  certain  that  the  cups  are  turning  on  the  point  l>earing  and 
are  working  with  the  least  possible  friction.  This  sleeve  is  milled  for 
adjustment  with  the  fingers  and  not  with  a  wrench  or  pliers. 

If  the  point  bearing  becomes  injured  and  it  is  necessary  to  replace' 
it,  an  extra  one  will  be  found  in  the  meter  case.  To  replace  the  bear- 
ing slacken  the  screw  ?,  fig.  6,  with  the  small  spanner  wrench  pn>- 
vided  with  the  meter,  remove  the  large  nut  q  with  the  point  l>earing 
locked  in  it.  After  its  removal  hold  the  head  of  the  nut  q  firmly  with 
a  small  wrench  or  pair  of  pliers,  slip  the  small  spanner  wrench  over 
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the  flat  sides  of  the  nut  f^  and  loosen- it.     Remove  the  nut  y  with  the 
fingers,  and  with  a  small  screw-driver  take  out  the  damaged  bearing 
from  the  large  nut  </.     Replace  the  large  nut  ^,  and  with  the  spanner 
wrench  screw  it  firmly  into  yoke  o.     Remove  the  lock  nut  from  the 
point  bearing  to  be  inserted,  and  with  a  screw-driver  send  the  latter 
through  the  large  nut  q.     Great  care  should  be  exercised  in  making 
this   most  important  adjustment  of  the  current  meter.      A  slight 
amount  of  play  or  movement  of  the  cups  up  and  down  must  bo  allowed, 
so  that  they  will  revolve  freely  and  without  friction.    When  the  point 
is  almost  up  turn  it,  a  part  of  a  revolution  at  a  time,  with  the  screw- 
driver, until  the  proper  adjustment  is  obtained.    After  the  adjustment 
has  been  made  a  full  turn  of  the  point  bearing  in  the  nut  q  would  crush 
the  sharp  point  of  the  bearing  e  into  the  inverted  cone  of  the  cup 
8haft  and  break  the  point.     After  the  point  has  been  satisfactorily 
adjusted  remove  the  nut  q^  with  the  point  in  it,  put  the  lock  nut  on 
the  point,  and  draw  it  down  on  the  face  of  the  large  nut  and  thus  pre- 
serve the  adjustment.     Should  the  adjustment  of  the  meter  be  too 
tight  the  i*esult&  obtained  from  its  use  will  be  erroneous.     An  exami- 
nation of  the  meter  when  received  from  the  Survey  will  give  an  idea 
of  the  proper  adjustment.     Do  not  disturb  the  adjustment  of  the 
meter  unless  it  is  necessary  to  put  in  a  new  point  bearing. 

Section  A-A,  fig.  5,  shows  the  construction  of  the  binding  post  and 
contact  spring  of  the  meter.     A  flexible,  well-insulated  copper  wire 
(No.  20,  or  smaller),  is  drawn  through  the  metal  loop  g  of  the  yoke  6>, 
and  the  end  of  the  wire  free  from  insulation  is  thrust  into  the  metal 
binding  post  d  and  secured  by  the  small  set  screw.     This  metal  bind- 
ing post  terminates  in  a  slender  platinum  spring  [a)^  which  extends 
through  the  hard  rubber  nipple  c  into  the  contact  chamber  to  m.     The 
top  or  upper  end  of  the  cup  shaft  terminates  in  the  contact  chamber 
with  an  oval-shaped  eccentric  (m),  which  makes  a  contact  with  the 
spring  a  at  each  revolution  of  the  meter  cups.     This  contact  can  be 
prolonged  or  shortened  by  bending  the  point  of  the  contact  spring  in 
the  contact  chamber  in  the  desired  direction.     The  oval-shaped  eccen- 
tric end  of  the  cup  shaft  is  detachable,  and  can  be  removed  by  taking 
off  the  cap  R,  holding  the  cups  firmly,  and  applying  a  screw-driver  to 
the  small  slotted  head. 

The  insulating  nipple  c  is  made  of  hard  rubber,  and  is  likely  to  break 
if  the  binding  post  d  receives  a  sharp  blow.  An  extra  insulating 
nippple  will  be  found  in  the  small  tin  case  in  the  meter  box.  Before 
removing  or  replacing  the  binding  post  d^  take  out  the  eccentric- 
shaped  top  of  the  cup  shaft  m.  If  this  is  neglected  the  contact  spring 
will  be  destroyed  by  the  turning  of  the  binding  post. 

In  using  and  handling  the  meter  care  should  be  taken  that  it  does 
not  fall  or  get  a  hard  knock  which  may  injure  the  cups  or  cup  shaft. 
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An  injury  to  either  will  change  the  rating  of  the  meter,  and  if  th:^ 
occurs  it  should  be  immediately  returned  to  headquarters  for  repairs 
When  using  the  meter  in  streams  containing  grass  or  moss,  examine 
the  instniment  frequently  to  see  that  nothing  has  lodged  on  or  T^^rappec 
around  the  cup  shaft  n. 

If  the  meter  has  not  been  used  for  some  time  before  a  measuremert 
is  made  it  should  be  carefully  cleaned  and  oiled. 

BATTERY   AND   BUZZER. 

In  cliarging  the  battery  cell  used  with  the  electric  buzzer  furnished 
with  the  current  meter,  one-half  teaspoonful  of  bisulphate  of  mercury 
is  sufficient.  Fill  the  cell  with  water  and  insert  the  zinc  pole  writh  tb*- 
rubber  stopper  attached.  When  putting  the  battery  cell  in  the  leathtr 
case  be  sure  that  the  small  platinum  point  on  the  lower  end  of  the  ct'Il 
and  the  screw  head  of  the  rubber  stopper  make  perfect  contact  with 
the  copper  plates.  If  the  buzzer  makes  but  a  faint  clicking  sound 
instead  of  a  buzz,  remove  the  metal  cap  covering  the  buzzer,  and 
with  a  knife  blade  adjust  the  small  upright  brass  point  by  bendin*: 
until  the  armature  produces  the  desired  sound.  Never  allow  the  liquid 
to  remain  in  the  battery  cell  over  night,  as  it  will  generate  gas  and 
produce  pressure  sufficient  to  cause  the  cell  to  leak  at  the  rubl>»?r 
stopper,  and  the  solution  escaping  will  destroy  the  leather  of  the  braN- 
parts  of  the  buzzer.  When  measurements  are  needed  requiring  a 
long  time  for  completion  the  stopper  should  be  removed  occasionally 
to  relieve  the  pressure  due  to  the  gas. 

When  preparing  to  make  a  discharge  measurement  charge  the  battery 
cell  of  the  buzzer,  remove  the  meter  from  the  case,  take  out  the  weights, 
weigh  stem  and  vane,  combine  them  as  in  fig.  6,  and  attach  them 
to  the  meter  with  the  spring  pin  provided;  turn  up  the  milled  sleeve  i*; 
be  sure  that  the  meter  is  well  oiled,  and  turn  the  cups  to  see  that  they 
revolve  freely  and  that  the  buzzer  responds  to  each  revolution- 
After  making  a  discharge  measurement,  or  at  the  close  of  a  dayV 
work  with  the  meter,  unscrew  the  large  nut  j,  with  the  point  bearing 
in  it,  and  examine  the  point  carefully  to  detect  injury.  With  a  piece 
of  soft  cloth  remove  the  water  in  the  opening  at  the  lower  end  of  the 
cup  shaft,  oil  generouslj^,  and  replace  the  bearing.  Then  remove  the 
screw  cap  R,  turn  the  meter  over  to  allow  the  water  to  run  out  of  the 
contact  chamber,  put  in  a  plentiful  supply  of  oil,  and  replace  the  cap: 
this  protects  the  top  of  journal  bearing  of  the  cup  shaft  from  rustinp. 
After  this  has  been  done  turn  down  the  milled  sleeve  i,  to  protect  the 
point  bearing  while  carrying  the  meter,  remove  the  battery  cell,  empty 
out  the  liquid,  wash  the  cell  with  water,  and  pack  the  meter  carefully 
in  the  case,  when  it  will  be  ready  for  future  lise. 
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RBRATING   OF  MSTTERS. 


Whenever  a  meter  point  is  found  to  be  broken  or  injured  it  should 
be  replaced  by  the  other  point  bearing  which  accompanies  the  meter. 
If  the  cups  are  injured  or  the  cup  shaft  is  bent  the  meter  should  at 
once  be  sent  to  headquarters  for  repairs.  Every  meter  that  has  been 
used  to  any  considerable  extent  after  I'ating  should  be  rerated  before 
the  beginning  of  the  next  field  season. 

For  description  of  meter- rating  stations  and  method  of  rating  meters 
see  Water-Supply  and  Irrigation  Paper  No.  56,  page  34. 

The  rating  table  of  a  small  Price  meter  when  held  with  a  rod  differs 
somewhat  from  that  applicable  to  a  similar  meter  when  held  with  a 
cable  and  free  to  tip,  so  that  if  this  meter  is  used  with  a  rod  care  must 
be  taken  to  employ  the  proper  rating  table. 

RECORDS  ANT)  REPORTS. 

General  statemetxt. — ^The  regulations  which  govern  all  work  done  by 
the  United  States  Geological  Survey  require  that  all  original  records 
of  data  collected  shall  be  filed  for  public  reference  at  the  office  of  the 
Survey,  in  Washington.  These  records  should  be  so  clear  and  full  in 
all  respects  that  they  will  be  intelligible  at  any  time  to  engineers  and 
other  persons  who  may  desire  to  consult  them. 

Ihities  of  district  hyd/rographers  and  engineers, — ^In  order  to  sys- 
tematize stream  measurements  the  country  has  been  divided  into  dis- 
tricts, each  of  which  has  been  placed  under  the  supervision  of  a  district 
hydrographer  or  engineer.  It  is  the  duty  of  this  officer  to  superintend 
all  stream  measurements  in  his  territory,  and  he  is  held  responsible  to 
the  chief  engineer  for  the  character  of  the  work  done  by  the  men  under 
him.  He  should  have  immediate  supervision  of  all  the  more  impoilant 
features  of  the  work  which  can  not  be  intrusted  to  his  assistants.  The 
stream-gaging  work,  which  is  carried  on  in  connection  with  the  inves- 
tigation of  irrigation  projects,  should  be  under  the  direct  charge  of  a 
man  designated  by  the  district  engineer,  through  whom  he  shall  report. 
This  man  should  be  held  responsible  for  the  proper  execution  of  all 
stream-measurement  work,  and  all  data  concerning  such  work  must  be 
ti-ansmitted  through  him. 

Care  in  keeping  records. — As  the  work  of  the  Government  is  for  the 
general  public,  it  is  subject  to  more  severe  criticism  than  the  work  of 
private  engineers.  -  It  is  therefore  essential  that  great  care  be  taken  in 
the  work  and  that  every  possible  excuse  for  criticism  be  eliminated. 
All  necessary  notes  should  be  taken  in  the  field,  and,  as  a  special  pre- 
caution, at  the  end  of  each  day's  work  notebooks  should  be  reviewed 
and  amplified  while  the  facts  and  conditions  are  still  fresh  in  the  mind 
of  the  hydrographer  or  engineer.     Careful  cross  references  should  be 
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made,  and  sketches  to  show  the  relative  location  and  details  of  special 
features  should  be  freely  used. 

Computing  field  notes. — Original  computation  of  all  field  notes  should 
be  made,  when  possible,  in  the  field,  or  the  notes  should  be  computed 
at  as  early  a  date  as  possible,  and  in  no  case  should  the  hydrographer 
allow  large  quantities  of  undigested  data  to  accumulate. 

Cliecking  of  records. — All  records  and  notebooks  should  be  examined 
and  checked  before  they  are  transmitted  to  the  Washington  office.  In 
order  to  fix  the  responsibility  for  errors  each  book  or  sheet  should  lie 

stamped  and  initialed  "Computed  by ,"  *' Computations  check(*d 

by :,"  or  "Examined  by ."     All  records  are   carefully 

examined  at  the  Washington  office,  and  if  incomplete  they  will  l>e 
returned  to  the  district  engineer  or  hydrographer  for  correction  aiid 
amplification. 

Duplicate  records, — The  district  hydrographer  may  cause  to  be  pre- 
pared such  duplicate  copies  of  original  notes  as  may  be  necessary  fur 
reference  in  his  office.  Too  much  duplication  should  be  avoiiled. 
The  original  records  may  be  loaned  at  any  time  from  the  files  of  the 
Washington  office. 

Tran^viission  ofddta  to  Washington  office. — All  data,  correspon<ien<-e, 
and  other  matfirial  from  each  hydrographic  district  should  be  tnan>- 
mitted  through  the  district  hydrographer  or  engineer  to  the  Wa^^h- 
ington  office.  This  material  should  be  initialed  by  the  distri<t 
hydrographer -or  by  some  one  designated  b}^  him.  With  the  exception 
of  single  gage-height  and  discharge-measurement  cards,  mailed  a> 
postal  cards,  all  data  sent  should  be  accompanied  by  a  letter  statin^: 
the  amount  and  character  of  material  furnished.  No  data  will  Im» 
accepted  by  the  Washington  office  which  is  not  O.  K.'d  by  the  district 
hydrographer  or  by  some  one  designated  by  him. 

Standard  f onus. — As  far  as  possible  the  standard  forms  furnisluKl 
by  the  Survey  should  be  used  in  transmitting  data.  Such  informa- 
tion as  can  not  be  written  on  these  forms  and  cards  mav  be  tranj^- 
mitted  on  the  separate  sheets  of  paper  furnished  by  the  Sur\'ev. 
These  sheets  should  be  of  the  standard  letter  size,  8  bv  10  inches^,  r> 
this  is  the  size  for  which  the  file  boxes  of  the  Washington  office  are 
designed.  Pieces  of  paper  of  odd  sizes  should  not  be  used  either  for 
drawings  or  reports.  Sketches  and  maps  accompanying  report^* 
should,  whenever  possible,  either  be  on  paper  of  standard  size,  or 
should  be  folded  to  conform  with  this  size  in  order  that  thev  mav  tn? 
filed  with  the  written  reports. 

The  following  is  a  list  of  the  forms  which  have  l>een  adopted  ftir 
general  use  in  hydrographic  work.  These  are  intended  both  to  mini- 
mize and  simplify  the  work.  Whenever  forms  become  t/K)  nunieroiH 
they  lose  their  usefulness.     Every  effort  has,  therefore,  been  made  to 
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reduce  the  number  of  forms  to  a  minimum  and  to  prepare  these  in 
the  simplest  manner  possible. 

List  of  standard  forms, 

OAQB-HBiaHT  FORMS. 

Form  9-176, — Gage-height  cards,  for  transmitting  observer's  daily  gage  readings  to 
the  resident  and  district  hydrographer,  to  be  forwarded  to  the  Washington  office. 

Form  9-176, — Observer's  gage-height  books,  for  recording  daily  gage-heights  at 
river  stations. 

Form  9-SlfS. — Daily  gage-height  fomi,  for  tabulating  daily  gage-heights,  arranged 
by  months,  with  sufficient  space  for  one  year's  records. 

DIBCHABOB-MBABUREBOSNT  FORMS. 

Form  9-198, — Current^meter  notebooks  for  recording  notes  of  discharge  measure- 
ments, vertical-velocity  curves,  and  other  meter  work. 

Form  9-221. — Card  for  reporting  dischai^  measurements  to  the  Washington  office. 

Form  9-S07. — For  tabulating  discharge  measurements  for  regular  stations,  with 
spaces  for  all  necessary  data. 

Form  9-B2S, — For  tabulating  miscellaneous  discharge  measurements. 

Form  9-244' — For  describing  the  method  of  and  for  reporting  miscellaneous  dis- 
charge measurements  made  by  floats,  to  be  used  in  regular  work. 

COMPUTATION   FORMS. 

Form  9-192. — For  tabulating  daily  gage  heights  and  their  corresponding  discharges, 
with  spaces  for  totals,  monthly  means,  and  run-offs.  The  form  provides  for  one  year's 
records,  arranged  by  months. 

Form  9-210. — For  tabulating  station  rating  tables. 

Form  9-206, — For  tabulating  meter  rating  tables. 

REPORT   FORMS. 

Form  9-197. — Description  of  river  stations;  to  be  used  for  describing  both  temporary 
and  permanent  stations. 

Form  9-2S7. — For  reporting  the  conditions  at  river  stations  and  giving  the  cost  of 
maintenance. 

Form  9-2 IS. — For  reporting  changes  and  other  information  in  regard  to  river 
stations. 

Form  9-171. — Monthly  report  on  river  stations. 

Form  9-245. — Monthly  report  of  services,  giving  daily  employment. 

VOUCHERS   AND   MISCELLANEOUS   FORMS. 

Form  9-2S0, — A  blank  form  ruled  for  miscellaneous  tabulation. 

Form  9-904- — Cross  section  notebook. 

Form  9-90S, — ^Level  notebook. 

Form  9-26S, — Index  blanks  for  notebooks. 

Form  9-019a. — Subvouchers. 

Form  9-009. — Service  vouchers  for  field  men. 

Form  9-005. — Field  vouchers. 

Form  9-015. — ^Traveling  expense  vouchers. 

Fbrm  9-918. — Expense  account  notebook. 

Aside  from  these  forms,  which  are  in  general  use,  there  are  several 
forms  which  are  used  in  the  Washington  office  and  in  special  work, 
wa94— 04 3 
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Hydrographers  desiring  forms,  for  any  purpose  will  kindly  forward 
a  description  of  what  they  want,  and  they  will,  as  far  as  possible^  be 
supplied. 

rNSTBUCnONS  FOR  USE  OF  FORBCS. 

Observers^  gage-height  books  (form  9-176). — In  the  observers'  gage- 
height  books  are  recorded  the  daily  stage  of  rivers,  together  with 
miscellaneous  information,  such  as  data  in  regard  to  floods,  ice,  weather 
conditions,  etc.  The  observer  should  be  instructed  and  trained  to 
keep  the  books  in  as  legible  condition  as  possible,  and  to  insure  thid 
the  hydrographer  should  inspect  the  gage-height  book  at  each  visit  to 
the  station.  At  the  end  of  each  year  the  observer  should  be  furnished 
with  a  new  book  and  the  old  one  should  be  returned  to  the  district 
hydrographer's  office,  where  it  should  be  examined,  checked,  and  for- 
warded to  the  Washington  office  for  filing. 

Gage-height  cards  {form  9-176). — Gage-height  cards  should  be  made 
out  at  the  end  of  each  week  by  the  local  observer  and  mailed  to  the 
district  hydrographer's  office,  where  they  should  be  carefully  exam- 
ined.  In  this  examination  all  missing  data,  such  as  the  date,  name  of 
station,  river.  State,  etc.,  should  be  supplied.  The  gage  heights  should 
be  compared  with  the  gage  heights  for  previous  weeks  to  see  that  no 
unaccountable  changes  due  to  error  in  reading  the  gage  have  been 
reported,  and  the  column  for  means  should  be  filled  in.  A  copy  of 
the  data  on  the  cards  should  be  made  for  the  office  of  the  district 
hydrographer  and  the  originals  should  then  be  forwarded  to  the 
Washington  office. 

Current-meter  notebooks  {form  9-198). — In  these  books  are  recorded 
the  field  notes  of  discharge  measurements  and  vertical  velocity  curves. 
In  all  cases  the  original  data  should  be  written  in  the  book  at  the  time 
of  the  measurement.  In  no  case  should  it  be  copied  from  rougii 
notes  in  other  books.  Explanatory  notes,  cross  references,  and 
sketches  should  be  added  at  the  end  of  each  day's  work.  The  blank 
spaces  at  the  head  of  each  page  are  to  be  filled  in;  also  the  oolumn^ 
for  the  original  data.  In  the  column  headed  ^^  Depth  of  observation'' 
the  exact  depth  for  each  observation  should  be  recorded;  ''at  0.6 
dep/th"  is  not  sufficient;  the  position  of  the  initial  point,  edges  of 
water,  edges  of  dead  water,  and  number  of  channels  should  be  stated; 
also  the  direction  and  force  of  the  wind,  roughness  of  the  bed,  and  any 
other  factors  on  which  the  accurac}'^  of  the  work  depends.  A  state- 
ment of  the  reliability  of  the  -  results  should  be  made  in  the  notes. 
If  the  measurement  is  not  made  at  the  station  the  approximate  dis- 
tance and  a  brief  statement  of  the  conditions  at  the  places  of  measure- 
ment should  be  made.  The  velocity  at  the  water's  edge  and  at  the 
edge  of  piers,  shoals,  etc.,  should  be  estimated  and  recorded.     The 
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cross-section  pages  at  the  end  of  the  book  are  to  be  used  for  sketches 
and  additional  explanatory  notes.  Cross-reference  notes  should  be 
made  referring  to  these  pages.  Page  48  shows  a  sample  page  of  cur- 
rent-meter notes  with  the  computations  for  the  same. 

Discharge  rri'Sasurement  cards  {form  9-221). — These  are  to  be  made 
out  by  the  hydrographer  and  sent  to  the  local  oiBce  when  the  meas- 
urements are  computed.  Care  should  be  taken  to  fill  out  all  portions 
of  the  card.  Special  attention  is  called  to  the  remarks  and  the  por- 
tion for  ^^  gage  verified  and  found"  (seep.  16  for  explanation).  Meas- 
urement is  not  complete  without  this  data.  Either  ^^At  permanent 
station,"  ''Temporary  station,"  or  '^ Miscellaneous  measurements" 
should  be  crossed  out,  so  that  the  card  shows  at  once  to  which  class  of 
measurements  it  belongs.  All  cards  should  be  carefully  examined 
before  they  are  sent  to  the  Washington  office. 

Form  9-213. — ^In  order  that  the  office  may  keep  a  complete  and  sys- 
tematic record  of  all  the  changes  and  additions  at  river  stations,  such 
as  new  gages,  bench  marks,  changes  in  the  river  bed,  equipment,  etc., 
form  9-213  has  been  prepared.  This  form  is  to  be  used  in  sending  in 
to  the  office  any  data  in  regard  to  the  regular  river  stations  which 
affect  the  measurements  or  the  station  in  any  way.  These  forms  are 
filed  with  the  regular  data  for  the  station,  and  are  necessary  in  order 
that  the  Washington  office  may  thoroughly  understand  the  conditions 
under  which  the  station  has  been  maintained  and  the  measurements 
made. 

Description  of  river  stations  {form  9-197). — Special  care  should  be 
taken  in  filling  out  the  description  of  stations.  The  description 
should  be  so  clear  that  with  it  a  stranger  could  go  to  the  locality  and 
be  able  to  continue  the  work  at  the  station.  The  name  of  the  station 
should  be  carefully  chosen,  and  it  should  definitely  locate  the  station 
with  respect  to  some  of  the  prominent  features  in  the  vicinity,  as 
above  or  below  some  creek  or  tributary,  at  a  certain  bridge,  near  a 
certain  township  line,  etc.  If  there  has  ever  been  another  station  on 
the  same  stream  in  the  vicinity  of  the  new  station,  the  relative  loca- 
tion of  these  two  stations  should  be  stated,  and,  if  possible,  the  relation 
of  the  zeros  of  the  two  gages.  In  order  to  facilitate  the  preparation 
of  rating  curves  it  is  desirable  that  care  be  taken  in  preparing  a 
sketch  of  the  cross  section  of  the  stream.  This,  with  the  other 
sketches,  may  be  made  on  cross-section  paper  and  attached  to  the 
description.  It  is  also  desirable  to  cut  from  a  topographic  sheet 
or  some  other  map  a  section  which  will  show  the  location  of  the 
station. 

Indexing  not^)ooTcs. — All  notebooks  should  be  carefully  indexed  on 
the  regulation  blank  9-253  before  they  are  forwarded  to  the  Washing- 
ton office.    The  index  slip  should  be  left  loose  in  the  book,  in  order 
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that  the  file  clerk  may  more  readily  check  the  contents.    It  will  then  be 
pasted  on  the  cover.     The  following  shows  a  sample  of  the  indexing: 

9-253  DEPARTMENT  OF  THE  INTERIOR. 

UNITED   STATES  GEOLOGICAL  SURVEY. 

HYDROGRAPHIC  RECORDS. 

Kind  of  notes,  Current-Meter. 

File  No.,  6S99. 

Date  received,  February  i,  1904, 

Hydrographere,  Chandler j  E,  -F.,  and  EichardSj  R, 


Stream. 


Heart 


Little  Missouri 

Mouse 

Pembina 

Red  Lake 


(( 


(( 


Red  River  of  the  North. 

n        it        ^^     n         n 


Locality. 


Church^   ranch   {Rich- 
arJton). 

Medora 

Minot 

Neche 

Crookslon 

E.  Grand  Forks 

Grand  Forks 

"        "  {above  forks) 


State. 


N.Dak 

ii 
if 
(f 

Minn . . 
It 

N.Dak 

tt 


Date. 


PM^. 


1905. 
S.  6 


it 


s.es 

0. 1^ i 

Ag.  4 

Ag.  1,4 

Ag.  1,4 


P,  ll-li 

10 

13-14 

i-- .  4 
,i,5 


Note.— Rivers  to  be  arranged  in  alphabetical  order.    The  same  entries  occurring  f$everal  time» 
should  be  entered  but  once  and  the  various  pages  given. 

If  references  are  to  consecutive  pages  use  dash,  e.  g.,  9-12;  if  not  to  consecutive  pages,  use  comma, 
e.  g.,  1,  3,  5,  8. 

^nter  under  the  noun,  except  where  the  adjective  is  a  recognized  part  of  the  name,  thus,  PUtte. 
South  fork;  but  North  Platte,  Little  Missouri. 

Kinds  of  reports. — Reports  in  general  may  be  divided  into  two 
classes:  First,  the  regular  monthly  reports  of  work  accomplished;  sec- 
ond, special  reports  transmitting  data  or  information  to  the  oflSce. 
The  regular  monthly  reports  are  intended  to  give  the  hydrographer 
an  idea  of  the  work  that  is  being  done  and  the  progress  that  is  being 
made.  The  reports  containing  data  go  into  the  oflSce  files  hs  perma- 
nent records  and  are  used  in  making  up  the  publications.  An  effort 
should  be  made  to  maintain  this  division. 

Use  of  maps  and  sketches. — In  all  reports,  descriptions  of  stations 
etc.,  maps  and  sketches  should  be  freely  used  tx)  show  the  location  of 
river  stations,  the  sections  of  the  country  visited,  and  other  detailb. 
In  case  topogiTiphic  sheets  have  been  prepared  for  the  region  under 
investigation  the  hydrographer  should  supply  himself  with  copies  of 
these  sheets  and  make  use  of  such  portions  of  them  as  cover  the  terri- 
tory examined.  Upon  these  maps  special  features  should  be  shown. 
In  the  absence  of  topographic  sheets  land  office  and  other  maps  shoidd 
be  used. 

Repin^t  maps. — Each  district  hydrographer  should  prepare  a  map  of 
his  territory  from  the  best  maps  available.     This  map  should  show« 
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with  their  nauien,  the  principal  streams  and  other  features  on  which 
work  will  be  carried  on.  He  should  divide  his  territory  into  its  prin- 
cipal drainage  areas  and  indicate  them  on  the  map.  When  this  divi- 
sion has  been  decided  upon,  it  should  be  carefully  adhered  to,  so  that 
the  measurements  and  other  work  can  be  referred  to  drainage  areas. 
These  maps  may  be  prepared  on  tracing  cloth,  and  from  them  the  Wash- 
ington office  can  make  a  paper  negative,  from  which  as  many  copies 
as  desired  can  be  supplied.  This  map  is  desired  for  use  in  reports. 
With  each  report  a  map  should  be  transmitted  showing  the  localities 
that  have  been  investigated,  which  should  be  referred  to  by  number,  so 
that  the  chief  engineer  can  at  a  glance  see  what  is  being  done. 

Monthly  reports. — A  monthly  report  of  the  district  hydrographer  is 
to  he  made  up  of — 

(a)  A  brief  written  report  stating  what  was  done  during  the  month 
and  the  condition  of  the  work. 

(b)  Form  9-171,  on  which  shall  be  given  an  alphabetical  list  of  the 
river  stations  in  each  State  in  his  district.  Stations  in  different  States 
should  not  be  shown  on  the  same  sheet,  as  these  sheets  are  filed  by 
States,  so  that  separate  sheets  should  be  prepared  for  separate  States. 
In  the  column  of  remarks,  such  notes  as  "New  bench  mark  estab- 
lished," "Station  discontinued"  (with  date),  "Station  established" 
(with  date),  "Temporarily  closed,"  etc.,  are  to  be  given.  Names  of 
the  stations  which  are  temporarily  closed  should  be  kept  on  the  list 
until  they  are  discontinued. 

(c)  Form  9-245  is  designed  for  use  by  each  man  under  the  district 
hydrographer.  On  this  form  should  be  briefly  stated  what  the  em- 
ployee did  on  each  day  during  the  month.  Such  general  statements  as 
clerical  work,  field  work,  etc.,  are  not  sufficient.  In  preparing  the 
monthly  report  it  is  suggested  that  the  district  hydrogmpher  should 
have  each  man  under  him  fill  out  form  9-245  and  form  9-171  for  the 
stations  which  he  has  visited.  From  these  two  forms  the  general 
monthly  report  can  be  taken. 

Each  field  assistant  and  a  distant  hydrographer,  when  on  field  trips, 
should  report  to  the  district  office  immediately  after  visiting  a  station 
or  after  completing  a  reconnaissance  or  any  piece  of  work,  the  gen- 
eral results  of  the  work  done,  and  such  detailed  information  as  is 
necessary  in  making  up  the  monthly  report  for  that  district.  This 
enables  the  district  hydrographer  to  complete  his  report  without  wait- 
ing for  the  return  of  an  assistant  who  is  making  an  extended  trip. 

Resident  hydrographer^ s  mofithly  report. — ^The  following  is  a  sample 
form  for  monthly  report  of  resident  hydrographer: 

Atlanta,  Ga.,  October  Sly  190S. 
Mr.  F.  H.  Newell,  Chief  Engineer, 

Dear  Sib:  The  following  is  a  report  of  hydrographic  work  carried  on  in  the  States 
of  Alabama,  Georgia,  and  Tennessee  during  the  month  of  October,  1903: 

The  lollowing  men  were  engaged:  Messrs.  M.  B.  Hall,  J.  M.  Giles,  and  O.  P. 
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Hall  of  the  regular  force,  and  Messrs.  W.  G.  Green  and  6.  S.  Diane  of  the  temporarr 
force.    Their  duties  were  as  follows: 

M.  R,  Hall  had  general  supervision  of  the  work,  spent  ten  days  in  the  office  in 
general  correspondence,  preparation  of  descriptions,  computation  on  meter  doIms, 
and  miscellaneous  duties.  The  remainder  of  the  month  was  spent  in  wiaVii^  a 
reconnaissance  of  Flint  River  and  its  tributaries. 

J.  M.  Giles  spent  the  whole  month  in  the  field,  making  meter  measoiemaita, 
repairing  gages,  and  establishing  bench  marks. 

0.  P.  Hall  spent  the  whole  month  in  the  office,  plotting  dischai^Re  measuiementt* 
and  making  rating  tables. 

W.  G.  Green  was  employed  for  ten  days  during  the  month  in  making  low-walc-r 
measurements. 

B.  S.  Drane  was  employed  for  twenty  days  during  the  month,  ten  of  which  wei« 
spent  in  the  field  assisting  in  the  reconnaisBanoe  of  Flint  River;  the  remainder  of  the 
time  was  spent  in  the  office  working  on  the  report  of  the  work. 

The  accompanying  lists  show  the  distribution  of  the  gaging  stations  in  the  various 
States;  also  the  work  done  at  each  station.  On  the  index  map  is  indicated  the 
location  of  the  stations  and  of  the  localities  investigated. 

The  accompanying  reports  and  forms  give  a  portion  of  the  data  mentioned  in  this 
report    The  remaining  data  will  follow  in  a  few  days. 
Very  respectfully, 

M.  R.  Hall,  Hydrogrctpher. 


9-171.  DEPARTMENT  OF  THE  INTERIOR. 

UNITED    STATES   GEOLOGICAL   SURVEY. 

DIVISION  OP  HYDROGRAPHY. 

Adanba,  Ga.,  October  SJ^  1905. 

Mr.  F,  H.  NeweU, 

In  charge  of  Divison  of  Hydrography. 

Sir:  The  following  is  a  brief  statement  of  the  hydrogiaphic  work  preformed  during  ih»  mcmtli  oi 
November,  1905,  under  the  direction  of  M.  R.  Hall; 

RIVER  STATIONS  MAINTAINED,  ESTABLISHED,  OR  DISCONTINUED. 


Stream. 

Station. 

State. 

No.ofdlfl-' 
-  charge 
measure- 
ments. 

Remarka 

Alabama  River 

Montgomery 

Alabama,. . . 

0 

New  B,  M,  eMablitkrd 
Nov.  15,  190S, 

Alabama  River 

Selma 

1 

Black  Warrior  R 

Cordova 

0 

Black  Warrior  R 

Tuscaloosa 

0 

Discontinued  Not.  Sf.K 
190S. 

Cahaha  River 

CenterviUe 

2 

Choccolocco  Cr 

Jenifer 

1 

Cboaa  River 

Riverside 

1 

Gage  washed  cut.  Nor. 
10;  replaced  Nor.  £0. 

Under ' '  Remarks ' '  state  date  of  establishment  or  discontinuance,  changes  in  gage,  intetmptioQS  tn 
observations,  etc.  A  brief  report  covering  any  matters  of  interest  occurring  during  the  month,  and 
form  9-245,  should  usually  accompany  this  form.  These  make  up  the  monthly  reports  of  the  r»ident 
hydiogiaphen. 
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9-245.  DEPARTMENT  OP  THE  INTERIOR. 

UNITED    STATES    GEOLOGICAL    SURVEY. 

HTDROQRAPHIC  BRANCH. 

Report  of  servicee  rendered  by  /.  if.  Oiles  during  month  of  November ^  190^. 

[To  accompany  vouchers  form  9-009  or  sabyoachera  9-019,  ^ylng  briefly  the  character  of  work  per- 

formed  each  day.] 


1.  Sunday. 


2.  Plotting  djscharge  meamrementSf  checking  gage-height  cards. 


3.  Oeneral  correspondence  and  report  on  reconnaissance  of  Flint  River. 


4.  'Measured  discharge  of  Alahama  River  at  SaUm^  en  route  to  Montgomery. 


5.  Measured  discharge  of  Alabama  River  at  Montgomery. 


6.  Computing  discharge  metuuremerUs  and  general  correspondence. 


7.  Making  up  monthly  reports. 


I  certify  that  the  services  were  rendered  as  above  stated. 

/.  M.  QUes. 
Approved  by  if.  R.  HaU. 

jReports  on  reconnaissance^  surveys^  investigations,  etc. — As  soon  as 
practicable  after  the  completion  of  the  reconnaissance  work,  surveys, 
investigations,  etc.,  a  comprehensive  report  should  be  transmitted, 
stating  concisely  the  information  collected  and  the  deductions  which 
have  been  made,  based  upon  the  investigations.  It  is  not  desirable  to 
accumulate  data  for  a  semiannual  or  yearly  report.  The  material 
should  be  separated,  as  far  as  possible,  into  independent  unit  reports, 
and  these  should  be  transmitted  as  the  work  progresses. 

Reporting  new  river  staiions.  — When  a  river  station  is  established  a 
statement  should  be  transmitted,  together  with  a  description  of  the 
station,  on  form  9-197,  stating  the  general  reasons  for  establishing 
the  station  and  the  conditions  which  led  to  its  establishment  at  the 
particular  site  selected. 

Autlwrity  for  carrying  on  worJc. — At  the  beginning  of  each  season 
or  before  starting  work  which  involves  a  considerable  expenditure  of 
money,  the  hydrographer  or  engineer  in  charge  should  submit  for  the 
approval  of  the  chief  engineer  a  brief  outline  of  the  work  which  it  is 
proposed  to  carry  on.  This  should  state  the  purpose  for  which  the 
data  are  to  be  collected,  the  cost,  and  other  details  which  will  give  the 
chief  engineer  an  idea  of  what  it  is  proposed  to  do.  Approval  of  the 
plan  is  to  be  considered  authority  for  carrying  on  such  investigations 
as  may  be  deemed  necessary  to  accomplish  the  end  desired. 

Fumishmg  vnformation  to  the  public, — All  data  collected  by  Survey 
employees  should  be  submitted  to  the  Director  through  the  hydrogra- 
pher-in-charge  before  it  is  given  to  the  public.  In  general,  requests 
for  data  which  are  ready  for  distribution  should  be  addressed  to  the 
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Director  or  the  hydrographer-in-charge  at  Washington.  When,  how- 
ever, requests  are  received  by  the  district  hydrographers  or  en^neers 
they  may  furnish  the  information  direct,  if  in  so  doing  they  are  satL^- 
fied  that  the  Survey  will  be  in  no  way  involved.  Copies  of  all  such 
requests  and  their  answers  should  be  sent  to  the  hydrographer-in- 
charge  for  the  Washington  letter  files.  When  the  district  hydrogra- 
pher  receives  requests  for  data  and  he  has  some  doubt  concerning 
the  advisability  of  complying  with  the  request,  he  should  prepare  a 
letter  containing  the  information  desired,  for  the  signature  of  the 
hydrographer-in-charge,  who  will  decide  whether  the  information 
should  be  given  out.  A  carbon  copy  of  the  reply,  with  the  answer 
and  original  request,  should  accompany  the  original  request,  so  that  a 
record  of  the  data  furnished  may  be  kept  in  the  Washington  ofiice. 

Miscellaneous  inforjnution. — It  is  expected  that  each  district  hydrog- 
rapher  and  his  assistants  shall  be  on  the  lookout  for  any  valuable 
information  on  the  hydrography  of  the  section  in  which  they  happen 
to  be.  This  information  should  be  systematically  collected  and  care- 
fully filed  and  indexed  so  as  to  be  easily  consulted.  It  is  suggested 
that  each  employee  supply  himself  with  a  small  pocket  case  to  hold 
3  by  5  inch  index  cards.  When  in  the  field,  items  of  importance  may 
be  noted  on  these  cards,  one  subject  to  a  card,  and  these,  when  filed  in 
the  oflSce,  will  be  a  valuable  source  of  information. 

Publications  containing  progress  reports  of  stream  ineas^LremenU. — 
The  progress  report  of  stream  measurements  for  each  year  contains 
the  results  of  the  year's  field  work,  including  all  original  data,  such  as 
gage  heights  and  discharge  measurements,  together  with  the  ofiice 
computations. 

The  following  is  a  list  of  these  publications  by  years: 

1888.  Tenth  Annual  Report,  Part  I. 

1889.  Eleventh  Annual  Report,  Part  II. 

1890.  Twelfth  Annual  Report,  Part  II. 

1891.  Thirteenth  Annual  Report,  Part  III. 

1892.  Fourteenth  Annual  Report,  Part  II. 

1893.  Bulletin  No.  131. 

1894.  Sixteenth  Annual  Report,  Part  II.    Bulletin  No.  131. 

1895.  Seventeenth  Annual  Report,  Part  II.     Bulletin  No.  140. 

1896.  Eighteenth  Annual  Report,  Part  IV.    Water-Supply  Paper  No.  11. 

1897.  Nineteenth  Annual  Report,  Part  IV.    Water-Supply  Papers  Nos.  15,  16. 

1898.  Twentieth  Annual  Report,  Part  IV.     Water-Supply  Papers  Nos.  27,  28. 

1899.  Twenty-first  Annual  Report,  Part  IV.  Water-Supply  Papers  Noe.  35  to  39» 
inclusive. 

1900.  Twenty-second  Annual  Report,  Part  IV.  Water-Supply  Papers  Noe.  47  to 
52,  inclusive. 

1901.  Water-Supply  Papers  Nos.  65,  66,  and  75. 

1902.  Water-Supply  Papers  Nos.  82  to  85,  inclusive, 

1903.  Water-Supply  Papers  Nos.  97  to  100,  inclusive. 
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The  supply  of  these  publications  is  rapidly  becoming  exhausted,  and 
manj-  of  them  can  be  obtained  only  through  members  of  Congress  or 
by  purchase  from  the  Superintendent  of  Public  Documents,  Wash- 
ington, D.  C,  or  at  some  second-hand  book  store.  District  and  resi- 
dent hydrographers  should  endeavor  to  obtain  a  complete  set  of  the 
above  papers  for  their  office  files,  and  they  and  their  assistants  should 
familiafize  themselves  with  their  contents  in  order  that  they  may 
know  what  work  has  been  done  by  the  Survey. 

Miscdlaneons  hydrographic  reports. — Aside  from  the  publications 

containing  yearly  progress  reports,  mentioned  above,  special  reports 

on  various  hydrographic  subjects  are  prepared  and  published  from 

time  to  time,  in  the  series  of  Water-Supply  and  Irrigation  Papers. 

These  papers  contain  valuable  information,  and  they  should,  as  far  as 

possible,  be  examined  and  studied  by  each  man  in  the  Survey,  and 

special  attention  should  be  given  to  those  relating  to  methods  of  the 

work  ^ 

COMPUTATIONS. 

Rating  curves  and  tables. — ^The  object  of  taking  gage  heights  and 
discharge  measurements  is  to  prepare  rating  curves  from  which  a  dis- 
charge table  can  be  constructed.  The  practicability  of  applying  a  table 
depends  on  the  general  assumption  that  the  discharge  is  a  function  of  the 
gage  height,  and  that  for  streams  of  practically  constant  cross  section 
the  discharge  for  the  same  gage  height  will  be  the  same.  By  plotting 
the  discharge  measurements  as  abscissas  and  the  corresponding  gage 
heights  as  ordinates  a  discharge  curve  for  the  station  can  be  drawn 
which  will  form  a  ba^is  for  the  rating  table.  In  preparing  the  rating 
curve  a  careful  study  of  all  available  data  should  be  made,  and  it  is 
here  that  notes  in  regard  to  the  various  conditions  at  the  time  measure- 
ments were  made  are  of  great  value.  In  choosing  the  scale  for  plotting 
the  curve  the  maximum  gage  height  and  discharge  should  be  considered. 
Its  size  should  be  such  that  the  discharge  can  be  read  from  the  curve 
to  the  required  degree  of  accuracy,  and  it  should  also  be  such  that  the 
inclination  of  the  rating  curve  will  be  approximately  45°,  for  when 
the  curve  becomes  nearly  horizontal  it  is  more  difficult  to  accurately 
take  the  discharges  from  it.  It  is  desirable  to  plot  the  measurements 
for  different  years  on  the  same  sheet,  in  order  that  a  comparative 
study  may  be  made  of  them.  In  plotting  the  discharge  measurements 
different  colors  or  symbols  may  be  used  to  distinguish  between  meas- 
urements for  different  years. 

The  firstdraft  of  the  rating  table  is  taken  from  the  curve.  The  table 
is  afterwards  smoothed  out  by  adjusting  first,  and  if  necessary  second, 
differences.  The  difference  between  the  discharges  for  successive  tenths 
should  either  be  constant  or  increasing,  never  decreasing,  and  as  far  as 
possible  it  should  follow  some  general  law.  Whether  in  the  table  the 
discharge  .should  be  carried  out  to  the  nearest  second-foot  or  only  to 
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the  nearest  five  or  ten  second-feet,  should  be  determined  by  the  condi- 
tions at  the  station. 

Figs.  7  and  8  are  opposite  extreme  cases  of  rating  curves.  Fig"-  7 
shows  one  constructed  from  measurements  carefully  taken,  and  it  also 
shows  that  it  is  necessary  to  have  measurements  made  between  gage 
heights  6,2  and  6.5  between  which  points  the  curve  is  not  well  deter- 
mined. Fig.  8  shows  that  either  the  conditions  at  the  rating  station  are 
poor  or  that  the  measurements  are  not  being  carefully  made.  When 
such  conditions  as  are  shown  on  this  curve  are  encountered  the  district 
hydrographer  should  make  a  careful  investigation  to  determine  some 
solution  of  the  problem. 

Computation  of  daily  discharge^  uwnthly  means^  run-off ^  etc. — ^The 
object  of  the  rating  table  is  to  enable  the  computation  of  daily  dis- 
charges, monthly  means,  and  run>off  to  be  made.  For  such  computa- 
tions form  9-192  has  been  prepared  (see  p.  45).     Daily  gage  heights 
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are  copied  from  the  gage-height  cards  as  they  are  received  from  the 
hydrographer,  and  the  corresponding  discharge  is  taken  from  the 
rating  table  shown  on  page  44,  which  is  made  up  from  the  curve  shown 
in  fig.  7.  It  is  assumed  that  this  discharge  is  the  mean  discharge  in 
cubic  feet  for  that  day.  The  mean  for  each  month  is  the  mean  of  the 
average  daily  discharges  in  cubic  feet  per  second.  The  run-off  per 
square  mile  in  second-feet  (cubic  feet  per  second)  is  obtained  by  divid- 
ing the  mean  monthly  discharge  by  the  number  of  square  miles  of 
drainage  area;  being  a  rate  of  flow  it  is  independent  of  the  number  of 
days  in  the  month.  The  run-off  in  inches  is  obtained  from  the  run-off 
per  square  mile  by  the  use  of  the  table  on  pages  57-60.  The  run-off 
in  acre-feet  is  obtained  from  the  mean  for  the  month  by  the  ose  of 
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the  table  on  pages  52-56.     The  maxunum  and  minimum  are  the  dis- 
charges for  that  day  on  which  the  mean  discharge  is  the  greatest  or 


o 

00 


f 


p 


M 

1 

» 

M 

■^ 

Oi 

i 

R 

■ 

9> 

> 

c 

-Ott 

• 

o 

V' 

■ 

PA 

< 
rv) 

s 

cu<o 

— o. 

^ 

s. 

C- 

O) 

o 
ro 

\ 

mm 

« 

V 

3 

o 
ro 

\ 

• 

.f    . 

M 

cV" 

<  ^ 

c 

31 

1* 

V 

1 

\ 

-O- 

> 

\$t. 

fU 

\ 

• 

""CO 

\ 

I 

o 

> 

V 

• 

\ 

\ 

•5 

N 

V 

1 

T\J-" 

\ 

o 

^ 

I-- 

1 

\ 

1 

\ 

\ 

\ 

' 

y 

\ 

•• 

\ 

\ 

\ 

1 

\ 

t\ 

9 

y 

t* 

\ 

e 

O 

\ 

) 

\  - 

N* 

r 

►* 

T^ 

t 

ir 


^  i« 


least,  respectively.     "When  the  daily  discharge  depends  upon  the  mean 
of  gage  readings  taken  twice  each  day,  the  maximum  or  minimum 
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may  not  show  the  greatest  or  the  least  amount  of  water  that  was  flow- 
ing in  the  river  during  the  period  covered  by  the  records.  They  show 
the  extreme  discharges  that  may  be  considered  as  applicable  to  periods 
of  twenty -four  hours. 
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Computed  by  F.  H.  B. 
Checked  by  L.  R.  &. 


UNITED  STATES  GEOLOGICAL  SURVEY. 

DIVISION  OF  HYDROGRAPHY. 
RA.TI3SrGS-    TA.BLK    mOR    STATION" 

For  Saint  Mary  River  at  International  Line.    ConBtructed  by  F.  H.  B.,  from  discharge 
measurementB  number to ,  as  shown  on  accompanying  blank  form 


9-207,  and  also  from  soundings  made  at  intervening  dates,  as  follows: 


This  table  is  applicable  only  from  September  Sy  190;?,  to  December  SI,  1905. 
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% 

1 
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Si 
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^.00 

160 

^.00 

676 

S5 

5,00 

1,510 

65 

0.00 

.05 

16S 

12 

.05 

610 

S5 

.05 

1,675 

65 

.05 

.10 

176 

IS 

.10 

646 

S7 

.10 

1,640 

80 

.10 

.16 

190 

16 

.15 

682 

S8 

.16 

1,720 

80 

.15 

.20 

S06 

16 

.20 

720 

40 

.20 

1,800 

100 

.20 

.25 

n2 

17 

.26 

760 

40 

.25 

1,900 

100 

.25 

.30 

SS9 

17 

.30 

800 

40 

.30 

2,000 

120 

.30 

.35 

S67 

18 

.35 

840 

40 

.35 

2,120 

120 

.36 

.40 

X76 

eo 

.40 

880 

4^ 

.40 

2,240 

130 

.40 

.45 

S96 

20 

.45 

922 

4S 

.45 

2,370 

130 

.45 

.50 

S16 

22 

.60 

965 

47 

.50 

2,500 

130 

.50 

.55 

SS7 

2S 

.55 

1,012 

48 

.66 

2,630 

130 

.66 

.60 

S60 

26 

.60 

1,060 

62 

.60 

2,760 

130 

.60 

.65 

S86 

26 

.66 

1,112 

6S 

.66 

2,890 
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.65 

.70 
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26 

.70 

1,166 

55 
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3,020 
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.70 

.75 
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1,220 
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3,150 
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1,276 
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.90 

3,540 

130 
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.95 
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SO 

.95 

1,460 

60 

.96 

3,670 

130 

.95 

3,S00 
3,930 
4,060 
4,190 
4,S20 
4,4SO 
4,680 
4,710 
4,S40 
4,980 
5,  ISO 
5,270 
6,4S0 
6,580 


c 

c: 
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1^) 
ISO 
ISu 
ISO 
ISO 
ISO 
ISO 
ISO 
140 

14^ 
150 
150 

160 
160 


Remarks:  Lowest  discharge  measurejuent  at  gage  height,  3.65  feet;  highest  measuremejit 
at  gage  height,  7.06  feet.  Cune  extended  above  and  bdow  these  points.  Tangent  above  gage 
height,  6.60  feet,  vjith  a  difference  of  160  per  half  tenth. 
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Computed  by  R.  H.  B. 
Checked  by  jL.  R.  8. 


9-192  DEPARTMENT  OP  THE  INTERIOR. 

UNITED    STATES    GEOLOGICAL     SURVEY 

DIVISIOH  OF  HTDROORAPHY. 

Daily  mean  gage  height  and  discharge  in  second-feet  of  St.  Mary  River,  near  Inter' 
national  Liney  Oardstony  Alberta,  for  1903.    Drainage  area,  4S^  sq.  miles. 

Observer,  L.  C,  Shawi 
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8S0 
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900 
800 
9tt 
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760 
610 
6i5 
576 

6U> 
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S75 
760 
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1,019 

1,060 
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965 


96,7SS 
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L907 

9,198 
6S,009 


February,   i 


t 
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LliO 
LSO 
L95 
L3S 
LS5 


880 
800 
760 
8iO 
8U) 


LSO 
LkO 
LW 
LSS 
LS5 


LU5 
LhO 
S.70 
LhO 
LS 


L65 
L55 
LOO 
L65 
LSO 


LSS 
L66 
L60 
L70 
L6S 


LOO 
LLS 
L70 


965 
880 
880 
8i0 
8W 


999 
880 
UO 
880 
800 


1,119 
1,019 
1,060 
1,119 
966 


1,019 
1,119 
1,060 
1, 166 
1,091 


576 

999 

1,165 


95,780 
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9,  OSS 

9.199 
51,160 


March. 
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L70 
LOO 
L68 
L70 
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LSO 
LSS 
LSS 
A.  60 
A.  SO 


LAS 
A.SS 
A.  60 
LSO 
A.  80 


5.00 
A.  90 
L70 
L65 
L70 


L70 
LOO 
A.SS 
A.  60 
LOO 


L70 
A,  90 
A.SS 
5.70 
5.90 
5.75 


1.165 
1,060 
1,1AA 
1,165 
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965 
1,019 
1,0A9 
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SAO 
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1,975 
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1,S90 
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1,060 


1,165 
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A.  80 
A.  86 
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A.  80 
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A.  90 
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SAO 
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S.SO 
S.AO 
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5.  AS 
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7.05 


1,975 
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1,AS0 
1,S90 
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7.06 
7.05 
7.15 
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6.90 
6.80 
6.90 
6.90 
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1,6A0 
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9,9A0 
9,9A0 


9,91/) 
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9,S70 
9,S70 


6.80 
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6.90 
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S,090 
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S,150 
9,760 
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6.80 
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6.65 
6.65 
6.A0 
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6.A0 
6.65 
6.85 
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A,  980 
6,060 
6,700 
6,700 
6,860 


6,860 
6,860 
7,190 
6,700 
6,700 


6,S80 
6,060 
6,S80 
6,SS0 
6,990 


6,060 
6,700 
6,  SAO 
6,S90 
6,S80 


6,060 
5,7  AO 
5,970 
5,970 
A,  SAO 


LSAO 
A,8A0 
5,580 
6,990 
5,7  AO 


1,875 


LIAS 


L7S1 
115,990 


ISS.ASO 


6,116 


IS.  SSI 


15.100 
S6S,997 
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Ilides  Jbr  refecting  redundo/nt  Jlffurea. — In  reducing  the  number  of 
significant  figures,  or  the  number  of  decimal  places,  by  droppingf  the 
last  figure,  the  following  rules  apply: 

(a)  When  the  figure  in  the  place  to  be  rejected  is  less  than  5,  drop 
it  without  changing  the  preceding  figure.  Example:  1,827.4  becomes 
1,827. 

(b)  When  the  figure  in  the  place  to  be  rejected  is  greater  that  5, 
drop  it  and  increase  the  preceding  figure  by  1.  Example:  1,827.6 
becomes  1,828. 

(c)  When  the  figure  in  the  place  to  be  rejected  is  5,  and  it  is  preceded 
by  an  even  figure,  drop  the  5.     Example:  1,828.5  becomes  1,828. 

(d)  When  the  figure  in  the  place  to  be  rejected  is  6,  and  it  is  preceded 
by  an  odd  figure,  drop  the  5  and  increase  the  preceding  odd  figure  by 
1.     Example:  1,827.6  becomes  1,828. 

Units  of  measurement. — The  volume  flowing  in  a  stream  is  usually 
expressed  in  cubic  feet  per  second,  briefly  expressed  as  '' second-feet  "^ 
A  second-foot  may  be  defined  as  the  body  of  water  flowing  in  a  stream 
1  foot  wide,  1  foot  deep,  at  a  rater  of  1  foot  per  second. 

There  is  in  common  use  by  miners  and  irrigators  throughout  the 
West  another  unit  called  the  miners'  inch.  It  is  an  indefinite  quantity, 
but  in  mgst  States  is  recognized  as  the  fiftieth  part  of  a  second-foot 

The  unit  of  capacity  used  in  connection  with  storage  is  the  acre-foot, 
and  is  equivalent  to  43,560  cubic  feet.  It  is  a  quantity  that  would 
cover  an  acre  to  a  depth  of  1  foot.  There  is  a  convenient  relation 
between  the  second-foot  and  the  acre-foot;  one  second-foot  flowing  for 
twenty-four  hours  will  deliver  86,400  cubic  feet,  which  equals  1.9835 
acre-feet,  or,  approximately  2  acre-feet. 

One  million  gallons  is  sometimes  used  as  the  unit  of  storage;  there  is 
a  convenient  relation  between  this  unit  and  the  acre-foot.  One  acre- 
foot  equals  325,851.45  gallons,  or  somewhat  less  than  one-third  of  a 
million  gallons. 

Compilation  of  meter  measurefments, — Because  of  the  fact  that 
velocity  is  not  constant  in  all  parts  of  the  cross  section  the  quantity 
flowing  through  each  square  foot  of  the  section  is  not  the  same,  and  it 
is  necessary  to  divide  the  cross-section  area  into  parts  and  compute 
the  discharge  through  each  part  separately.  The  total  discharge  is 
then  the  sum  of  the  discharge  through  all  the  parts.  The  size  of 
these  component  parts  depends  on  the  rapidity  of  change  of  the 
velocity  and  the  degree  of  accuracy  required.  For  convenien<»  these 
component  parts  are  vertical  strips,  bounded  on  two  sides  by  soundings. 

Fig.  9  shows  the  cross  section  of  the  Saline  River  near  Salina,  Kans., 
on  September  30,  1903,  while  the  discharge  measurement  recorded  on 
page  48  was  being  made.  The  soundings  were  taken  at  each  5  feet  of 
width  from  the  initial  point  and  the  velocity  was  observed  at  0.6 
depth  below  the  surface  in  each  of  these  verticals. 
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The  discharge  through  each  6-foot  strip  might  be  computed  sep- 
arately, but  the  computations  are  shortened  by  finding  the  discharge 
through  each  double  strip  at  a  time.  The  mean  depth  and  the  mean 
velocity  for  the  double  strip  of  width  10  feet  are  found  from  the 
formula: 

d'„  =  ?Lt^c       (1);     V'„=V>  +  ^y-  +  V°       (2) 


The  discharge  through  the  double  strip  is: 

_  /a  +  4b  +  c  „T  \  /^V.  +  4V.  +  V. 


Q'  =  d'«  V'„  2L=  Q 


«2l)(X. 


6 


) 


(3) 


Formulas  (1)  and  (2)  are  based  on  the  assumption  that  the  stream 
bed  is  a  series  of  parabolic  arcs,  also  that  the  horizontal  velocity  curves 
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Fig.  9.— Crofls  section  of  Saline  River  at  ffaging  station  near  Sallna.  Kans. 


are  parabolic  arcs,  both  of  which  assumptions  are  approximately  true 
at  good  current-meter  stations. 

d'm  =  mean  depth  for  double  strip; 

V'm  =  mean  velocity  for  double  strip; 

a,  b,  c  are  three  consecutive  depths,  L  feet  apart; 

Va,  Vb,  V©  are  observed  velocities  in  the  verticals,  a,  b,  c; 

L  =  the  width  of  a  single  strip; 

Q'  =  the  discharge  through  double  strip. 

In  computing  the  discharge  and  the  mean  depth  through  a  single 

strip  near  the  stream  bank  or  a  pier  the  mean  velocity  is  found  from 

the  formulas: 

V  -Vo+V,.  d-*'+* 

^""  2      '  2 

where  either  Vo  or  V.  and  a'  or  a  may  be  "0." 

Velocity  is  computed  to  two  places  of  decimals,  mean  depth,  area, 
and  discharge  to  one  place  of  decimals  for  streams  of  ordinary  size; 
for  small  streams  with  hard,  smooth  bottom,  where  the  depth  can  be 
measured  to  hundredths  foot,  the  mean  depth  and  area  should  be  com- 
puted to  two  places  of  decimals  and  the  discharge  to  one  place. 
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If  the  district  hydrographer  desires  he  can  compute  discharge  from 
the  formula  given  on  page  eighty-six  of  ''Instructions  relating  to  the 
work  of  the  United  States  Geological  Survey,  May  1,  1903,"  namely, 

(with  altered  symbols);  ^'  =f g j  LV^.     The  letters  have  the 

same  meaning  as  in  the  formula  on  page  47,  except  that  Q'  is  the  dis- 
charge through  the  vertical  section  extending  from  halfway  between 
a  and  h  to  halfway  between  i  and  c. 

It  sometimes  happens  that  the  velocity  becomes  very  small  or  '"0" 
in  some  parts  of  the  cross-section  at  a  station,  as  in  the  case  of  the 
Salina  station  for  the  part  from  95  to  102  feet  from  the  initial  point. 
This  area  of  small  or  ''0"  velocity  is  sometimes  neglected  in  computing 
the  cross-sectional  area  and  the  mean  velocity.  Mean  velocity  obtained 
in  this  way  is  sometimes  misleading,  because  it  may  make  a  section  in 
which  the  true  velocity  is  only  0.3  or  0.4  foot  per  second  (a  section  that 
should  not  be  used)  appear  to  have  a  velocity  of  half  a  foot  or  more 
per  second.  There  is  danger,  too,  that  if  this  low  velocity  area  is 
neglected  in  computing  mean  velocity,  no  attention  will  be  given  to 
measuring  those  velocities,  and  thus  an  error  will  be  introduced  into 
the  discharge.  It  has  been  decided  to  include  the  whole  area  in  the 
column  headed  '*area"  in  computing  mean  velocity. 

COMPUTATIONS  OF  VERTICAL-VELOCITY  CURVES  AND  COEFFICIENTS. 

The  method  of  making  vertical-velocity-curve  observations  is  de- 
scribed on  page  20,  the  form  for  recording  the  observations  is  given  on 
page  50,  the  velocities  in  column  4  are  plotted  as  shown  on  page  51, 
the  depth  of  center  of  meter  below  the  surface  being  used  as  ordinates 
and  velocities  as  abscissas.  A  smooth  curve  is  drawn  among  them 
making  a  gi*aphic  adjustment  of  the  observations.  The  mean  abscissa 
of  this  curve  is  the  mean  velocity  in  this  vertical.  The  depth  below 
the  surface  of  the  thread  of  mean  velocity  is  the  ordinate  which  cor- 
responds to  the  mean  abscissa  or  to  the  computed  mean  velocity. 

To  compute  the  mean  velocity  from  the  vertical-velocity  curve, 
divide  the  depth  into  from  5  to  10  equal  parts  and  write  the  velocity 
at  the  center  of  each  part  in  column  6,  headed  "  velocity  from  curve." 
Find  the  sum  of  these  and  divide  by  the  number  of  parts;  the  quotient 
is  the  mean  velocitv  in  that  vertical. 

It  is  often  more  convenient,  when  the  depth  is  a  number  of  feet 
and  a  fraction,  as  8.3  feet,  to  divide  the  depth  into  8  parts  of  a  foot 
width,  and  a  part  of  0.3  foot  width.  Then  the  velocity  to  enter  in 
column  6  for  the  narrow  part  is  0.3  of  the  velocity  at  the  center  of  it. 

The  velocities  at  a  point  1  foot  below  the  surface,  mid-depth,  and 
bottom  are  read  directly  from  the  vertical- velocity  curve,  and  recorded 
in  column  8.  The ' '  coefficients  for  reducing  to  mean  velocity, "  required 
in  column  9,  are  obtained  by  dividing  the  mean  velocity  by  each  of  the 
velocities  in  column  8. 
ntR  94—04 i 
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Vertical- velocity  measurement  made  November  f,  190S,  by  E.  C.  Murphy,  meter  Na 

586  feet  from  initial  point 

Gage  height:  beginning  SM  ft.,  ending  3l06  ft. 


FISLD  NOTES. 

DATA  FROM  CURVE  AND  COMPUTATION. 

Depth  of 
center  of 
meter  be- 
low sur- 
face in 
feet 

Number 
revolu- 
tions per 
A>  sec- 
onds. 

Number 
revolu- 
tions per 
second. 

Velocity 

per 
second. 

Middle  of 
horizon- 
tal sec- 
tion. 

1 

Velocity 

from 

curve. 

Point  in 
vertical. 

Velocity. 

Coeffi- 
cient for 
redocizig 
to  meac 
velocicy. 

0.6 

(  61-61 
\  61-62 

1     1.2:8 

2.86 

1 

1 

2.86 

0.6  depth. 

S.45 

1.  01 

1.6 

(        69 
I         67 

\    1. 16 

1 
2.71  ' 

2 

2.78 

1  ft  below 
surface. 

2.82 

1 

o.ss 

9 

fS.6 

(        68 
I        61 

\    1.19 

2.79 

3 

2.72 

Bottom. 

U40 

1.77 

S.6 

(       64 
\        66 

\    1.09 

2.68 

4 

2.62 

Mid  depth. 

2.57 

0.96 

4.6 

I        64 

1    1.11 

2.60 

6 

2.60 

6.6 

\        61 

1       .96 

2.26 

6 

2.S6 

Depth     of 
mean   ve- 
locity = 

^5ft, 
66  per  cent 
.    of  depth. 

6.6 

\       48 

\       .92 

2.16 

7 

2.16 

7.6 

(        88 
I        89 

\      .77 

1.82 

8 

1.82 

1 
1 

1 

8,0 

9 

10 

1 

Total.. 

19.80 

Computed  by  Brundagt^ 

Mean  . 

2.48 

Checked  by  Kanh. 

Fall  of  river, feet  per  mile. 

Bemarks. — (Wind    conditions.      Ghancter 
of  stream  bed.    Boughness  under  saiface  of 
ice,  etc.) 

1 
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Measurements  at 

ChuinFl  apm.    Thicknns  of  Ice, It. 


F)e.  10.— Vertlcal-velodCr  cam. 
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TABI^ES. 


TABLES  FOR  COMPUTATION  OP  RUN-OFF. 


TokiUfoT  ccmverting  second-feet  into  cure-feet  per  day. 


1 

Days. 

Second-feet 

« 

1. 

2. 

8. 

4. 

6. 

6. 

7. 

8. 

9. 

Acre-Jt. 

Acre-Jl. 

Acre-Jl. 

Acre-ft. 

Acre-ft. 

Aert'JL 

Aere-Jt 

Aere-Jt. 

Ac^A 

1 

1.98 
3.97 

8.97 
7. 98 

6.96 
11.90 

7.93 
15.87 

9.92 
19,88 

11.90 
28.80 

18.88 
27.77 

15.87 
81.74 

17  « 

2 

3ST) 

S 

5.95 

11.90 

17.86 

28.80 

29.76 

85.70 

41.66 

47.00 

5:-:5 

4 

7.93 

15.87 

28.80 

81.74 

89.67 

47.60 

66.64 

63.47 

71* 

5 

9.92 

19.83 

29.76 

39.67 

49.69 

59.50 

69.42 

79.  S4 

»i 

6 

11.90 

23.80 

86.70 

47.60 

59.60 

71.40 

88.81 

96.21 

107  11 

7 

13.88 

'n.TJ 

41.66 

65.54 

69.42 

88.81 

97.19 

U1.07 

124  S 

8 

15.87 

31.74 

47.60 

63.47 

79.34 

95.21 

111.07 

126.94 

lU-I 

9 

17.86 

86.70 

68.56 

71.40 

89.26 

107.11 

124.96 

142.61 

If*'  * 

10 

19.83 

39.67 

69.50 

79.34 

99.17 

119.01 

138.84 

166.68 

!>■- 

11 

21.82 

43.64 

66.45 

87.27 

109.09 

130.91 

152.  TS 

174. &5 

19&i< 

12 

23.80 

47.60 

71.40 

06.21 

119.01 

142.81 

166.61 

190.41 

2RJ 

13 

25.79 

61.67 

77.86 

103.14 

128.93 

164.71 

180.50 

206.28 

2S1C 

14 

29.75 
81.74 

65.64 
69.60 
63.47 

83.81 
89.26 
96.21 

111.07 
119.01 
126.94 

138.84 
148.76 
168.68 

166.61 
178.61 
190.41 

194.88 
206.26 
222.15 

223.15 
238.02 
258.88 

249  £ 

16 

16 

avu. 

17 

83.72 

67.44 

101.16 

134.88 

168.69 

202.81 

236.03 

269.75  j 

3(0.4: 

18 

35.70 

71.40 

107.11 

142.81 

178.51 

214.21 

249.92 

285.  G2 

321  r 

19 

37.69 
39.67 
41.66 

75.37 
79.34 
83.31 

118.06 
119.01 
124.96 

160.74 
168.68 
166.61 

188.43 
198.35 
206.26 

226.12 
238.02 
249.92 

263.80 
277.'e9 
291.57 

801.49 
317.36 
333.22 

3S9.r 

20 

357  CI 

21 

374  •* 

22 

43.64 

87.27 

130.91 

174.56 

218. 18 

261.82 

805.46 

349.09 

392  7.i 

23 

45.62 

91.24 

136.86 

182.48 

226.10 

273.72 

819.81 

884.96 

4k-.  > 

24 

47.60 

96.21 

142.81 

190.41 

288.02 

285.62 

888.22 

880.82 

4>  4J 

25 

49.59 

99.17 

148.76 

196.36 

247.98 

297.62 

847.11 

396.60 

♦♦Si* 

26 

51. 67 

103.14 

154.71 

206.28 

257.86 

809.42 

860.99 

412.56 

464  U 

27 

53. 55 

107.11 

160.66 

214.21 

267.77 

321.82 

374.88 

428.43 

Ifil  ^ 

28 

55.54 

111.07 

166.61 

222.15 

277.69 

833.22 

888.76 

4U.30 

499  *s 

29 

67.62 

116.04 

172.66 

280.06 

287.60 

346.12 

402.64 

460.17 

517* 

80 

59.60 

119.01 

178.61 

238.02 

297.62 

357.02 

416.53 

476.03  ! 

TiX>'M 

31 

61.49 

122.98 

184.46 

245.96 

807.44 

868.93 

430.41 

491.90  1 

1 

56S.S 

As  the  months  are  of  varying  length  it  is  necessary  to  use  throe  or 
four  factors  to  convert  the  average  discharge  for  the  month  in  second- 
feet  into  the  total  in  acre-feet.  One  second-foot  flowing  for  twenty- 
four  hours  is  equivalent  to  86,400  cubic  feet.  Since  there  are  43,5<?«' 
square  feet  in  an  acre  there  will  be  the  same  number  of  cubic  feet  in 
an  acre-foot.  Dividing,  it  is  found  that  1  second-foot  for  twenty-four 
hours  very  nearly  equals  2  acre-feet,  or,  in  exact  figures,  1.9884:71  acre- 
feet.  This  multiplied  by  the  number  of  days  in  the  month  will  give 
the  total  monthly  discharge  in  acre-feet.  This  quantity,  therefore, 
must  be  multiplied  by  28  for  the  month  of  February,  or  29  for  that 
month  in  leap  year,  and  by  30  or  31  for  the  other  months. 
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For  the  month  of  February  when  it  has  28  days  the  factor  to  be 
used  is  55.537188.  For  convenience  in  computation  this  factor  multi- 
plied from  1  to  9  is  given  in  the  following  table: 

1 55.53719 

2 111.07438 

3 166.61156 

4 222.14875 

5 277.68594 

6 333.22313 

7 388.76032 

8 444.29750 

9 499.83469 

When  February  has  29  days  the  factor  to  be  used  is  57.620659.  This 
when  multiplied  from  1  to  9  gives  the  following: 

1 57.52066 

2 115.04132 

3 172.56198 

4 230.08264 

5 287.60330 

6 345.12395 

7 402.64461 

8 460.16527 

9 517.68593 

For  the  months  containing  30  days,  viz,  April,  June,  September, 
and  November,  the  factor  to  be  used  is  59.504130.  This,  when  mul- 
tiplied by  the  unit  figures,  gives  the  following  results: 

1 59.50413 

2 119.00826 

3 178.51239 

4 238.01652 

5 297.52065 

6 357.02478 

7 416.52891 

8 476.03304 

9 535.53717 

For  the  months  containing  31  days,  viz,  January,  March,  May, 
July,  August,  October,  and  December,  the  factor  to  be  used  is 
61.487601.  This,  when  multiplied  by  the  unit  figures,  gives  the  follow- 
ing results: 

1 61.48760 

2 122.97520 

3 184.46280 

4 245.95040 

5.... 307.43800 

6 368.92561 

7 430.41321 

8 491.90081 

9 553.38841 
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The  depth  of  run-off  over  the  drainage  basin  is  usually  computed 
in  inches  for  convenience  of  comparison  with  the  depth  of  rainfall, 
which  is  almost  invariably  given  in  that  unit.  This  depth  can  most 
conveniently  be  computed  from  the  run-off  per  square  mile  by  com- 
putation based  upon  the  number  of  days  in  each  month  and  the 
relation  between  the  rate  of  flow  and  the  depth  in  inches  for  this  quan- 
tity were  it  held  during  the  given  number  of  days.  One  second-foot 
for  twenty- four  hours  is  equivalent  to  86,400  cubic  feet  in  one  day. 
In  other  words,  1  cubic  foot  per  second  run-off  from  1  square  mile 
would,  if  held  upon  this  area,  cover  it  to  a  depth  represented  by 
dividing  86,400  by  the  number  of  square  feet  in  a  mile,  27,878,400,  or 
5,280  squared.  Completing  this  division,  it  is  found  that  1  second- 
foot  for  one  day  is  equivalent  to  a  body  of  water  covering  1  square 
mile  0.003099174  feet,  or  0.037190088  inch.  Multiplying  this  by  the 
number  of  days  in  a  month  gives  the  following  factors: 

28  days 1.041322528 

29  days 1.078512604 

30  days 1.115702680 

31  days 1.152892756 
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MISCELLANEOUS  TABLES. 


Cubic  feet  into  gallons. 

1,728 
1  cubic  foot»l,  728  cubic  inche8=3-^j-galloiM=7.4805194  galloiuu 

[In  gallon!.] 


1  cublcfoot 7.4806194 

2  cubic  feet 14.9610888 

Scublcfeet 22.4415582 

4ciibicfeet 29.9220776 

5cabicfeet 37.4026970 


6  cubic  feet. 

7  cubic  feet. 

8  cubic  feet. 

9  cubic  feet. 


44.8831164 
52.3636358 
59.8441552 
67.8246746 


0. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

1 

1 

0 

7.48 
82.28 

14.96 
89.77 

22.44 
97.25 

29.92 
104.73 

87.40 
112.21 

44.88 
119.69 

52.36 
127.17 

59.84 
134.65 

67.82 
142.13 

1 

74.81 

2 

149.61 

157.09 

164.57 

172.06 

179.53 

187.01 

194.49 

201.97 

209.45 

216.94 

3 

224.42 

281.90 

239.88 

246.86 

254.34 

261.82 

269.30 

276.78 

284.26 

291.74 

4 

299.22 

306.70 

314.18 

321.66 

829.14 

836.62 

344.10 

851.58 

859.06 

866.56 

5 

374.08 

881.51 

888.99 

896.47 

403.95 

411.43 

418.91 

426.89 

433.87 

441.85 

6 

448.83 

456.31 

463.79 

471.27 

478.75 

486.23 

493.71 

501.19 

508.68 

516.16 

7 

523.64 

531.12 

538.60 

546.06 

558.56 

561.04 

568.62 

576.00 

688.48 

690.96 

8 

598.44 

606.92 

613.40 

620.88 

628.36 

635.84 

643.32 

650.81 

658.29 

665.77 

9 

678.25 

680.73 

688.21 

696.69 

703.17 

710.65 

718.18 

726.61 

7:«.09 

740.67 

Gallons  into  cubic  feet. 

1  United  States  liquid  gallon=281  cubic  inches =-^cublc  foot^O.133680565  cubic  feet. 

1,728 

[In  cubic  feet.] 


1  gallon 0.13368065 

2gaUonB 26786110 

SgaUong 40104165 

4  gallons 68472220 

Sgallons 66840275 


6  gallons 0.80208380 

7gaUon8 93676885 

8  gallons 1.06944440 

9  gallons 1.20312496 


0 

1 

0. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

0.1337 
1.4706 

0.2674 
1.6042 

0.4010 
1.7378 

0.5347 
1.8715 

0.6684 
2.0062 

0.8021 
2.1389 

0.9858 
2.2726 

1.0694 
2.4062 

1.2031 
2.5899 

1.3868 

2 

2.6736 

2.8073 

2.9410 

3.0746 

3.2083 

8.3420 

3.4757 

3.6094 

3.7430 

3.8767 

3 

4.0104 

4.1441 

4.2778 

4.4114 

4.5451 

4.6788 

4.8125 

4.9462 

5.0799 

5.2135 

4 

6.3472 

5.4809 

5.6146 

5.7483 

6.8819 

6.0166 

6.1493 

6.2830 

6.4167 

6.5503 

5 

6..^840 

6.8177 

6.9514 

7.0851 

7.2187 

7.8624 

7.4861 

7.6198 

7.7536 

7.8872 

6 

8.O206 

8.1545 

8.2882 

8.4219 

8.5666 

8.6892 

8.8229 

8.9566 

9.0901 

9.2240 

7 

9.3576 

9.4913 

9.6250 

9.7587 

9.8924 

10.0260 

10.1597 

10.2934 

10.4271 

10.5608 

8 

10.6944 

10.8281 

10.9618 

11.0965 

11.2292 

11.3628 

11.4966 

11.6302 

11.7689 

11.8976 

9 

12.0312 

12.1649 

12.2986 

12.4323 

12.5660 

12.6996 

12.8333 

12.9670 

13.1007 

13.2^4 
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Feet  per  second  into  miles  per  hour, 

1  foot  per  second  »S,600  feet  per  bours|!^  or  =r  miles  per  hoar=0.6S1828. 

5,280        22 

[In  miles  per  hour.] 


1  foot  per  second 0.68182 

2  feet  per  second 1.96364 

8  feet  per  second 2.04545 

4  feet  per  second 2.72727 

5  feet  per  second 8.40909 

(See  Smithsonian  Meteorological  Tables,  No.  62.) 


6  feet  per  second 4-i 

7  feet  per  second 4.77S3 

8  feet  per  second 5.454x 

7  feet  per  second 6. 


0 

1 

0. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9l 

0 

0.6818 
7.5000 

1.3636 
8.1818 

2.0456 
8.8637 

2.7273 
9.5455 

8.4091 
10.2273 

4.0909 
10.9091 

4.7TO7 
11.5909 

5.4546 
12.2T28 

6.1364 

6.8182 

12.9546 

2 

13.6364 

14.3182 

15.0000 

15.6819 

16.3687 

17.0455 

17.7273 

18.4091 

19.0910 

19.7725" 

3 

20.4546 

21.1364 

21.8182 

22.5001 

23.1819 

28.8637 

24.5455 

25.2273 

2S.90S2 

26.6910 

4 

27.2728 

27.9546 

28.6364 

29.3183 

30.0001 

80.6819 

81.3637 

32.0455 

32.7274 

S3.409S 

6 

34.0910 

34.7728 

35.4546 

36.1865 

86.8183 

37.5001 

38.1819 

38.8687 

39.5466 

4a  2274 

6 

40.9092 

41.5910 

42.2728 

42.9547 

43.6365 

44.3183 

45.0001 

45.6819 

46.3638 

47.0456 

7 

47.T274 

48.4092 

49.0910 

49.7729 

50.4547 

51.1365 

51.8183 

52.6001 

63.1820 

63.8638 

8 

54.5466 

55.2274 

55.9092 

56.5911 

57.2729 

67.9547 

68.6365 

59.8188 

60.0002 

€0.6830 

9 

61.3688 

62.0456 

62.7274 

68.4093 

64.0911 

64.7729 

65.4547 

66.1365 

66.8184 

67.80QS 

i 

Miles  per  hour  into  feet  per  second, 

1  mile  per  hour»5,280  feet  per  hoiirs^!|^  or  f=  feet  per  second al.46067. 

8,600      .  15 

[In  feet  per  second.] 


1  mile  per  hour 1.46667 

2  miles  per  hour 2.93333 

3  miles  per  hour 4.40000 

4  miles  per  hour 5.86667 

5  miles  per  hour 7.83333 

(See  Smithsonian  Meteorological  Tables,  No  61.) 


6  miles  per  hour . 

7  miles  per  hour . 

8  miles  per  hour. 

9  miles  per  hour. 


...  6.80000 

...  10.368^ 

...  11.7SS3 

...  13.30000 


0 

1 

0. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

1 

1         9. 

1 

1.4667 
16.1383 

2.9333 
17.6000 

4.4000 
19.0667 

5.8667 
20.6333 

7.3833 
22.0000 

8.8000 
23.4667 

10.2667 
24.9333 

11.7333 
26.4000 

1 

1  13.2000 

14.6667 

27.8667 

2 

29.8333 

30.8000 

32.2667 

33.7333 

35.2000 

36.6667 

88.1333 

39.6000 

41.0667 

3 

44.0000 

45.4667 

46.9333 

48.4000 

49.8667 

51.8383 

62.8000 

54.2667 

55.7333 

57.2000 

4 

58.6667 

60.1833 

61.6000 

63.0667 

64.6833 

66.0000 

67.4667 

68.9383 

70.4000 

TLdGS; 

5 

73.3833 

74.8000 

76.2667 

77.7333 

79.2000 

80.6667 

82.1333 

83.6000 

85.0667 

as.  538 

6 

88.0000 

89.4667 

90.9383 

92.4000 

93.8667 

95.3383 

96.8000 

98.2667 

99.7833 

lOLaooo 

7 

102.6667 

104.1333 

105.6000 

107.0667 

108.5883 

110.0000 

111.4667 

112.9333 

114.4000 

115.8667 

8 

117.3833 

118.8000 

120.2667 

121.7838 

123.2000 

124.6667 

126.1333 

127.6000 

129.0667 

130.5831 

9 

132.0000 

133.4667 

134.9883 

136.4000 

137.8667 

189.8388 

140.8000 

142.2667 

143.7333 

145.2000 
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Secondrfeei  per  day  into  mitiiom  of  gallons, 

1  aeoond-foot,  or  7.4806194  galloos  per  second  for  1  day,  or  86,400  RecondBa646,816.87616  gallons. 

[In  gallons.] 


1  second-foot  for  24  hours 646,816.87 

2  second-feet  for  24  hours 1,292,688.76 

8  second-feet  for  24  hoars 1,988,960.68 

4  second-feet  for  24  hours 2,586,267.60 

6  second-feet  for  24  hours 8,281,684.88 


6  seoond-f eet  f or  24  hours 8,877,901.26 

7  second-feet  for  24  hours 4,524,218.18 

8  socond-feet  for  24  hours 5,170,535.01 

9  seoond-feet  for  24  hours' 5, 816, 851. 88 


0 

1 

0. 

1. 

0.6463 
7.1095 

2. 

1.2926 
7.7658 

8. 

4. 

6. 

6. 

7. 

8. 

9. 

1.9890 
8.4021 

2.6868 
9.0484 

8.2816 
9.6048 

8.8779 
10.8411 

4.5242 
10.9874 

5.1705 
11.6887 

5.8169 
12.2800 

6.4682 

2 

12.9368 

13.5726 

14.2190 

14.8658 

15.5116 

16.1679 

16.8042 

17.4606 

18.0969 

18.7482 

3 

19.8805 

20.0858 

20.6821 

21.8285 

21.9748 

22.6211 

28.2674 

28.9137 

24.5600 

25.2084 

4 

25.8627 

26.4990 

27.1468 

27.7916 

28.4879 

29.0848 

29.7306 

30.8769 

81.0282 

81.6695 

5 

82.8158 

82.9622 

88.6085 

84.2548 

84.9011 

35.5474 

36.1987 

86.8401 

37.4864 

88.1827 

6 

88.7790 

89.4258 

40.0716 

40.7180 

41.3648 

42.0106 

42.6669 

48.3032 

43.9495 

44.6960 

7 

45.2422 

45.8885 

46.5348 

47.1811 

47.8274 

48.4788 

49.1201 

49.7664 

50.4127 

51.0690 

8 

51.7064 

62.8517 

62.9980 

63.6448 

54.2906 

54.9369 

56.5838 

66.2296 

66.8769 

67.6222 

9 

1 

58.1685 

58.8148 

69.4612 

60.1075 

60.7588 

61.4001 

62.0464 

62.6927 

68.3391 

68.9864 

Millions  of  gallons  into  second-feet  per  day. 

I  million  gallons  per.24  hourg=3^Jb?^.'^  cubic  feet  per  second,  or  1.5472286  seoond-feet. 

1728x86400 

[In  second-feet  per  24  hoors.J 


1  million  gaUons 1.5472286 

2  mUlion  gallons 8.0944572 

8  million  gallons 4.6416868 

4  mUlion  gallons 6.1889144 

6  million  gallons 7.7861480 


6  million  gallons 9.2888716 

7  mUlion  gallons 10.8806002 

8  million  gallons 12.8778^ 

9  million  gaUons 18.9260674 


0 

1 

0. 

1. 

2. 

8. 

4. 

6. 

6. 

7. 

8. 

9. 

1.6472 
17.0196 

8.0946 
18.5667 

4.6417 
20.1140 

6.1889 
21.6612 

7.7861 
28.2084 

9.2834 
24.7566 

10.8806 
26.8029 

12.8778 
27.8501 

18.9261 
29.3978 

15.4728 

2 

80.94-16 

82.4918 

S4.0S9O 

86.5862 

87.1886 

88.6807 

40.2279 

41.7752 

48.8224 

44.8696 

8 

46.4169 

47.9641 

49.5113 

51.0585 

62.6068 

64.1580 

55.7002 

67.2474 

58.7947 

60.8419 

4 

61.8891 

68.4864 

64.9836 

66.5306 

68.0781 

69.6253 

71.1725 

72.7197 

74.2670 

76w8142 

6 

77.8614 

78.9087 

80.4569 

82.0061 

83.6608 

85.0976 

86.6448 

88.1920 

89.7898 

91.2865 

6 

92.8887 

918809 

96.9282 

97.4754 

99.0226 

100.6690 

102.1171 

108.6648 

106.2116 

106.7588 

7 

106.8060 

109.8582 

m.4006 

112.9477 

114.4949 

116.0421 

117.5894 

119.1866 

120.6838 

122.2811 

8 

128.7788 

125.8256 

126.8727 

128.4200 

129.9672 

181.5144 

188.0617 

184.6069 

186.1661 

137.7038 

9 

189.2506 

140.7978 

142.8460 

148.8923 

145.4895 

146.9867 

148.5880 

150.0812 

151.6284 

153.1756 
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Second-feet  per  day  into  acre-feet. 

1  second-foot  flow  for  one  day =86,400  cubic  feet^-"'*^,  or  1.968471  acre-feeU 

48,560 

[In  acre-feet.] 


1  second-foot  for  24  hours 1. 96347 

2  second-feet  for  24  hours 8.96694 

8  second-feet  for  24  hours 5. 96011 

4  second-feet  for  24  hours 7. 98388 

6  second-feet  for  24  hours 9. 91785 


6  second-feet  for  24  hours 11.9006 

7  second-feet  for  24  hours 13.8K410 

8  second-feet  for  24  hours 15. 86777 

9  second-feet  for  24  hours I7. 85124 


0 

1 

0. 

1. 

2. 

3. 

4. 

5. 

6. 

11.901 
81.736 

7. 

8. 

9. 

1.983 
21.818 

3.967 
23.802 

5.950 
26.785 

7.934 
27.769 

9.917 
29.752 

13.884 
83.719 

15.868 
36.702 

17.851 

19.835 

37.686 

2 

89.669 

41.653 

43.636 

45.620 

47.603 

49.587 

51.670 

53.554 

56.637 

67.521 

8 

59.504 

61.488 

68.471 

65.455 

67.488 

69.421 

71.405 

73.388 

75.872 

77.355 

4 

79.339 

81.322 

83.306 

85.289 

87.273 

89.256 

91.240 

93.223 

95.207 

97.190 

5 

99.174 

101.157 

103.140 

105.124 

107.107 

109.091 

111.074 

113.058 

115.041 

117.025 

6 

119.008 

120.992 

122.976 

124.959 

126.942 

128.926 

130.909 

132.892 

184.876 

lS6.g» 

7 

138.843 

140.826 

142.810 

144.793 

146.777 

148.760 

150.744 

152.728 

164. 7U 

166.^^ 

8 

158.678 

160.661 

162.645 

164.628 

166.611 

168.595 

170.578 

172.562 

174.515 

176.629 

9 

178.512 

180.496 

182.479 

184.463 

186.446 

188.490 

190.413 

192.397 

194.380 

19&354 

Acre-feet  into  second-feet  Jimv  for  S4  hours. 

1  acre-foot  each  24  hours»43,560  cubic  feet  each  86,400  seconds^j?'"^,  or  ^  second-foot  flow  for 

86,400       210 
24  hours  ^  0.60416666  -h. 

[In  second-feet  for  24  hours.] 


1  acre-foot 0.50117 

2  acre-feet 1.00833 

8  acre-feet 1.51260 

4  acre-feet 2. 01667 

5  acre-feet 2.52084 


6  acre-feet 3.02500 

7  acre-feet 3.52917 

8  acre-feet 4.03^ 

9 acre-feet 4.58750 


0 

1 

0. 

1. 

2. 

3. 

4. 

6. 

6. 

•« 

8. 

9. 

1 

0.504 
5.546 

1.008 
6.060 

1.613 
6.654 

2.017 
7.068 

2.621 
7.663 

3.025 
8.067 

3.529 
8.671 

4.088 
9.076 

■  1 
4.53S 

6.042 

9.579 

2 

10.083 

10.688 

11.092 

11.696 

12.100 

12.604 

13.106 

13.613 

14.117 

14,«21  ' 

3 

15,126 

15.629 

16.133 

16.638 

17.142 

17.646 

18.150 

18.654 

19.158 

19.663 

4 

20.167 

20.671 

21.175 

21.679 

22.183 

22.688 

28.192 

23,696 

24.200 

24.701 

6 

25.209 

25.713 

26.217 

26.721 

27.226 

27.729 

28.234 

28.738 

29.242 

29.746 

6 

80.250 

80.754 

81.259 

31.763 

82.267 

32,771 

88.275 

33.779 

34.284 

34.788 

7 

85.292 

85.796 

86.800 

36.804 

37.309 

37.818 

88.817 

38.821 

89.326 

39.829 

8 

40.334 

40.838 

41.342 

41.846 

42.850 

42.854 

43.869 

43.868 

44.867 

44.871 

9 

45.876 

45.880 

46.384 

46.888 

47.392 

47.896 

48.400 

48.906 

49.409 

49.913 

MURPHY,  HOYT, 
ASD  HOLLI8T£B 


.] 


TABLES. 


65 


Acre-feet  into  millions  of  gallons, 
1  acre-foot»43,660  cubic  feet=^'^®J^l^,  or  1^^^,  or  825,861.428  grallona. 

[In  gallons.] 


Millions.    Thousands. 

lacre-foot 0.S258&1428  825.9 

2  acre-feet 66170286  651.7 

3acre-feet 97766429  977.6 

4acre-feet 1.80340672  1,303.4 

6  acre-feet 1.62925715  1,629.8 


Millions. 

6acre-feet 1.96510858 

7acre-feet 2.28096001 

8acre-feet 2.60681144 

9acre-fcet 2.93266287 


Thousands. 
1,955.1 
2,281.0 
2,606.8 
2,982.7 


0 

1 

0. 

1. 

2. 

8. 

4. 

5. 

1.6293 
4.8878 

6. 

7. 

8. 

9. 

0.3250 
8.5844 

0.6517 
8.9102 

0.9776 
4.2861 

1.8034 
4.5619 

1.9651 
5.2136 

2.2810 
5.5395 

2.6068 
5.8653 

2.9827 
6. 1912 

8.2586 

2 

6.5170 

5.8429 

7.1687 

7.4946 

7.8204 

8.1468 

8.4721 

8.7980 

9.1238 

9.4197 

8 

9.7765 

10.1014 

10.4272 

10.7531 

11.0789 

11.4048 

11.7306 

12.0565 

12.3823 

12.7082 

4 

13.0841 

13.8599 

13.6867 

14.0116 

14.3374 

14.6633 

14.9691 

15.3150 

15.6108 

15.9667 

5 

16.2926 

16.6184 

16.9443 

17.2701 

17.5960 

17.9218 

18.2477 

18.5786 

18.8994 

19.2252 

6 

19.5511 

19.8769 

20.2028 

20.5286 

20.8545 

21.1803 

21.5062 

21.8320 

22. 1579 

22.4837 

7 

22.8096 

28.1354 

28.4613 

28.7871 

24. 1130 

24.4388 

24.7647 

25.0905 

25.4164 

25.7422 

8 

26.0681 

26.8989 

26.7196 

27.0466 

27.3715 

27.6973 

28.0232 

28.3490 

28.6749 

29.0007 

9 

29.8266 

29.6524 

29.9783 

80.3041 

80.6800 

30.9558 

31.2817 

31.6075 

31.9334 

32.2592 

MUlions  of  gaMons  into  acre-feet. 

One  million  United  States  liquid  gallons  or  231  million  cubic  Inches  =  133,680,556  cubic  feet,  or 

133,680 


48.560 


=8.0688832  acre-feet. 


[In  acre-feet.] 


1  million  gallons 8.0688832 

2  million  gallons 6.1377664 

8  million  gallons 9.2066496 

4  million  gallons 12.2755328 

5  million  gallons 16.3444160 


6  million  gallons 18.4132992 

7  million  gallons 21.4821824 

8  million  gallons 24.6510656 

9  million  gallons 27.6199488 


0 

1 

0. 

1. 

2. 

8. 

4. 

5. 

6. 

7. 

21.482 
52.171 

8. 

9. 

• 

3.069 
88.758 

6.138 
86.827 

9.207 
39.896 

12.276 
42.964 

15.844 
46.033 

18.413 
49.102 

24.551 
55.240 

27.620 
58.309 

80.689 

2 

61.878 

64.446 

67.515 

70.584 

73.653 

76.722 

79.791 

82.860 

85.929 

88.998 

3 

92.066 

95.185 

98.204 

101.273 

104.842 

107.411 

110.480 

113.549 

116.618 

119.686 

4 

122.765 

125.824 

128.893 

131.962 

135.031 

138.100 

141.169 

144.238 

147.306 

150.875 

5 

158.444 

156.513 

159.582 

162.651 

165.720 

168.789 

171.857 

174.926 

177.995 

181.064 

6 

184.183 

187.202 

190.271 

193.340 

196.409 

199.477 

202.546 

205.615 

208.684 

211.758 

7 

214.822 

217.891 

220.960 

224.028 

227.097 

280.166 

233.285 

236.304 

239.873 

242.442 

8 

245.511 

248.680 

251.648 

254.717 

267.786 

260.855 

263.924 

266.993 

270.062 

278.181 

9 

276.199 

279.268 

282.387 

285.406 

288.476 

291.544 

294.613 

297.682 

300.751 

303.819 
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Second-feet  into  minute-gallons. 

Factors:  1  cubic  foot  contains  1,728  cubic  inches;  1  gallon  has  a  capacity  of  231  cubic  inches;  1  Peeond- 
foot  equals  [(1,728  -^  231)  x  60]  gallons  per  minute,  or  448.831161  minute-^allona. 

[In  gallons  per  minute.] 


1  second-foot 448.831164 

2second-feet 897.662328 

Ssecond-feet 1,346.493492 

4second-feet 1,795.324656 

Ssecond-feet 2,244.155820 


68econd-feet 2,692. 9669M 

7  second-feet 3,141.81814^ 

8second-feet 3.590.64Stl2 

9  second-feet 4,0S9.48&I7( 


0 

0. 

1. 

2. 

3. 

4. 

5. 

449 

898 

1,346 

1,795 
6,284 

2,244 
6,732 

1 

4,488 

4,937 

5,386 

5,835 

2 

8,977 

9,425 

9,874 

10,823 

10,772 

11,221 

3 

13.465 

13,914 

14,363 

14,811 

15,260 

15,709 

4 

17,953 

18,402 

18,851 

19,300 

19,749 

20, 197 

5 

22,442 

22,890 

23,339 

23,788 

24,237 

24,686 

6 

26,930 

27,879 

27,828 

28,276 

28,725 

29, 174 

7 

31,418 

31,867 

32,316 

32, 765 

33,214 

33,662 

8 

35,906 

36,355 

36,804 

37,263 

37,702 

38,151 

9 

40,395 

40,844 

41,292 

41,741 

42,190 

42,639 

6. 

7. 

8. 

9. 

2,693 

3,142 

8,591 

4.0S9 

7,181 

7,630 

8,079 

8.528 

11,670 

12, 118 

12,567 

13.016 

16, 158 

16,607 

17,056 

17,6(M 

20,646 

21,096 

21,644 

21,99:{ 

25,135 

25,683 

26,032 

26,481 

29,623 

30,072 

30,521 

30,969 

34,111 

34,560 

35,009 

35.458 

38,999 

39,048 

39,497 

39.946 

43,088 

'43,537 

43,965 

44.434 

Minute-gallons  into  second-feet. 

Factors:  1  gallon  contains  231  cubic  inches;  1  cubic  foot  contains  1,728  cubic  inches:  1  gmllon  per 
minute  equals  [(231  + 1,728) -i-  60]  second-feet,  or  .002,228,009,  2  second-feet. 

[In  second-feet.] 


1  minute-gallon 0.002,228,009 

2  minute-gallons 004,456,018 

3  minute-gallons 006, 684, 028 

4  minute-gallons 008, 912, 037 

5  minute-gallons 011,140,046 


6  minute-gallons 0.013. 968,  Oi& 

7  minute-gallons 015.596,064 

8  minute-gallons 017.824.074 

9  minute-gallons 020, 052,063 


0 

0. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

. 

0.0022 

0.0045 

0.0067 

0.0089 

0.0111 

0.0134 

0.0156 

0.0178 

0.0201 

1 

0.0223 

.0245 

.0267 

.0290 

.0312 

.0334 

.0356 

.0379 

.0401 

.0423 

2 

.0446 

.0468 

.0490 

.0612 

.0536 

.0567 

.0579 

.0602 

.0624 

.0616 

3 

.0668 

.0691 

.0713 

.0735 

•0758 

.0780 

.0802 

.0824 

.0847 

.0669 

4 

.0891 

.0913 

.0936 

.0958 

.0980 

.1003 

.1025 

.1047 

.1069 

.1092 

5 

.1114 

.1136 

.1159 

.1181 

.1203 

.1226 

.1248 

.1270 

.1292 

.1814 

6 

.1337 

.1359 

.1381 

.1404 

.1426 

.1448 

.1470 

.1493 

.1515 

.1587 

7 

.1560 

.1582 

.1604 

.1626 

.1649 

.1671 

.1693 

.1716 

.1738 

.1760 

8 

.1782 

.1805 

.1827 

.1849 

.1872 

.1894 

.1916 

.1938 

.1961 

.1983 

9 

.2005 

.2028 

.2050 

.2072 

.2094 

.2117 

.2139 

.2161 

.2183 

.2206 
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Meters. 

Feet. 

Meters. 

Feet. 

Meters. 

Feet, 

1=^ 

8.2806 
6.5617 
9.8426 

4=.. 

6=.. 
6=.. 

18.1285 
16. 4043 
19.6860 

7= 

22.9661 

2-^ 

8= 

26.2470 

3= 

9= 

29.5278 

lfoot  = 


Feet  to  meters. 
1 


8.2808 


0. 8048  meter. 


Feet. 

Meters. 

Feet. 

Meters. 

Feet. 

Meters. 

1= 

0.8048 
.6096 
.9144 

4= 

1.2192 
1.5240 
1.8288 

7=3 

2.1836 

2= 

5= 

8= 

2.4384 

8= 

6=» 

9= 

2.7432 

"  GravMper  U.  S,  gcUUm^*  to  ** parts  per  million." 


1  gal.»8.8454  Donnds. 
1  pound =7.000  grains. 
1  gal.  =58,418.15  grains. 

1  grain  per  gallon-  ^ 


) 


(58,418.15) 


(1,000,000) =17.117,967  parts  permllUon. 


0. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

0 

17.1 
188.3 

84.2 
205.4 

51.4 
222.5 

68.5 
289.6 

85.6 
256.8 

102.7 
273.9 

119.8 
291.0 

186.9 
806.1 

154.1 

1 

171.2 

825.2 

2 

842.4 

859.5 

876.6 

898.7 

410.8 

427.9 

445.1 

462.2 

479.8 

496.4 

3 

613.5 

680.6 

547.8 

664.9 

582.0 

599.1 

616.2 

688.4 

650.5 

667.6 

4 

684.7 

70L8 

719.0 

786.1 

753.2 

770.8 

787.4 

804.5 

821.7 

838.8 

5 

855.9 

873.0 

890.1 

907.2 

924.4 

941.5 

958.6 

975.7 

992.8 

1,010.0 

6 

1,027.1 

1,044.2 

1,061.8 

1,078.4 

1,095.5 

1,112.7 

1,129.8 

1,146.9 

1,164.0 

1, 181. 1 

7 

1,198.2 

1,215.4 

1,232.5 

1,249.6 

1,266.7 

1,283.8 

1,301.0 

1,818.1 

1,385.2 

1,862.3 

8 

1,369.4 

1,886.6 

1,403.7 

1,420.8 

1,437.9 

1,455.0 

1,472.1 

1,489.3 

1,606.4 

1,523.5 

9 

1,540.6 

1,557.7 

1,574.8 

1,592.0 

1,609.1 

1,626.2 

1,648.8 

1,660.4 

1,677.6 

1,694.7 

10 

1,7U.8 

1,728.9 

1,746.0 

1,768.2 

1,780.3 

1,797.4 

1,814.5 

1,881.6 

1,848.7 

1,865.8 
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Table  of  H  SjS  for  calculating  horsepower  of  turfnnes. 


Head  in 
feet. 

0.0. 

.1 

.2 

.3 

.4 

.5 

.6 

1 

.7       1        .8 

1 

.9 

0 

0.0000 

0.0316 

0.0894 

0.1643 

0.2530 

0.3536 

0.4648 

0.5857       0.71.W 

1 

0  N\> 

1 

l.UOOO 

1.1537 

1.3145 

1.4822 

1.6566 

1.8371 

2.0238 

2.2165|       2.4150 
4.496&       4.6853 

2  hi  A 

2  .. 

2.8284 

3.0432 

3.2631 

3.4881 

3,7181 

8.9529 

4.1924 

4.9SN=i 

3 

5.1962 

5.4581 

5.7243 

6.9947 

6.2693 

6.5479 

6.8805 

7.1171       7.4076 

7.7,>1J 

4 

8.0000 

8.3019 

8.6074 

8.9167 

9.2296 

9.5459 

9.8669 

10.1894 

10.5163 

10.M66 

5 

11.1803 

11.5174 

11.8678 
15.4379 

12.2016 

12.5485 

12.8986 

13.2520 

18.6086 

13w9682 

14.. s:: 

6 

14.6969 

15.0659 

15.8129 

16.1909 

16.6718 

16.9657 

17.3425 

17.7322 

18. 12«* 

7 

18.5203 

18.9185 

19.3196 

19.7235 

20.1302 

20.5396 

20.9518 

21.8666 

2L7842.     '£L2Mi 

8 

22.6274 

23.0630 

23.4812 

23.9121 

24.3456 

24.781S 

25.2202 

25.6613 

26. 106a'     26.5.-13 

9 

27.0000 

27.4512 

27.9050 

28.3612 

28.8199 

29.2810 

29.7445 

30.2105 

80.6789     31.14» 

10 

31.6228 

32.0983 

32.6762 

33.0664 

33.6890 

34.0239 

84.5111 

85.0006 

35.4924 

35  9^r> 
41.U:\C 

11 

36.4829 

86.9815 

37.4824 

37.9856 

38.4908 

38.9984 

89.5082 

40.0202     40.5S43 

12 

41.6692 

42.0910 

42.6128 

43.1388 

48.6648 

44.1952 

44.7256 

46.2600     45.7M4 

46.  an: 

13 

46.8720 

47.4148 

47.9576 

48.5(H8 

49.0520 

49.6032 

50.1544 

60.7096'    51.%48     .«il  SJfc' 

14 

52.3832 

52.9464 

53.8096 

54.0768 

64.6440 

55.2152 

65.7864 

56. 8616     56. 9968     57.  'il » 

15 

68.0944 

68.6776 

69.2608 

59.8472 

60.4336 

61.0244 

61.6152 
67.6336 

62.2096.    62.8010'     63  40^ 

16 

64.0000 

64.6020 

66.2040 

65.8096 

66.4152 

67.0244 

68.2464     68.8592     69.4^ 

17 

70.0928 

70.7132 

71.3386 

71.9672 

75.6808 

73.2064 

78.8360 

74.4672 

75.0984      75.73» 

18 

76.3672 

77.0a'i6 

77.6440 

78.2856 

78.9272 

79.6724 

80.2176 

80.8664 

81.5152     82.  ir^ 

19 

82.8192 

83.4748 

84.1304 

84.7892 

85.4480 

86.11(M 

86.7728 

87.4384 

88.1040     88.  i.^ 

20 

89.4424 

90. 1152 

90.7880 

91.4686 

92.1892 
98.9968 

92.8184 
99.6924 

98.4976 

94.1800 

94.8624      96.M^4 

21 

96.2344 

96.9232 

97.6120 

98.3044 

100.3880 

101.0868J  101.7«56    102  4-?: 

22 

103. 1883 

103.8940 

104.6008 

106.8076 

106.0160 

106.7276 

107.4392 

108.1540   108.8688   109.  V^ 

23 

110.3040 

111.0248 

111.7466 

112.4700 

113. 1944 

113.9216 

114.6488 

115.3788|  116.1068   116  Mil' 

24 

117.5752 

118.3128 

119.0496 

119.7876 

120.8272 

121.2696 

122.0120 

122.7576  123.5082.  12i.J>:i 

25 

125.0000 

125. 7516 

126.5032 

127.2676 

128.0120 

128.7706 

129.5292 

130.2876 

131.0180   131.  ^1-2 
138.7400   139.  sw» 

26 

132.5744 

133.3408 

134. 1072 

134.8764 

136.6486 

136.4180 

137.1904 

187.9652 

27 

140.2960 

141.0768 

141. 8576 

142.6416 

143.4256 

144.2120 

144.9984 

146.7880 

146.5776    147.oT<X' 

28 

148. 1624 

148.95?2 

149.7520 

150.5600 

151.3480 

152.1488 

152.9496 

158.7532 

154.5668    155. 3r-.;. 

29 

156. 1696 

156.9788 

157.7880 

158.6000 

159.4120 

160.2268 

161.0416 

161.8588 

162.6760    16;V4A4 

30 

164.3168 

165.1396 

165.9624 

166.7884 

167.6144 

168.4428 

169.2712 

170.1020 

170.9828    in-T'-i- 

31 

172.6008 

173.43T2 

174.2736 

175.1128 

175.9620 

176.7940 

177.6860 

178.4804 

179.3248    1W-1?J» 

32 

181.0192 

181.8692 

182.7192 

183.5716 

184.4240 

185.2792 

186.1844 

186.9920 

187.8496   iNvTlV 

33 

189.5704 

190.4336 

191.2968 

192. 1624 

193.0280 

193.8960 

194.7640 

195.6348 

196.5066   197.,??* 

84 

198.2520 

199. 1460 

200.0400 

200.9008 

201. 7616 

-2Q2.642f 

208.6232 

204.4068  205.2904    206.1-^4 

35 

207.0624 

207. 9612 

208.8400 

209.7312 

210.6224 

211.5204 

212. 4184 
221.4224 

213.8104 

214.2024'  21.\.1«'J 

1 

36 

21C.0O0O 

216.9012 

217.8024 

218. 7060 

219.6096 

220.5760 

222.8312 

223.2400  224.1.^:: 

37 

225. 0624 

225.9760 

226. 8896 

227. 8a% 

228.7216 

299.6404 

230.6692 

231.4800 

232.4008  233.3L4I 

88 

231.2480 

235. 1736 

236.0992 

237.0276 

237.9560 

238.8868 

289.8176 

240.7508 

241.6840  242.  ».l^ 

39 

243.5552 

244. 4932 

245.4312 

246.3712 

247.3112 

248.2540 

249.1968 

250.1420 

251.0672  2r<Lir>** 

40 

252. 9824 

253.9320 

254.8816 

255.8340 

256. 7864 
266.3792 

257.7412 

258.6960 

259.6528!  260.6096 

271-Li>.t' 

41 

262.5280 

263.4896 

264.4512 

2t»5. 4152 

267.8456 

268.3120 

269.2804!  270.2488 

42 

272.1912 

273. 1644 

274. 1376 

275. 1132 

276.0888 

277.0672 

'278.0466 

279.6252  280.0048   2i«L^^ 

43 

281.9696 

282. 9544 

283.9392 

284.9264 

285.9136 

286.9028 

287.8920 

288. 8886:  289. 8752  290  '*\'i 

44 

291.8632 

292.  Wig? 

293.8552 

294.8536 

295.8520 

296.8628 

297.8536 

298.8564  299.8592   900  ^-4^ 

45 

301.8r»S8 

302.8764 

303.8840 
314.0240 

304.8936 

305.9032 
316.0656 

;^.9148 
317.0877 

307.92&I 

808.9404   80».9frf4   310^T> 

46 

811.9872 

313.0ft=6 

315.0448 

818. 1112 

819.0656  320.0000  SJl  1  ni 

47 

822.2160 

323.2452   324.2744 

325.3060 

:«6. 8376 

327. 3716 

328.4056 

329.4416  330.4776   331  SI  < 

48 

382.5536 

833.592"'  3:}4.6:«3 

XV>.  4753 

336.7188 

337.7588 

338.8051 

339.8529  340.8972!  341.  M"^ 

49 

843.0000 

344.  W86   3-15.0986 

346. 1500 

347. 2079 

348.2622 

3'19.3179 

350.3750  351.4386   3.%L4:i9« 

60 

853. 5r)00 

354. 6128 

355. 6720 

356. 7376 

357. 7996 

358.8681 

869.9829 

860.9992 

362.0719 

1 
1 

362.  IV^ 
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Table  of  IT  Sl2  for  calcvJUUing  furrsepover  of  turbines. 


Head  in 
feet. 


51 
52 
53 
54 
55 

5G 
57 
58 
59 
60 


0.0. 


864.2114 
874.9772 
886.8453 
896.8136 
407.8866 


61 
62 
63 
64 
65 


419. 0648 
430.3386 
441.7106 
464.0649 
464. 7540 


66 
67 
68 
69 
70 


476.4222 
400.  looU 

500.0436 
512.0000 
524.0430 


71 
72 
73 
74 
75 


536.1840 
548.4151 
660.7416 
678.1564 
585.6620 


696.2631 
610.9344 
623.7120 
636.5702 
649.5150 


76 
77 
78 
79 
80 


662.5452 
676.6673 
688.8726 
702.1699 
715.5860 


81 
82 
83 
84 
85 


86 
87 
88 
89 
90 


91 
92 
93 
94 
95 


96. 
97. 
96. 
99. 
100 


729.0000 
742.5346 
756.1632 
769.8684 
783.6575 


797.6296 
811.4751 
825.5704 
839.6171 
853.8120 


868.0763 
882.4272 
896.8648 
911.8582 
925.9365 


940.6984 
966.8336 
970.1412 
966.0302 
1,000.0000 


.1 


.2 


366.2832  866.3564 
370.0578  377.1397 


886.9343 
397.9163 


388.0801 


.3 


367.4311  368.6020 
378.2331  379.8078 


389.1219 


899.0204  400.1258 


409.0017  410.1189 


420.1833 
481.4704 
442.8556 
455.3271 


411.2278 


390.2205 
401.2326 
412.3477 


421.3089  422.4257  423.6583 
432.6086'  433.7880'  434.8738 


869.6794 
380.8940 
391.3150 


.6 


370.6582 
381.4816 
392.4163 


.7 


402  3406  403.4448 


413.4639 


443.9961  445.1438 
456.4907'  466.6466 


446.2869 
457.8017 


465.9192  467.0797  468.2475  469.4106 


424.6879 
436.0110 
447.4372 


414.6814 


425.8131 
437.1494 
448.6830 


371.7333 
382.6703 
893.6136 
404.6657 
416.7002 


477.3942 
489.8666 


478.7676  479.9422'  481.1181 


490.6465  491.7339 
601.2348  602.4273'  503.6211 


458.9692  460.1179 
470.6760  471.7467 


482.2891 


518.1974 
626.2628 


637.2996 
649.6429 
661.9748 
674.4006 
686.9122 


504.8161 
614.3960,  516.6024'  516.8035 
526.4689  627.6762  628.8898 


538.6230 
550.8720J 
663.2160' 
676.6473! 
688.1707 


639.8411 
662.1022 
564.4516 
576.8947 
689.4303 


492.9163  494.1000 
506.0061 
518.0059 
630.1046 


699.6162 
612:20831 
624.9903 
637.8602 
660.8166 

663.8583 
676.9842 
690.2009 
703.4996 
716.8789 


600.7856 
613.4&t0 
626.2699 
639. 1613 
662.1118' 


541.0670 
653.3337 
565.6953 
578. 1436 
590.6841 


483.4676 
495.2912 
507.2036 
619.2160 


426.9453 
438.2892 
449.7800 
461.2720 


.8 


872.8149 
383.6606 
394.6122 
406.6679 
416.8201 


428.0732 
439.4302 
450.8842 
462.4334 


472.9137  474.0819 


484.6478 
496.4774 


485.8222 
497.6648 


508.4024!  509.5961 
520.4209  621.6270 


631.3120  532.6313 


602.0500 
614. 7696 
627.6579 
640.4437 
663.4157 


603.3157 
616.0871 
628.8396 
641.7372 
654.7208 


665.1650  666.4728; 
677.2048|  679.6216 
691.6226  692.8532' 


704.8324 


706.  I6661 


730.^60 
743.8998 
767.6312 
771.2474 
785.0689 


718.2230  719.5683 


667.7894 
680.9419 
694.1771 
707.5016 
720.9146 


798.9219 
812.8781 
826.9164 
841.0327 
866.2382 


731.7613  733.0495  784.3989 

745.2680  746.6173|  747.9776 

758.9004  760.2624  761.6838 

772.6192  774.0004'  775.3743 


786.4216!  787.8052 


r89.1984 


800.8066  801.7011  803.096(^ 


814.2736 
828.3214 
842.4494 
866.6564 


869.5130  870.9417 


883.8662 
896.3032 
912.8170 
927.4066 


815.6788 
829.7374 
843.8671 
858.0847 


872.3806 


886.3044  886.7445 


899.7628 
914.2676 
928.8664 


901.1946 
916. 7284 


817.0768 
831. 1466 
845.2859 
aw.  5031 


873.8114 
888.1857 
902.6456 
917.1809 


930.3281  931.7908 


942.0683 
966.8136 
971.6814 
986.6206 


943.5392,  915.0111  946.4811 


958.2948 
973. 1129 
988.0220 


959.7672 
974.6061 


I 


961.2603 
976.aS86 


989.5145  991.0080 


542.2876  543.5092 


554.5665^ 
566.9834 


555.6179 
668.1795 


.9 


873.8927 
384.7522 
895.7122 
406.7759 
417.9419 


429.2080 
440.6726 
452.0869 
463.5960 
475.2614 


487.0044 
498.8686 
610.7974 
522.8344 


533.7498'  534.9630 


679.3937  680.  &M9 
591.94621  593.2023 


604.5825  605.8606 
617.8085'  618.5888 
630.1302!  631.4144 
643.0318  644.3276 
666.0195  657.3268 


544.7389 
657.0366 
669.4199 
581.8974 
594.4668 


645.9630 
658.2662 
670.6616 
683.1610 
695.7253 


669.0996  670.4108 

682.2635  683.6784 

695.5100  696.8361 

708.8379  710.1762 


722.2510 


723.6026 


785.7575J  737.1091 
749.3392'  750.7018 


763.0063 
776.7493 


764.3798 
778.1338 


790.5843  791.9712 


804.4932 
818.4837 
832.5649 
846.7058 
860.9855 


805.8909 
819.8834 
833.9652 
848. 1267 
862.3670 


876.2432 
889.6280 


876. 6761 
891.0712 


607.1197 
619.8692 
632.6997 
645.6246 
658.6278 

671.7131 
684.9021 
698. 1713 
711.5137 
724.9523 


608.3901 
621.0841 
683.9862 
646.9162 
659.9375 


547.1884 
559.5027 
571.9113 
584.4069 
596.9921 

609.6616 
622.4274 
635.2813 
648.2146 
661.2408 


673.0368  674.3514 
686.2271'  687.5454 
699.4997  700.8292 
712.8534  714.1941 
726.2950  727.6496 


738.4699 
752.0655 
765. 7461 
779.6110 
793.3691 


739.8237 
763.4303 
767. 1219 
780.8892 
794.7482 


741. 1876 
754.7962 
768.4904 
782.2770 
796.1383 


807.2810  808.6808 
821.2929  822.6947 
835.3766|  836.7890 
819.5487  860.9627 


863.79a5 


865.2241 


904.0982  905.6619 


918.6439 


920.0985 


933.2642  934.7290 


810.0833 
824. 1064 
838.2026 
862.3868 
866.6496 


878.1192  879.5541  880.9901 

892.5156'  893.9609  ^^5.4073 

906.9972*  908.4530  909.9097 

921.5541'  923.0202!  924.4778 

936.1948  937.66161  939.1296 


947.9581  949.4331 
962.7345  964.2099 


977.6829 
992.6025 


979.0684 
993.9980 


950.9091  952.3764  953.8546 


965.6961'  967.1735 
980.5518  982.a522 
995.4946  996.9920 


968.6617 
983.  M07 
998.4905 
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Table  of  three-halves  powers. 


,00 
,01 
,02 

,03 
,04 
,05 


0. 


0.0000 
0.0010 

0.0028 
0.0052 
0.0080 
0.0112 


.06  0.0147 
.070.0186 
.060.0226 


.09 
.10 

.11 
.12 
.13 
.14 
.16 

.16 

.17 
.18 
.19 
.20 

.21 
.22 
.23 
.24 
.25 


0.0270 
0.0316 


0.0365 
0.0416 
0.0469 
0.0524 
0.0581 


0.0640 
0.0701 
0.0764 
0.0828 
0.0894 


0.0962 
0.1032 
0.1103 
0.1176 
0.1250 


.26.0.1326 
.27  0.1408 
.280.1482 
.290.1562 


.30 

.81 
.32 
.33 
.34 
.36 

.36 
.37 
.38 
.39 
.40 

.41 
.42 


0.1643 


0.1726 
0.1810 
0.18% 
0.1983 
0.2071 


0.2160 
0.2251 
0.2342 
0.2436 
0.2530 


1. 


1.0000 
1.0150 
1.0302 
1.0453 
1.0606 
1.0759 


1.0913 
1.1068 
1.1224 
1.1380 
1.1537 


1.1695 
1.1853 
1.2012 
1.2172 
1.2832 


1.2494 
1.2656 
1.2818 
1.2981 
1.3146 


1.8310 
1.3475 
1.3641 
1.3808 
1.3976 


1.4144 
1.4312 
1.4482 
1.4652 
1.4822 


1.4994 
1.5166 
1.5338 
1.6512 
1.6686 


1.6860 
1.6036 
1,6211 
1.6388 
1. 6566 


0.2626  1.6743 


0.2722 


1 
.430.2820] 

.44,0.2919 


2. 

8. 

2.8284 
2.8497 
2.8710 

5.1962 
5.2222 
5.2482 

2.8923|  5.2743 
2.9137  5.3004 
2.9352  5.8266 


2.9667 
2.9782 
2.9998 
3.0215 
3.0432 


3.0650 
8.0868 
3.1086 
3.1806 
8.1525 


3.1745 
3.1966 
3.2187 
3.2409 
3.2631 


8.2864 
3.8077 
8.3301 
3.8525 
3.8750 


8.3976 
3.4201 
8.4427 
3.4664 
8.4881 


6.3528 
5.8791 
5.4064 
5.4317 
6.4581 


5.4845 
5.6110 
5.6375 
5.5641 
5.5907 


5.6173 
5.6440 
5.6706 
5.6975 
5.7243 


5.7512 
5.7781 
5.8050 
5.8320 
5.8690 


3.5109 
8.5337 
3.6566 
3.6796 
3.6026 


3.6256 
3.6486 
3.6717 
3.6949 
3.7181 


6.8861 
5.9132 
5.9403 
5.9675 
6.9947 


6.0220 
6.0493 
6.0767 
6.1041 
6. 1316 


6.1590 
6.1865 
6.2141 
6.2417 
6.2693 


3.7413  6.2970 
1.6921  8.7646  6.3247 
1.7100  3.7880!  6.3525 


1.7280  3.8114 


3.8349 


6.3803 
6.4081 


3.8684  6.4360 
3.8819|  6.4639 
3.9055  6.4919 


3.9292 
8.9G29 


I 


6.6199 
6.6479 


4. 


8.0000 
8.0300 
8.0^1 
8.0902 
8.1203 
8.1505 


8.1807 
8.2109 
8.2412 
8.2716 
8.8019 


8.8328 
8.8627 
8.3932 
8.4237 
8.4542 


8.4848 
8.6154 
8.6460 
8.5767 
8.6074 


8.6382 
8.6690 
8.6998 
8.7307 
8.7616 


8.7926 
8.8235 
8.8546 
8.8856 
8.9167 


8.9478 
8.9790 
9.0102 
9.0414 
9.0726 


9.1040 
9.1363 
9.1667 
9.1981 
9.2296 


5. 


11.1808 
11.2139 
11.2476 
11.2811 
11.3148 
11.3485 


11.3822 
11.4160 
11.4497 
11.4836 
11.5174 


11.5613 
11.6862 
11.6192 
11.6682 
11.6872 


11.7213 
11.7564 
11.7896 
11.8236 
11.8878 


11.8920 
11.9263 
11.9606 
11.9949 
12.0293 


12.0636 
12.0961 
12.1325 
12.1670 
12.2015 


12.2361 
12.2706 
12.8053 
12.3399 
12.3746 


12.409:i 
12.4440 
12.4788 
12.5136 
12.6485 


6. 


14.6969 
14.7837 
14.7706 
14.8078 
14.8442 
14.8810 


14.9179 
14.9549 
14.9919 
16.0289 
16.0659 


16.1030 
16.1400 
16.1772 
15.2148 
15.2616 


15.2887 
16.3260 
15.3632 
16.4006 
16.4379 


16.4752 
16.6126 
16.6501 
15.5866 
16.6250 


16.6616 
15.7001 
15.7376 
16.7752 
16.8129 


15.8505 
16.8882 
16.9260 
15.9637 
16.0016 


9.2610  12.6833 

9.2925  12.6182 

9.3241  12.6532 

9.3657  12.6882 

9.3873  12.7232 


9.4189  12.7682 
9.4506  12.7933 


16.0393 
16.0772 
16.1150 
16.1629 
16.1909 


16.2288 
16.2668 
16.8048 
16.3429 
16.3810 


I 


16.4191 
16.4572 


9.4824!  12.8284  16.4964 


9.5141 
9.6469 


12.8635 
12.8986 


16.6886 
16.5718 


18.6203 
18.5600 
18.6997 
18.6894 
18.6792 
18.7190 


18.7689 
18.7968 
18.8387 
18.8786 
18. 9186 


18.9585 
18.9985 
19.0686 
19.0786 
19. 1187 


19.1589 
19.1990 
19.2392 
19.2794 
19.8196 


19.8699 
19.4002 
19.4406 
19.4808 
19.6212 


19.6676 
19.6021 
19.6426 
19.6880 
19.7236 


19.7641 
19.8046 
19.8462 
19.8858 
19.9266 


19.9672 
20.0079 
20.0486 
20.0894 
20.1802 


20.1710 
20.2118 
20.2527 
20.2936 
20.3345 


20.8755 
20.4165 
20.4676 
20.4966 
20.5896 


8.     9. 


22.6274  27.0000 
22.6699  27.0450 
22.7123  27.0690 
22.7548  27.1351 
22.7973  27.1802 
22.8399;  27.2253 


22.8825 
22.9251 
22,9677 
23.0103 
23.0630 


23.0957 
23.1384 
23.1812 
28.2240 
23.2668 


23.3096 
23.3626 
23.8954 
28.4383 
23.4812 


23.6242 
23.6672 
23.6102 
28.6683 
23.6963 


23.7394 
23.7826 
23.8257 
23.8689 
28.9121 


27.2705 
27.3156 
27.3606 
27.4060 
27.4512 


10. 


31.6228 
31.6702 
31.7177 
81.7652 
81.8127 
81.8602 


27.4965 
27.5418 
27.6871 
27.6324 
27.6778 


27.7232 
27.7686 
27.8140 
27.8596 
27.9050 


27.9514 
27.9960 
28.0416 
28.0672 
28.1328 


81.9078 
31.9564 
S2.008D 
32.<»06 
82.0983 


U. 


36.4£d  .Oil 
36.5SK  .01 
96.6824  a: 
36.6322  .m 
36.68:>li  .M 
S6.7S1!^  -U' 


3e.7MN| .» 

86.S31T  .0: 

S6.8SirJ  .DP 

36.931>  .'5 

S6.9Sl->  .10 


82.1460 
82.1987 
32.2414 
82.2892 
32.3370 


S2.3848 
82.4326 
32.4804 
32.5283 
S2.57G2 


82.6241 
82.6720 
32.7200 
32.7680 
32.8160 


28.1784 
28.2241> 
28.2698' 
28.8155 
28.3612 


37.0815  .11 
37.0615  M 
37.1315  IS 
37.1M«  H 
37.2317  .!> 


37. SIT  .V 

37.3ai^  .1: 

37.3je0  IS 

37.4824  JJ 


37.53:56 
87.5815s 
37.6331 
37.6KS 
37.7S3f. 


^1 


23.9558!  28.4069 
23.9986  28.4527' 
24.0418  28.4965' 
24.0651  28.6444' 
24.1286  28.6902! 


24.1718 
24.2182 
24.2586 
24.8021 
24.8455 

24.8890 
24.4826 
24.4761 
24.6196 
24.5632 


32.8640 
32.9121 
82.9600 
33.0083 
83.0664^ 

38.1046 
83.1527 
83.20O9< 
33.2492i 


88.2974' 


37.7840 
37.8&t3 
S7.S847 
37.9351 
37.985.^ 

38.0359 
3&0c«^ 

38.ise<^ 

3S.1IC4 
38.237i? 


.2^ 

.V 


28.6361' 
28.6820, 
28.7279 
28.7789: 
28.8199 


33.3457 
33.3940 
83.4423 
38.4906 
33.5390 


38. 2^^ 
38.3391' 
38.3S91:- 
38.440C> 
3$.4Sa^ 


28.1659 
28.9119 
28.9579 
29.0040 
29.0601 


24.6068, 
24.6605' 
24.6941 
24.7878 
24.7815 


83.5874  88.M1*»    4l 

33.6358  38.5022   .t: 

33.6842  38.6l2!i     4c 

33.7327  38.69Sb  A\ 

88.7811  38.744a  .4- 


29.0962 
29.1424 
29.1885 
29.2347 
29.2810 


88.8297.  38.7961 
33.8782  88.  ^S9 
33.92671  38.891^ 
88.9758!  38.»47:> 
34.0239  88. 
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Table  of  three-halves  powers — Continued. 


0. 


1. 


.510.3642 
.52|o.3750 
.5,^0.8858 
.54  0.3968 
.  .V>  0. 4079 


.56  0.4191 


1.8555 
1.8740 
1.8925 
1.9111 
1.9297 


2. 


1.WH4 


.570.4308  1.9672 
.580.4417  1.9860 
.590.4582   2.0ai9 


.600.4648 


.610.4764 
.62  0.4882 
.63  0.5000 
.  640. 5120 
.65'o.5240 


.66  0.5362 
.67  0.5484 
.68  0.5607 
.690.5732 
.700.5857 


2.0238 


3.9766 
4.00(M 
4.0242 
4.0481 
4.2520 

4.0960 
4.1200 
4.1441 
4.1682 
4.1924 


4. 


5. 


2.0429  4.2166 
2.0619  4.2408 


3. 

6.5760 
6.6041 
6.G323 

6.66aT 
6. 6S87 

6.7170, 

6. 7455}; 

6.7737     9.801613.1811 

6.8021 

6.8305 


9. 5778  12. 9338 
9.609712.9691 
9. 6416  13.0043 
9.673513.0396 
9.706513.0749 


9.737513.1108 
9.7695  13.1457 

;.] 

9.833713.2165 


16.6101 
16.6484 
16.6867 
16. 7250 
16.7634 


7. 


.71|0.5983 
.72  0.6109 
.730.6237 
.74  0.6366 
.750.&195 


.  76  0. 6626 
.  77'o.  6757 
.780.6889 
.79'o.7022 
.800.7155 


7290 

,7425 

7562 

7699 

.«>  0.7837 


.810. 
.820. 
.830. 
.840. 


,860. 


.87  0. 


7975 
8115 
.88|0.8256 
8396 
8538 


2.0810 

4.2651 

2.1002 

4.2895 

2.1195 

4.3139 

2.1388 

4.3:583 

2. 1581 

4.8628 

2.1775 

4.3874 

2.1970 

4.4119 

2.2165 

4.4S6G 

6.8590 
6.8875 
6. 9161 
6. 9447 
6.9733 

7.0020 
7.0307J 
7.0595 
7. 0883 
7.1171 


9.865913.2520 


9. 8981 13. 2875 
9.930313.32:n 
9.9626|13.3587 
9.994913.3943 

10.0272'l3.4299 


16.8018 
16.W02 
16.8787 
16.9172 
16. 9557 

16.9943 
17.0328 
17.0714 
17. 1101 
17. 1488 


2.2361 
2.2658 
2.2755 
2.2952 
2.3150 


2.3349 
2.3548 
2.3748 
2.3949 
2-4150 


2.4351 
2.4553 
2.4756 
2.4959 
2.5163 


.890. 
.90  0. 


.91 
.92 


0.8681 
0.8824 
.930.8969 
.94,0.9114 
.95  0.9259 

.960.9406 


2:6367 
2.6572 
2. 5777 
2.5983 
2.6190 


.97 
.98 
.99 

1.00 


0.9553 
0.9702 
0.98.50 


1.0000 


2.6397 
2.6604 
2.6812 
2.7021 
2.7230 

2. 7440 
2.7650 
2.7861 
2.8072 


4. 4612 
4. 4859 
4.5107 
4.5355 
4.5604 


10.0696jl3.4166 
10.592013.5018 
10.1244  13.5370 
10.1569ll8.5728 
10.189413.6086 


7.1460  10.2214  13.6444 

7.1749  10.254513.6803 

7.2038  10.2871  13.7161 

7.2328'  10.319713.7521 

7.2618!  10.352413.7880 


17. 1874 
17.2172 
17.2649 
17.8087 
17.3426 


4.5853 
P4.6102 
.6352 
4.6602 
4.6853 


7.2909   10.385113.8240 


4.7104 
4.7356 
4.7608 
4.7861 
4.8114 


7.3200 
7.3492 
7.3783 
7.4076 


10.4178 
10.4506 
10.4834 
10.6163 


13.8600 
13.8961 
13. 9321 
13.9682 


4.8367 
4.8621 
4. 8875 
4.9130 
4.9385 


7.4368  10.549214.0044 

7.4661  10.5812  14.0406 

7.4955'  10.6150 

7.5248  10.6480 

7.55-12  10.6810 


17.3814 
17.4202 
17.4591 
17.4981 
17.6370 


17.5760 
17.6150 
17.6541 
17.6931 
17. 7322 


17.7714 

17.8106 

14.0768  17.8^7 

14.1130  17.8889 


14. 1493 


7.5837j  10.7141  14.1856 

7.6132  10. 7472' 14. 2219 

7.6427^  10.780314.2682 

7.6723  10.8134  14. 2W6 


7.7019 


4.9641   7.7815 


4.9897 
5.0154 
5.0411 


7.7702 
7.7909 
7.8207 


10.8466 


14.3311 


10.879814.3675 
10.913114.4040 


5.0668;  7.85a5 


2.8284 


5.0926 
6.1184 
5. 1443 
6.1702 


5.1962 


7.8803 
7.9102 
7.9401 
7.9700 


8.0000 


10.9464 
10.9797 
11.0131 


11.0464 
11.0799 


14.4405 
14. 4770 
14.5136 


14.6502 
14.6869 


11.113314.6235 
11.146814.6602 


11.180314.6969 


17.9282 


17. 9674 
18.0067 
18.0461 
18.0854 
18. 1248 


18. 1642 
18.2037 
18.2432 
18.2827 
18. 3222 


18.3617 
18.4013 
18.4409 
18.4806 


18.5203 


20.5807 
20.6218 
20.6680 
20.7041 
20.7453 

20.7866 
20.8278 
20.8691 
20.9104 
20.9518 

20.9931 
21.0345 
21.0759 
21.1174 
21.1589 


21.2004 
21.2419 
21.2834 
21.3250 
21.3666 

21.4083 
21.4499 
21.4916 
21.6333 
21.5751 


21.6169 
21.6587 
21.7005 
21.7423 
21. 7842 


21.8261 
21.8681 
21.9100 
21.9520 
21.9940 


8. 


9. 


I 
24.8253  29.8272 


10. 


24.8691 
24.9129 
24.9567 
25.0005 


25.0444 
25.0883 
26.1822 
25. 1762 
25.2202 


25.2642 
25.3082 
25.8522 
25.3963 
25.4404 


25.4845 
25.5287 
25.5729 
25.6171 
25.6613 


25.7056 
26.7499 
25. 7M2 
25.8395 
25.8828 


26.9272 
25.9716 
26.0161 
26.06a5 
26.1050 


26.1495 
26.1941 
26.2886 
26.2832 
26.3278 


22.0361  26.8725 
22.0781  26.4171 
22.1202  26.4618 
22.I623!  26.5065 


22.2045 


22.2467 
22.2889 
22.3311 
22. 3733 
22.4156 


22.4579 
22.5083 
22.5426 
22.68.50 


22.6274 


26.6628 


26.5960 
26.6408 
26.6856 
26.7305 
26.7753 


26.8202 
26.8651 
26.9100 
26.9550 


27.0000 


29.8786 
29.4198 


34.0725 
84. 1211 
84.1698 


29.4661  34.2185 
29.5124  34.2672 


29.5588  34.3159 


29.6052 
29.6516 
29.6980 


34.3647 
34.4185 
34.4628 


29.7445  34.5111 


29.7910 
29.8375 
29.8841 
29.9306 


11. 


89.04981 
39.1002 
89. 1511 
89.2020 
89.2630 


39.3040 
39.3660 
39.4060 
89.4571 
39.6082 


.61 
.52 
.68 
.64 
.56 


84.5699  39.5593 


34.6088 
84.6577 


.66 
.67 
.58 
.69 
.60 

.61 
.62 


39.6104 
89.6615  .63 
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34.7066^  39.7127 
29.9772'  34.7557  39.7689 


80.0238 
30.0704 
30.1171 
30.1638 
30.2105 


30.2572 
80.3040 
30.8507 
30.8975 
30.4444 


80.4912 
30.5381 
30.5860 
30.6819 
30.6789 

80.7258 
30.7728 
30.8198 
30.8669 
30.9139 


30.9610 
31.0081 
31.0563 
31. 1024 
31. 1496 


31.1968 
31. 2441 
31.2913 
31.3386 
31.8850 

81.4332 
31.4806 
81.5280 
31.6754 


31.6228 


34.8045 
34.8536 
34.9025 
34.9516 
35.0006 


35.0497 
35.0988 
35. 1479 
35.1971 
35.2462 


35.2954 
35.3446 
35.8939 
85.4431 
35.4924 


35.5417 
35.5911 
35.6404 
35.6898 
35.7392 


36.7886 
35.8380 
35.8875 
35.9370 
35.9865 

86.0860 
36.0856 
36.1352 
36.1848 
36.2344 


36.2841 
86.8837 
36.3834 
36.4881 

86.48291 


.65 


89.8151   .66 
89.8663   .67 


89.9176 
89  9689 
40.0202 

40.0715 
40.1228 
40.1742 
40.2256 


.68 
.69 
.70 

.71 
.72 
.73 
.74 


40.2770  .75 


40.3284 
40.3798 
40.4313 
40.4828 
40.5343 


.76 
.77 
.78 
.79 
.80 


.81 
.82 


40.5859 
40.6374 
40.6890!  .83 
40. 7406]  .84 
40.7922;  .85 


40.8439;  .86 
40.8955  .87 


40.9472 
40.9989 


.88 
.89 


41.0507  .90 


41.1024 
41.1642 
41.2060 
41.2678 
41.3097 


.91 
.92 
.93 
.94 
.95 


41.3615  .96 
41.4134  .97 
41.4653  .98 


41.6178 


.99 


41.66921.00 
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CONVENIENT  EQUIVALENTS. 

second-foot  equals  50  California  miner's  inches. 

second-foot  equals  38.4  Colorado  miner's  inches. 

second-foot  equals  40  Arizona  miner's  inches. 

second-foot  equals  7.48  United  States  gallons  per  second. 

second-foot  equals  6.23  British  imperial  gallons. 

second-foot  for  one  day  equals  1.9835  acre-feet. 

second-foot  for  one  day  equals  646,272  United  States  gallons. 

second-foot  for  one  year  equals  0.000214  cubic  mile. 

second -foot  for  one  year  covers  1  square  mile  1.131  feet  deep. 

second-foot  equals  449.9  gallons  per  minute. 

second-foot  equals  about  one  acre-inch  per  hour. 

cubic  foot  of  water  weighs  62.47  pounds. 
LOO  California  miner's  inch  equals  2  second-feet. 

100  California  miner's  inches  equals  15  United  States  gallons  per  second. 
LOO  California  miner's  inches  equals  77  Colorado  miner's  inches. 
LOO  California  miner's  inches  for  one  day  equals  4  acre-feet. 
100  Colorado  miner's  inches  equals  2.60  square  feet. 
LOO  Colorado  miner's  inches  equals  19.5  United  States  gallons  per  second. 
LOO  Colorado  miner's  inches  equals  130  California  miner's  inches. 
LOO  Colorado  miner's  inches  for  one  day  equals  5.2  acre-feet. 
100  United  States  gallons  per  minute  equals  .223  second-foot. 
LOO  United  States  gallons  per  minute  for  one  day  equals  44  acre-feet. 

million  United  States  gallons  per  day  equals  1.55  second-feet 

million  United  States  gallons  equals  3.07  acre-feet. 

million  cubic  feet  equals  22.95  acre-feet. 

acre-foot  equals  325,850  gallons. 
A  layer  1  inch  deep  on  one  square  mile  equals  2,323,200  cubic  feet. 
A  flow  of  1  second-foot  in  one  year  equals  31,536,000  cubic  feet. 

inch  deep  on  1  square  mile  equals  0.0737  second-foot  per  year.  • 
10  inches  deep  on  1  square  mile  equals  0.7367  second-foot  per  year. 
A  flow  of  1  second-foot  per  year  covers  1  square  inch  13.589. 

cubic  mile  equals  147,198,000,000  cubic  feet.  : 

cubic  mile  equals  4,667  second-feet. 

second-foot  per  year  equals  31,536,000  cubic  feet. 

second-foot  per  year  equals  0.000214  cubic  mile. 

foot  per  second  equals  1.077  kilometers  per  hour. 

foot  per  second  equals  0.68  mile  per  hour. 

inch  equals  2.54  centimeters. 

foot  equals  0.3048  meter. 

yard  equals  0.9144  meters. 

mile  equals  1.60935  kilometers. 

square  yard  equals  0.836  square  meter. 

acre  equals  0.4047  hectare. 

square  mile  equals  259  hectares.  ! 

square  mile  equals  2.59  square  kilometers. 

cubic  foot  equals  0.0283  cubic  meter. 

cubic  yard  equals  0.7646  cubic  meter. 

gallon  equals  3.7854  liters. 

pound  equals  0.4536  kilogram. 

atmosphere  equals  about  15  pounds  per  square  inch,  1  ton  per  square  foot,  1 
kilo  per  square  centimeter.  ! 

Acceleration  of  gravity  equals  32.16  feet  per  second  every  second. 
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1  acre  equals  209  feet  square,  nearly. 

1  acre  equals  43,560  square  feet,  equals  4,840  square  yards. 

1  mile  equals  1,760  yards,  equals  5,280  feet,  equals  63; 360  inches. 

1  cubic  foot  equals  7.48  gallons,  equals  0.804  bushel. 

1  gallon  equals  8.34  pounds  of  water. 

1  gallon  equals  231  cubic  inches  (liquid  measure). 

1  avoirdupois  pound  equals  7,000  grains. 

1  troy  pound  equals  5,760  grams. 

1  meter  equals  39.37  inches.    Log.  1.5951654. 

1  meter  equals  3.28083  feet.     Log.  0.5159842. 

1  meter  equals  1.093611  yards.     Ijog,  0.0388629. 

1  meter  equals  0.00062137  mile.     Log.  6.7933495. 

1  kilometer  equals  3,281  feet,  equals  |  mile,  nearly. 

1  square  meter  equals  10,764  square  feet,  equals  1.196  square  yard. 

1  hectare  equals  2.471  acres. 

1  cubic  meter  equals  35.314  cubic  feet,  equals  1.308  cubic  yards. 

1  liter  equals  1.0567  quarts. 

1  gram  equals  15.43  grains. 

1  kilogram  equals  2.2046  pounds. 

1  tonneau  equals  2,204.6  pounds. 

1  cubic  meter  per  minute  equals  0.5886  second-foot. 

1  horsepower  equals  550  foot-pounds  per  second. 

1  horsepower  equals  76  kilogrameters  per  second. 

1  horsepower  equals  746  watts. 

1  horsepower  equals  1  second-foot  of  water  falling  8.8  feet. 

1  second-foot  falling  10  feet  equals  1.135  horsepower. 

H  horsepowers  equals  about  1  kilowatt. 

«,        1     ,  X         .  .  ,  1        8ec.-ft.  X  fall  in  feet.        ^t  .   ^ 

To  calculate  water  power  quickly:    ,  j —    ^^^  horsepow^er  on 

water  wheel,  realizing  80  per  cent  of  the  theoretical  power. 

Quick  formula  for  computing  discharges  over  weirs:  Cubic  feet  per  minute  equals 
0.4025    \\/~h*  ;    1= length  of  weir  in  inches;  h=head  in  inches  flowing  over  weir, 
measured  from  sur&u^  of  still  water. 
To  change  miles  to  inches  on  map: 

Scale  1 :  125000,  1  mile  =  0.50688  inches.  Log.  =  9. 7049052. 
Scale  1 :  90000,  1  mile  =  0. 70400  inches*  Log.  =  9. 8475727. 
Scale  1:62500,  1  mile  =  L 01 376  inches.  Log.  =0.0059352. 
Scale  1 :45000,    1  mile  =  1.40800  inches.     Log.  =  0.1486027. 
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Acre-feet,  converalon  of,  into  millions  of 

gallons,  table  for 06 

conversion  of,  Into  second-feet  per  day, 

table  for 64 

conversion  of  second-feet  into,  tables 

for 64-56 

equivalents  of 72 

Authority  for  work,  instructions  concern- 
ing         89 

Bench  marks,  location  of 17 

Boat  stations,  description  and  illustrations 

of 12,13-14 

Bridge  stations,  measurements  made  from.       12 
Cable  station,  car,  gage,  etc.,  plate  and  flg- 

uresbowtng 12 

Cable  stations,  equipment  of 12-18 

Chain  gage,  U.  S.  G.  S.  standard,  descrip- 
tion of 16-17 

figure  showing 16 

Computation  forms,  llstof 83 

Cubic  feet,  equivalents  of 72 

Cubic  miles,  equivalents  of 72 

Current  meter,  battery  and  buzzer  of 80 

description  of,  and  suggestions  concern- 
ing use  of 26-30 

measurements  by,  computation  of 46-49 

reratingof 81 

stay  lines  on,  use  of 17 

figures  showing 13, 16 

Current-meter  gaging  stations,  classification 

and  equipment  of 11-14 

favorable  conditions  for 10-11 

unfavorable  conditions  for 12 

Current-meter  notebooks,  instructions  for 

use  of 84-36 

Currentrmeter  rating  station  at  Denver, 

Colo.,  view  of 20 

Decimal  figures,  rule  for  reducing  number 

of : 46 

Denver,  Colo.,  current-meter  rating  station 

at,  view  of 20 

Depth,  computation  of,  formulas  for 47 

measurements  of,  methods  of lS-19, 21 

Diiwhaige,  computation  of,  formulas  for .. .       47 

computation  of,  instructions  for 42-44 

factors  for  computation  of 18 

report  of  gage  height  and,  sample  of . . .       46 
Discharge-measurement  cards,  instnictlons 

for  use  of 86 

Discharge-measurement  forms,  list  of 83 

Discharge  mea.<n]rements,  checking  of 22 

classes  of 22-24 

distribution  of 23 

object  of  making 41 


Page. 

District  engineer,  duties  of 81 

District  hydrographer,  duties  of 81 

Engineers  (district),  duties  of 81 

Equivalents,  table  of 72-78 

Feet,  conversion  of,  to  meters,  table  for 67 

Feet  per  second,  conversion  of,  into  miles 

per  hour,  table  for     62 

See  also  Second-feet. 

Fellows,  A.  L.,  acknowledgment  to 10 

Field,  John  £.,  acknowledgment  to 10 

Field  notes,  computation  of,  time  for 82 

Flood- flow  measurements,  instructions  for.       23 

Floods,  reports  on 25 

Forms,  standard,  instructions  for  use  of 84-40 

listof 83 

I         use  of ,  for  transmitting  data 82 

I  Gage-height  books,  instructions  for  use  of . .       84 
Gage-height  cards,  instructions  for  use  of. .       84 

Gage-height  forms,  listof 33 

Gageheightand  discharge  report,  sample  of .       45 

Gage  heights,  object  of  taking 41 

Gages,  forms  of 14-17 

readings  of 24-25 

Gaging  stations,  bench  marks  at 17 

classification  and  equipment  of 11-14 

cross  sections  of  streams  at 26 

location  of,  favorable  conditions  for  . . .  10-11 

unfavorable  conditions  for 11 

purposes  of 10 

report  on  measurement  at,  sample  of  . .       48 
Gallons,  conversion  of  cubic  feet  into,  table 

for 61- 

conversion  of,  into  cubic  feet,  table  for.       61 
conversion  of  second-feet  per  day  into 

millions  of,  table  for 68 

equivalents  of 72 

millions  of,  conversion  of,  into  acre- 
feet,  table  for 65 

Gallons  per  minute.    See  Minute-gallons. 
"  Grains  per  U.  S.  gallon,"  conversion  of,  to 

* '  parts  per  million,"  table  for . .       67 
Gravity,  acceleration  of,  equivalent  of,  in 

second-feet 72 

Grover,  N.  C. ,  acknowledgment  to 10 

Hall,  B.  M.,  acknowledgment  to 10 

Hall,  M.  R.,  acknowledgment  to 10 

Hanna,  F.  W.,  acknowledgment  to 10 

Hinderlider,  M.  C,  acknowledgment  to  ...       10 

Horsepower,  equivalents  of 78 

Horsepower  of  turbines,  table  for  calcula- 
tion of 69-70 

Horton,  R.  E. ,  acknowledgment  to 10 

Hydrographer's  (resident)  monthly  report, 

Bample  foim  for m-99 

76 
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H  y d  rographcrs  (district) ,  duties  of 81 

Hydrographic   reporta,  mificellaneoua,  in- 
formation concerning 41 

Information  concerning  work  in  progress, 
requests  made  for,  instructions 

concerning 39 

Instruments,  description  and  care  of 26-81 

Integration  method  of  measuiing  velocity, 

description  of 20 

Maps,  use  of,  in  reports 86 

Measurement,  unitsof 46 

Meter,  current    See  Current  meter. 

Meters,  conversion  of,  to  feet,  table  for 67 

Metric  measurements,  equivalents  of 72-73 

Miles  on  map,  conversion  of,  to  inches 73 

Miles  per  hour,  conversion  of,  into  feet  per 

second,  table  for 62 

Miner's  inch,  equivalents  of 72 

Minimum-flow  measurements,  importance 
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ACCURACY  OF  STREAM  MEASUREMENTS. 


By  Kdward  C.  Murphy. 


INTROT>irCTION. 

Since  1902,  when  the  first  edition  of  the  |)aper  on  the  accuracy  of 
stream  measurements  wa«  published,  many  additional  data  relating  to 
this  subject  have  l)een  collected  and  studied,  both  hy  the  author  and 
by  various  engineers  of  the  United  States  Geological  Survey. 

In  order  to  give  the  public  the  benefit  of  these  later  data  and  studies, 
and  also  to  supply  the  continued  demand  for  the  first  edition,  the  sup- 
ply of  which  had  Iwcome  exhausted,  it  was  thought  dcsimble  to  pre- 
pare and  i.ssue  a  second  edition.  In  preparing  this  enlarged  edition 
the  material  presented  in  the  first  edition  has  been  revised  in  accord- 
ance with  the  new  data. 

FACTORS  CONTROIiTilNG  ACCURACY  OF  STREAM  MT5A8- 

URFMBNTS. 

The  accuracy  of  a  stream  measurement  depends  largely  upon  the 
accurac}'  with  which   the  cross-sectional  area  and   the  velocity  are 
nieasured.     There  is  no  special  difficulty  in  measuring  the  first  factor, 
but  the  second  factor — the  velocity — ^is  very  difficult  to  measure,  chiefly 
for  the  reason  that  it  is  constantly-  changing.     It  not  only  varies  from 
the  surface  to  the  bottom  and  from  one  bank  of  the  stream  to  the  other, 
so  that  it  is  necessary  to  measure  it  at  many  points,  but  it  is  constantly 
changing  at  every  point,  cv^en  when  the  cross-se(^tional  area  and  the 
discharge  (and  consequently  the  mean  velocity)  remain  constant.    Sev- 
eral experimenters  have  observed  the  phenomenon  of  ''pulsation  of 
moving  water,"  and  a  few  have  tried  to  measure  it,  but  as  yet  little 
is  known  of  the  magnitude  and  frequency  of  the  pulsations  or  of  the 
laws  governing  them.     J.  B.  Francis  says:'*  ''  It  is  observed  that  there 
is  a  continual  change  in  all  parts  of  these  channels,  although  there 
may  be  no  sensible  change  in  the  volume  of  water  flowing  and  conse- 

rtTraus.  Am.  Soc.  Civ.  Eng,,  vol.  7,  p.  lU. 
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quently  in  the  mean  velocity."  Captain  Cunningham  says:**  ''One  of 
the  most  important  conclusions  of  modern  experiments  is  that  the 
motion  of  water,  even  when  tmnquil  to  the  eye,  is  extremely  unsteady, 
so  that  there  is  no  definite  velocity  at  any  point,  but  the  veIocit3^  varies 
everywhere,  largely  from  instant  to  instant.  *  *  *  It  is  analo- 
gous to  the  unsteady  motion  of  wind,  which  is  exemplified  by  the 
swaying  of  wind  vanes  and  b}'  the  fluttering  of  pinions."  D.  F.  Henry 
says:*  "All  water  in  motion  has  an  intermittent  velocit3%  inci*easin(r 
and  decreasing  according  to  some  undiscovered  law,"  and  Henry  found 
this  true  of  streams  of  all  sizes,  from  small  mill  races  to  the  ^reat  St 
Lawrence  River. 

A  knowledge  of  these  phenomena  is  evidently  of  vital  importance  in 
making  and  computing  stream  measurements.  If  only  a  few  ot*serva- 
tions  of  velocity  arc  made,  these  may  all,  or  nearl}^  all,  l>e  made  at  a 
time  of  maximum  impulse,  and  thus  the  measured  mean  velocity  J»h 
too  large;  or  it  is  possible  that  most  of  the  observations  may  l>e  msvie 
at  a  time  of  minimum  impulse,  and  thus  the  mean  velocity  l>e  too 
small.  They  also  have  an  important  bearing  on  the  kind  of  instrument 
Ixist  suited  to  measure  the  velocity,  as  some — the  float  rod,  for  exam- 
ple— give  the  velocity  of  a  single  impulse,  while  othoi's,  as  the  current 
meter,  show  the  average  velocity  due  to  all  the  impulses  during  the 
observation. 

The  motion  of  water  in  an  open  channel  is  not,  however,  simply  a 
succession  of  impulses.  On  the  contrary,  it  is  exceedingl}-  <'omplex, 
very  different  from  the  imiform  flow  in  parallel  straight  lines  that  i> 
asstmied  in  deriving  the  common  h^^draulic  formula\  When  clo^ely 
observed  the  water  of  the  most  undisturbed  streams  is  seen  to  '*•  IkjH" 
and  swirl  and  to  be  very  luistcady,  some  particles  moving  up,  others 
down,  others  across,  f)ut  all  as  a  rule  having  a  general  motion  down- 
stream. 

The  accuracy  of  a  discliarge  measurement  also  depends  much  iijion 
the  physical  features  of  the  stream  at  the  discharge  section  or  |K)int 
of  mcjisurement.  When  possible,  this  section  should  be  on  a  straitrht 
reach  and  far  enough  from  a  bend  tx)  be  out  of  it«  influence,  the  U*i. 
should  be  permanent  and  not  stony,  and  the  slope  and  wetted  perini 
eter  such  that  at  high  and  low  stages  of  the  stream  the  velocity  in  ali 
parts  of  the  section  will  be  easily  measureable.  The  Imnks  should  In' 
sufficiently  high  not  to  be  overflowed  at  flood  stage,  and  the  set-tiiHi 
should  be  free  from  the  influence  of  milldams  and  bridge  piers.  In 
addition,  economy  requires  that  the  section  selected  be  e{isil3'  aece>>i- 
ble  from  a  niilwaj^  station  and  that  there  be  a  p(U*son  living  near  wbo 
will  read  the  elevation  of  the  water  surface  at  stated  times.  Seldom 
if  ever  are  all  of  these  conditions  even  approximately  satisfied.     S*x)ur 

a  Recent  Hydraulic  £xperimenLs:  Proc.  Inst.  Civ.  Eng.,  vol.  71,  p.  7. 
bJout.  Franklin  Inst.,  vol.  6*2,  p.  32.S. 
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of  ]>ed  in  some  cases  and  silting;  in  other  eases  give  much  trouble;  too 
great  a  velocity  at  high  stages  and  too  low  a  velocity  at  low  stages  to 
mejisure  with  accuracy  are  common  difficulties;  and  milldams  often 
give  trouble,  on  account  of  storage  and  irregular  discharge  through 
their  wheels;  so  that  the  hydrogmpher  must  make  the  most  of  the 
best  location  he  can  iind,  always  having  in  mind  the  desirable  and 
the  undesirable  qualities. 

Kapid  fluctuations  of  the  watcu-  surface  or  river  height  during 
measurement  and  the  condition  of  the  velocity-measuring  instrmnent 
are  other  factors  which  affect  the  accuracy  of  a  stream  measurement. 

A  great  many  discharge  meiusurements  of  natural  and  artificial 
channels  have  been  made  with  various  kinds  of  instruments  and  in 
various  ways.  The  earlier  ones  were  made  with  crude  instruments, 
and  in  some  cases  the  svu'face  velocity  only  was  observed,  the  mean 
velocity  being  computed  from  a  formula  which  we  now  know  is  not 
correct.  Very  little  appeal's  to  have  been  done  in  the  way  of  deter- 
mining the  degree  of  accuracy  of  the  measurements.  Even  when  the 
experimenter  has  used  two  or  more  instruments  to  measure  velocity, 
he  does  not  appear  to  have  made  simultaneous  measurements  with 
different  instruments,  or  employed  different  methods  with  the  same 
instruments,  in  order  to  test  the  accuracy  of  the  results. 

These  matters  are  all  discussed  in  detiiil  in  the  following  pages. 

MKTIIOI>S   OF  3IEASURINCi  VEr,OClTY. 

The  methods  that  have  been  used  for  measuring  velocity  may  l>e 
divided  into  two  general  classes — the  direct  and  indirect.  The  direct 
methods  include  all  ways  of  ascerttiining  the  velocit\^  of  water  from 
bodies  floating  in  it,  such  as  surface  floats,  float  rods,  double  floats, 
etc.  The  indirect  methods  include  measurements  with  the  current 
meter,  pressure  plates,  the  thermometer,  etc.,  by  which  the  velocity 
of  the  water  is  inferred  from  its  impact,  its  pressure,  or  its  tempera- 
ture. Measurements  by  the  direct  methods  are  simple,  refjuiring  only 
the  mejvsurement  of  the  time  that  it  takes  a  body  in  the  water  to  move 
over  a  certai  i  distance,  while  in  the  indirect  methods  the  constant  of 
the  instant  must  first  be  found  from  experiment.  The  latter  methods 
are,  however,  theoretically  better  than  the  former. 

By  the  direct  methods  the  mean  velocity  of  a  comparatively  few 
particles  of  water  is  found  for  the  time  required  for  the  float  to  move 
between  the  sections  of  observation — that  is,  the  float  is  acted  upon 
by  the  particles  about  it  during  the  time  it  is  passing  over  the  meas- 
ured distance.  It  is  carried  along  by  a  single  impulse  of  the  water, 
and  is  not  affected  by  the  succeeding  impulses,  which  may  be  greater 
or  le^s  than  the  impulse  which  moves  it.  Instruments  of  the  second 
class,  on  the  other  hand — as,  for  instance,  the  meter— measure  instan- 
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tancously  the  volooit}'  of  all  the  particles  that  strike  it  durintr  ih- 
observation.  If  there  were  no  pulsations  of  water,  and  if  the  jiariii  h- 
following  one  another  at  any  given  point  moved  with  uniform  veloi  ii}. 
then  the  direct  methods  might,  in  the  absence  of  wind,  give  £r"^» 
results;  but  since  all  moving  wat^r,  even  the  most  undisturl*c<1,  m- 
these  pulsations,  velocity  measurements  by  the  indirect  inothinKiin 
decidedlv  more  accurate  than  those  V)V  the  direct  methods.  One  iimi- 
urement  with  a  current  meter  is  worth  sev^eral  measurement^  ^lU 
floats. 

There  is  another  reason  win'  indirect  measurements  are  preforaM  * 
to  dire<*t  measurement'^^.  Since  in  the  latter  the  mean  velocity  is  fi»ui. 
over  a  certain  distance,  usually  from  50  to  200  feet,  it  is  necessary  :•• 
know  the  mean  area  over  that  distance,  and  this  requires  themea>ur> 
ment  of  many  cross  sections  between  the  upper  and  the  lower  seclix 
while  by  the  indirect  methods  the  measurement  of  onlj'  one  an-s  ^* 
required. 

DIRECT  METHODS. 
SUKFACK   FLOATS. 

Surface  floats  are  small,  light  bodies,  such  Jis  wood  or  wax.  wh 
float  on  the  surffice  of  the  water  and  can  readily  be  seen  fnnii  \ 
shore.      Measurement    by   this   means   is   rapid,   but    the    veltKriii- 
obtained  may  be  greatly  in  error,  due  to  the  action  of  wind  on  t  •• 
float.     At   best  it  only  indicates  the  velocity  for  a  short  time  *»f  :i 
comparativ^ely  few  particles  of  water,  and  the  mean  velwMty  must   * 
found  from  the  relation  l)etween  surface  velocity  and  mean  veKxii ^ . 
which  is  not  well  established.     The  time  consumed  bv  the  float>  i 
passing  over  a  measured  distance — usually  from  50  to  20<)  fet^t    ^* 
observed,  and  the  disbince  divided   l)y  the  observed  time  give>  *■■ 
surface  velocity  at  that  point  for  that  time. 

This  method  was  used  by  Dubuat  in  1779  in  gaging  the  Canal  : 
Jard,  in  France,  and  in  1782  in  gaging  the  Haine  River,  l^lgiuni:  .' 
Trechsel,  in  1825,  to  gage  the  Outer  Aar,  near  Thun;  b\'  WampH-  \ 
in  1867,  to  gage  the  Simme  Canal,  Switzerland;  by  Hariacher,  in  1^^^ 
to  gage  the  Elbe,  in  Bohemia  (at  high  water  only);  b}'  Ellet,  in  l'^-^ 
in  gaging  the  Ohio;  and  by  others. 

DOUBLE   FLOATS. 

The  doul)le  float  consists  of  a  light  surface  float  and  a  subsurfii" 
float  somewhat  heavier  than  water  connected  to  it  bv  a  coixi  or  a  >n.M 
rope.  The  office  of  tlie  upper  float  is  to  support  the  lower  float  :in  i 
indicate  its  position.  The  comiecting  cord  can  be  lengthened  at  vii! 
and  the  lower  float  be  phu'cd  at  any  desired  depth.  Fig.  1  sh6w>  iIh" 
double  float  used  bv  T.  (i.  Ellis  in  the  Connecticut  River  survfv  m 
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1874.  This  subsurface  float  was  a  hollow  annulus  of  tin  8^  inches 
high,  8i  inches  outside  diameter,  and  7i  inches  inside  diameter.  Two 
brass  wires  were  soldered  across  the  bottom  at  right  angles  to  each 
other,  to  which  was  attached  28  ounces  of  lead  as  a  sinker.  Two 
other  wires  were  soldered  at  right  angles  to  each  other  at  the  center, 
to  which  the  connecting  cord  was  attached.  The  surface  float  was  an 
ellipsoid  of  tin  6  inches  in  diameter  and  1^  inches  thick,  with  a  cork  in 
the  top  holding  a  small  flag  and  an  eye  in  the  bottom  for  the  connect- 
ing cord.     The  connecting  cord  had  a  diameter  of  0.036  inch. 

The  method  of  measuring  stream  flow  by  double  floats  as  used  by 
Humphreys  and  Abbot  in  gaging  the  Mississippi  River  in  18.51  and 
1858  is  substantially  as  follows:'*  A  suitable  place  was  selected  on  the 
river,  a  base  line  200  feet  long  was  measured  off  on  one  bank  parallel 
to  the  axis  of  the  current,  and  a  section  at  each  end  of  this  base  was 
marked  out  at  right  angles  to  it. 
The  time  consumed  b}'  each  float  in 
passing  between  these  sections  and 
the  position  of  each  float  when  it 
passed  them  were  noted  l)}^  four 
men,  two  at  each  end  of  the  base, 
each  party  having  a  stop  watch  and 
a  theodolite.  At  a  signal  from  the 
engineer  the  floats  were  placed  in 
the  river  from  a  boat  about  100  feet 
above  the  upper  section  and  were 
picked  up  by  a  man  in  a  boat  some 
distance  below  the  lower  section. 
At  the  instant  a  float  passed  the 
upper  section  a  signal  was  given, 
the  watches  were  started,  and  the 
angular  position  of  the  float  was 
read  with  both  theodolites.  The  instant  the  float  passed  the  lower 
section  a  signal  was  again  given,  the  watches  were  stopped,  and  the 
angular  position  of  the  float  was  again  read  with  both  theodolites. 
These  readings  gave  the  distance  of  the  float  from  the  base  line  w^hen 
it  passed  the  sections  and  two  independent  measurements  of  the  time 
consumed  by  it  in  passing  betwM^en  the  sections.  Soundings  were  taken 
at  the  end  sections  and  at  one  or  more  intermediate  sections,  from 
which  the  area  of  the  mean  section  was  computed. 

In  some  cases  where  tliis  method  has  been  used  the  base  was  300 
feet  long  and  the  time  of  run  of  the  floats  has  been  recorded  on  a 
chronogmph. 

This  method  has  its  advantages  and  its  disadvantages.  In  very 
deep  rivers,  such  as   the  Mississippi,  or  in  streams  carrying  weeds 


Fia.  1,— Double  fltwt  used  by  Ellis  In  Connec- 
ticut River  survey  in  1874. 


nReport  on  tlie  Mississippi  Kivcr.  by  lluinphrcyK  niul  Abbot,  i>.  224. 
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and  grass,  it  is  almost  the  only  available  method.  Humphreys  and 
Abbot,  in  their  report  on  the  Mississippi  River,  say:'*  "Saxton's  cur- 
rent meter  was  tried  but  found  to  be  unsuited  to  measurement£<  in  a 
river  of  such  great  depth  and  violence  of  current.  Only  double  floats 
were  found  to  give  reliable  results." 

In  regard  to  the  disadvantages,  D.  F.  Henry,  who  had  charge  of  the 
field  work  of  the  gaging  of  the  outlets  of  the  Great  Lakes  and  who 
has  used  this  and  other  methods  for  deep  rivers,  says:*  """Allthe 
objections  to  the  surface  float  apply  with  greater  force  to  the  double 
float,  and  additional  ones  peculiar  to  itself."  It  is  imix>ssib]e  to 
determine  the  exact  position  or  depth  of  the  lower  float.  Its  |x>sition 
is  determined  from  that  of  the  surface  float,  but  it  varies  with  the 
direction  and  velocity  of  the  wind  and  the  length  of  the  cord  connect- 
ing the  floats.  The  depth  of  the  float  is  determined  from  the  length 
of  the  connecting  cord,  but  on  account  of  the  upward  ''boiling'' 
motion  of  the  water,  and  also  the  pressure  of  the  water  on  a  long  con- 
necting cord,  the  depth  may  be  much  less  than  the  length  of  the  conL 
The  upper  float  may  drag  the  lower  one  or  be  dragged  by  it  At  lH'>t 
it  can  only  give  the  velocity  of  a  few  particles  for  a  short  space  of 
time. 

This  method  of  gaging  was  used  in  Mississippi  River  and  tributa- 
ries from  1857  to  1881.  Since  that  time  the  current  meter  has  liecn 
largely  used.  In  18(59  it  was  used  in  conjunction  with  the  curriMit 
meter  for  gaging  the  outlets  of  the  Great  Lakes.  It  was  also  used  by 
T.  G.  J^llis  in  1874  in  his  survey  of  the  Connecticut  Kivcr,  in  con- 
junction with  the  current  meter,  and  by  Gordon  in  1873  to  gage  the 
Irawadi  River.  For  comparisons  of  accuracy  of  this  method  witli 
others,  see  pages  48  to  52. 

FLOAT   RODS. 

Professor  Cabeo*^  was  the  first  to  use  the  float  rod  for  measuring 
velocity.  This  was  in  1G4(>.  The  rod  is  of  wood  or  tin,  from  1  to  :i 
inches  in  diameter,  weighted  at  the  lower  end  so  Jis  to  float  vertii-ally. 
Its  lower  end  should  nearly  touch  the  bottom  and  its  upjier  end  pro- 
ject a  few  inches  above  the  surface  of  the  water,  so  as  to  be  visible. 
The  method  of  using  float  rods  as  followed  by  the  writer  in  ItHiO  in 
the  New  York  State  canal  survey  is  as  follows:  Two  surveyors'*  1<H»- 
foot  chains  were  stretched  across  the  canal  from  10  to  30  feet  a]Kirt 
and  at  right  angles  to  the  axis  of  the  canal.  Fifteen  feet  alx>ve  the 
upper  chain  a  rope  was  stretched  across  the  canal,  and  to  thii^  a  Ixjat 
was  attached  by  pulleys,  so  that  a  man  in  the  boat  could  easily  move 
himself  back  and  forth  by  pulling  on  the  rope.     Another  rope  w^s 

« op.  oil.,  i».  22ft, 

bJoiir.  Franklin  Inst.,  vol.  62,  p.  167. 

oScc  Report  of  New  York  Barge  Canal,  1901,  p.  8G9. 
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stretched  .ucrus8  the  caiml  from  0  to  8  feet  l>clow  the  lower  chain  and 
a  boat  operated  from  it  in  a  similar  way.  The  floats  were  put  in  by 
the  man  in  the  up[)er  boat,  two  at  a  time  and  about  five  feet  apart,  and 
were  observed  by  him  until  they  passed  the  upper  chain,  when  he 
called  to  the  recorder  the  position  of  each.  As  they  passed  under  the 
lower  chain  the  man  in  the  lower  boat  called  out  their  position,  and 
when  they  reached  his  boat  he  took  them  out  of  the  water  and  brought 
them  to  the  shore.  An  observer  with  two  stop  watches  noted  the 
time  of  passage  of  each  pair  of  floats  between  the  chains.  A  short 
run  was  used  on  account  of  the  low  velocity  of  the  water. 

The  advantages  and  disadvantages  of  the  method  may  be  suunned 
up  briefly  as  follows: 

AdoantageH, — For  artificial  channels  of  moderate  and  uniform  depth 
and  with  floating  grass  and  weeds  this  is  probably  the  best  method  to 
use.  The  advantages  of  float  rods  as  given  by  Captain  Cunningham, 
who  has  used  them  to  a  largo  extent  in  his  gagings  of  the  Ganges 
Canal,  are  as  follows:*  (1)  They  interfere  less  with  the  natural  motion 
of  the  water;  (2)  they  measure  velocity  direct;  (3)  they  can  be  used  in 
a  stream  of  any  size;  (4)  they  are  not  affected  by  silt  and  weeds;  (5) 
they  measure  forward  velocity;  (G)  they  can  be  made  by  a  common 
workman;  and  (7)  they  are  cheap. 

DmidvimtO/ges. — ^he  rods  are  affected  to  some  extent  by  wind;  they 
do  not  give  mean  velocity,  but  velocity  of  impulses;  they  can  not  l>e 
used  in  deep  streams  or  in  streams  of  rough  or  irregular  Ixid,  and 
they  are  expensive  to  ojxiittte. 

Float  rods  have  been  used  by  Cunningham,  on  the  Ganges  Canal, 
in  1880;  by  Francis,  in  1852,  on  a  canal  at  IjowcH,  Mass. ;  by  Hulfon, 
on  the  Til>er  Kiver,  in  1821;  by  Krayenhotf,  on  the  Rhine,  in  1812; 
and  by  the  Mississippi  River  Commission,  on  the  Upper  Mississippi, 
in  1881. 

nX)AT  FRAME. 

Ilirn  used,  for  obtaining  velocity,  a  light  fmme  of  wood  which 
nearly  filled  the  cross  section  of  the  channel,  but  there  are  practical 
difficulties  in  the  way  of  the  use  of  this  instrument. 

INDIRECT  METHODS. 

The  following  instruments  and  methods  have  beev  used  at  one  tunc 
or  another  for  measuring  velocity  indirectly.  Several  of  them  are 
now  of  historical  interest  only. 

FLOAT   WHEEL. 

The  float  wheel  was  used  l)y  Borda  and  Dubuat  for  nieiusuring  sur- 
face velocities.  That  used  ])y  the  latter  was  2  fe(».t  in  diametcu*,  and 
recorded  the  revolutions  on  dials. 


bTrwc.  lust.  Civil  Kiig.,  vol.71,  p.  1. 
ijui  95—04 2 
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PRESSURE  TLATE. 

In  1779  Gaunthy  invented  the  pressure  plate,  which  coiisLsts  of  a 
disk  of  metal  opposed  to  the  pressure  of  water,  the  velocity  >)einjr 
computed  from  the  weight  necessary  to  keep  it  vertical.  The  ta4-h- 
ometer  used  by  Brunings  to  gage  the  Rhine  and  the  one  used  liy 
Racourt  in  his  gagings  of  the  Neva  were  made  on  this  prinoipk*. 
Captain  Boileau  also  used  a  pressure  plate  in  his  tachometer. 

BOX   WITH    HOLE    IN   SIDE. 

A  box  with  a  hole  in  the  side  was  used  bv  Gnindi  in  17*50  to  mea.'^ure 
velocity.  It  was  lowered  gi*adually  from  the  surface  to  the  bottom 
and  raised  again  at  the  same  rate,  the  velocity  being  inferred  from 
the  amount  of  water  in  the  box. 

HYDROMETRIO   TUBE. 

This  instrument  w}is  used  by  Captain  Boileau  in  1850.  It  i*<>nsistx< 
of  a  glass  tube  susi)ended  in  a  frame,  having  a  full-sized  o[>cniug  at 
one  end  and  a  small  opening  at  the  other  end.  The  tul>e  is  tilled  witb 
water  and  a  bubble  of  air,  and  is  placed  in  the  water  with  the  small 
end  upstream.  The  large  end  is  then  opened  and  the  time  required 
for  the  bubble  to  traverse  the  tube  is  noted.  From  this  time  and  tin* 
areas  of  the  ends  of  the  tube  the  velocity  is  computed. 

IIYDROMETRIC   PENDULUM. 

This  instrument  was  used  bv  Castelli  in  1028.  It  consists  of  a  ball 
suspended  from  the  center  of  a  graduated  arc.  The  velocity  is  com- 
puted from  the  weight  of  the  ball  and  the  angle  of  the  string  wheo 
the  water  impinges  on  it. 

THER]ttOMETER. 

Leslie  used  a  thermometer  for  measuring  velocit3\  The  principle 
of  this  method  is  that  the  temperature  of  water  in  motion  is  greater 
than  the  temperature  when  at  rest. 

PITOT   TUBE. 

This  instrument  was  invented  by  Pitot  in  1730.  Fig.  2  shows  it  a.^ 
improved  and  used  by  Darcy  and  Bazin."  It  consists  essentially  of 
two  tubes,  one  drawn  to  a  line  point  and  pointing  upstream^  the 
other  straight  and  with  an  opening  at  the  lower  end  the  size  of  the  tube. 
The  air  in  both  tubes  is  partly  exhausted,  so  that  the  water  columns 

aRecherches  hydmullquos,  cntreprlseB  par  M.  H.  Darcy  contlnu^es  par  M.  H.  Bazin.  Pmni^re 
partie  dc  Rechcri'hes  expi'Tlmentules  sur  r^coulcment  dv  I'eau  dans  lea  canaux  d^couverUi:  Kxtratt 
des  MOmoires  prc'^entos  par  divers  Havants  H  Tacad^mic  dos  scienoen  de  Institut  Impt^rial  de  FzaiMnc. 
Paris,  186d,  vol.  19,  pi.  xvii,  fig.  5. 


PITOT   TUBE. 


will  I'ist!  ki  a  convtriiiont  height. 
The  veltH-ily  is  found  from 
Uic  differtsni'i!  in  the  rc'adin^s 
of  thf!  wittor  <;uluiiin.>:.  Liko 
doatK,  this  is  an  impulse- 
iiicasiiring  instrument,  Imt  in 
Ufsing  it  both  nuixinmiu  und 
minimum  impulses  aro  ob- 
MPrvcd  and  a  uiciiii  is  found. 
Aftortheinstrmuciitisin  place 
and  the  stopt-ocks  R  and  I^  urc 
<)l)ened  one  of  the  olwervfrs  ap- 
plies his  mouth  to  the  tuiic  O^ 
t-cmovcs  the  nir  until  the  sur- 
face of  the  wati-r  in  the  tubes 
stands  at  a  convenient  height 
to  read,  and  then  closes  the 
upper  ccK-k  {R).  He  observes 
the  columns  until  they  roach 
»  maximum  height,  when  he 
rioses  the  cock  R'  and  reads 
the  surface  of  Iwth  columns; 
then  he  opens  the  cock  R  and 
olwerves  the  surface  of  Inith 
until  the  columns  roach  w  min- 
imum i>osition,  when  he  closes 
ciK'k  R'  and  wads  Iioth  sur- 
faces again.  He  now  has  a 
nmximum  and  a  minimum  read- 
ing of  each  column,  from  which 
he  nnikes  the  following  de- 
duction: If  a'  is  the  maximum 
reading  of  column  A,  and  V 
is  the  maxinumi  reading  of  col- 
uum  B,  and  a"  is  the  minimum 
reading  of  colunm  A,  and  i" 
'\A  the  minimum  reading  of 
column  li,  then  a'—h'—il',  the 
difference  for  the  maxinumi 
impulse,  and  a" — b"=<l",  the 
difference  for  the  minimum  im- 

pulse,  and  -  -^  -  is  the  mean 
difference  of  the  column  i-ead-_ 
ings    for    the    two    impulses. 
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Two  or  three  sets  of  these  readin«rs  are  taken  at  each  [K)int.     Then  if 

^ ,,  is  the  mean  of  the  values  of  these  column  differencos  {^  ff= 
d!-^d-'-\-     .     .     .     ),  the  velocity  at  that  point  is  given  l>y  the  formula 

V=<'^2</^[^^  c  Innng  the  coefficient  found  b}'  rating  and  y  the  swccl- 

eration  of  gravity.  The  velocity  can  very  quickly  l>c  found  by  one 
jK'customed  to  using  the  instrument.  The  accuracy  of  Fdepeiids  on 
that  of  c  and  of  s/^  d  the  greater  the  numl^er  of  ^^s  or  sets  of  observa- 
tions, the  more  nearly  acx-ui'ate  will  be  the  value  of  K 

CURRENT   METER. 

The  current  mct<;r  had  its  beginning  in  the  float  wheel  used  bv 
lk)rda  and  Dubuat  to  obtain  surface  velocities.  In  17SK)  Waltinan 
modified  this  wheel  so  that  it  could  lie  used  below  the  surface.  \\\> 
meter  had  helicoidal  blades  and  an  endless  screw  on  its  axis,  which 
by  gea-ring  into  a  tniin  of  wheels  caused  a  record  of  the  numlxT  vi 
revolutions  of  the  wheel  to  be  made  on  dials.  It  was  moved  up 
and  down  on  a  rod,  the  lower  end  of  which  wjus  driven  liniily  into 
the  I'iver  bed.  The  recording  appanitus  was  thrown  in  or  out  i»f 
action  by  a  pull  on  a  string.  It  was  necessary  to  lift  the  meter  to  tiu* 
surface  to  read  the  revolutions,  Avhich  was  a  great  drawlxick  to  its  us(\ 
as  was  also  the  fact  that  dirt  in  the  water  retarded  the  tmin  of  >vhecl<. 
LeiK)nt  sought  to  remove  these  diflicul ties  by  bringing  the  recording: 
apparatus  to  the  surface,  away  from  the  dirty  water  and  where  it 
could  be  read  without  lifting  the  meter.  He  did  this  by  introducing:! 
vertical  shaft  or  rod  with  iK'veled  gearing,  but  this  in<rre;ised  th*' 
friction  so  that  it  could  only  be  used  in  shallow  water.  I^iuuigarteii. 
Saxton,  and  others  following  moditied  its  form  somewhat,  but  did  not 
materially  improve  it.  Brewster  made  one  in  which  the  axis  of  tlie 
meter  was  a  long  screw  and  the  revolutions  were  given  by  the  di> 
tance  tlie>  wheel  traveled  along  this  screw.  The  friction  was  tlm> 
lessened,  l)ut  the  meter  had  to  be  stopped  before  the  wheel  tniveled  ili» 
whole  length  of  the  screw.  It  was  a  long  step  in  advance  that  wa.- 
taken  bj'  L).  F.  Henry  when  he  applied  an  electric  recording  devicv  tu 
the  meter,  for  l)y  it  the  difticidties  that  lA^jiont  and  others  vsought  t^ 
avoid  are  very  successfully  overcome,  the  friction  of  the  train  of 
recording  w  heels  l)eing  entirelv  done  awav  with.  If  a  recording  device 
is  used  it  is  worked  by  a  spring  and  not  by  the  meter,  and,  fuiiiior- 
more,  it  is  not  nt^cessary  to  lift  the  meter  to  the  surface  to  read  the 
number  of  revolutions,  whick  are  recorded  electrically,  or  may  1h' 
counted  fi'om  the  indications  of  a  buzzer.  The  electric  meter  jis  us^hI 
by  Henry  is  shown  in  lig.  lo,  page  85;  that  used  by  Moore  in  lig.  3. 


E  ELECTRIC  CURF 
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Mtttcra  in  hko  ftt  the  prenont  day  nmy  Iw  divided  into  two  claftses: 
(1)  Those  in  which  this  revolving  part  tumrt  atM>ut  a  liorizontal  axis, 
imd  (2)  those  in  which  it  revolves  iit>oiit  a  vertical  axis.  The  formor 
cliifis  is  illustrated  l)y  the  Iliiskoll  and  Fteley  meters,  shown  in  tiffs,  -t 
mid  .5,  respectively,  and  the  lattjir  class  l»y  the  Price  met^'r,  shown  in 
1*1.  I.     Meters  of  the  Intti^r  elass  have  some  advantaffos  over  those  of 


the  former  ckss:  First,  fricti()n  is  usually  loss,  since  it  nearly  nil 
t-oniea  on  one  point,  and  this  iwint  mn  bo  protected  from  the  action 
of  grit  in  the  wat^^r  and  from  jars;  and,  second,  for  a  piven  hifjh 
velocity  the  wheel  will  not  revolve  a.-s  nipidly  as  the  wlieel  of  a  meter 
of  the  first  class  under  the  same  conditions,  and  at  the  same  time  the 
wheel  will  sliirt  in  a  less  velocity  than  will  the  wheel  of  a  metrr  <)f 
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the  forint^r  cIash,  ho  that  both  low  and  high  velocitivs  <ran  be  mes^iur^ 
more  accurately  with  mot^TH  of  the  Hecond  vltms  than  with  those  of 
the  firat  claat).     For  example,  )iy  coinpuririg  tho  rating  table  of  IIhs- 


kell  meter  No.  S  on  page  SI  with  that  of  small  Price  met^r  No.  3tW 
on  pjige  i2,  we  find  that  the  former  reijuiren  a  velocity  of  aliout  O.i'i 
foot  per  second  to  start  it,  and  that  it  makes  6,5  revolutions  |wr  (*t- 
ond  in  waU'r  having*  volo<-ity  of 
7  feet  per  scf^'ond,  while  the  latttr 
requires  a  velocity  of  nlH>ut  o.(»i 
foot  jJe.r  second  to  sturt  it  ami 
makes  only  ^.*>2  revolutions  in 
water  having  a  velocity  of  7  feet 
|H!r  seaind.  A  rate  of  3  revolu- 
tions per  second  can  easily  I>e  re- 
<iorde(i  or  counted,  Imt  a  rate  of 
().5  revolutions  perseeond  can  m>i 
lie  counted  or  easily  recorded. 

The  disadvantages  of  the  ciirreni 
meter  are,  briefly,  as  follows:  (Ij 
it  can  not  lie  used  where  there  i- 
much  floating  gratis  or  wee<ti.  a- 
on  canals  where  the  weeds  are  cul 
and  allowed  to  float  in  the  water, 
float  ri>ds  l>eing  much  better  in 
such  cases;  (i)  it  reiiuires  mtii^ 
before  use  and  fre<]uently  tlierc 
after;  and  (}i)  it  must  l>e  used  wiili 
care.  These  last  two  condition-, 
however,  are  true  for  all  instni- 
nients  used  for  measuring  velo<il_v 
Kio.  B.-Fi<.i.y  cim,..,.  moUT.  indirectly. 

The  meter  that  ha.s  no  elect  rii-al 
device  for  indicating  to  tiie  observer  the  revolutions  in  a  given  lime, 
and  that  must  lie  lifted  out  of  the  water  to  read  the  revolutions  i- 
a  thing  of  the  past.  Too  nuich  time  is  lost  in  nutking  the  r«>3ulin<r-' 
The  acoustic  nn-ter  is  nut  a  suc.'ess;  the  clicks  are  not  sufficiently  UniJ 
to  be  heard  when  the  watci'  is  dce|»  uixl  tlie  place  noisy. 


MURPHY.]  SLOPK    FOfiMtJLA.  ,  23 

The  advantages  of  the  meter  are  as  follows:  (1)  It  gives  integrated 
or  mean  velocity  (any  kind  of  a  float  gives  the  velocity  of  a  compara- 
tively few  particles  at  some  stage  of  a  pulsation  of  the  water,  and  not 
mean  velocity);  and  (2)  it  can  be  used  on  streams  of  all  sizes. 

For  large  streams  the  choice  of  instruments  is  between  the  current 
meter  and  the  double  float,  and  the  meter  is  preferable  except  where 
a  large  amount  of  weeds  and  grass  is  carried  along  in  the  water.  For 
artificial  channels  the  choice  is  ])etween  the  meter  and  the  float  rod, 
and  the  meter  has  the  pref  erenc^e  except  where  there  is  a  considerable 
amount  of  floating  weeds,  and  possibly  for  very  slow  velocities  also, 
but  the  latter  is  still  in  doubt.  For  velocities  of  0.35  foot  per  second 
the  meter  w^ill  give  the  mean  velocity  as  accurately  and  more  rapidly 
than  the  rods,  and  at  less  cost,  for  at  least  four  persons  are  necessary 
w^ith  the  rod  method,  whereas  one  person,  or  at  most  two  persons, 
can  make  the  gaging  with  the  meter,  and  the  expense  of  moving  the 
equipment  from  place  to  place  is  much  greater  for  the  rods  than  for 
the  met€r. 

SLOPE    FORMIILA. 

The  velocity  of  a  stream  can  be  computed  from  measurements  of 
the  slope  of  the  surface,  the  dimensions  of  the  cross  section,  and  a 
knowledge  of  the  roughness  of  the  bottom  and  sides.  The  formula 
which  is  now  almost  universally  used  for  this  purpose  was  devised  by 
Kutter  in  1869"  and  is  as  follows: 


V= 


,^,,+hm^'^^'^'^ 


11,  s 


1+(41.H+. 00281)  71 


s/  lis 


•L 

In  this  f ormu la  V—  velocity,  in  feet  per  second ;  h — surface  slope =j^h 

being    the    fall    of    the    surface    in    the    disbince   /;   ^^hydi'aulic 

F  .  '  . 

radius  =-,  7*^  being  the  cross- sectional  area  and  w  the  wetted  perim- 
eter; and  n  a  ratio  whose  value  varies  from  0.001)  for  a  well-planed 
wooden  channel  to  0.085  for  a  channel  overgrown  with  weeds  or  cov- 
ered with  stones. 

This  formula  is  said  to  apply  to  streams  of  all  sizes,  from  creeks  and 
sewers  to  large  rivers  like  the  Mississippi,  its  constants  being  deter- 
mined from  Bazin's  gagings  of  small  channels,  from  Humphreys  and 
Abbot's  gagings  of  Mississippi  Kiver,  from  Cunningham's  gagings  of 
the  Ganges  Canal,  and  from  gagings  by  many  others. 

The  disadvantage  of  the  method  is  that  it  is  very  difiicult  to  measure 
accurately  the  surface  slope  (.s)  of  large  rivers.  T.  G.  Ellis  says* 
that  on  Connecticut  River  the  slope  of  parts  100  to  400  feet  long  was 

"GanKuIlIct.  K.,  and  Kntter,  W.  K.,  Flow  <^f  Water  in  Rivera  and  Other  Channels. 
&  Trans.  Am.  Soc.  Civ.  Eng.,  vol.  11,  p.  23. 
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very  carefull}-  measured  and  the  discharge  computed,  usin<^  the  lK*st 
mcKlern  slope  formulre.  The  discharge  found  from  these  formula? 
differed  by  50  to  250  per  cent  from  that  found  by  gaging.  He  thinks 
the  slope  is  so  uncertain  an  clement  that  slope  formulas  are  of  little 
value.  Captain  Cunningham,  after  an  examination  of  five  humh'ed 
slope  measurementiS  of  the  Ganges  Canal,  says:" ''It  [the  slope  of 
surface  measurement]  is  so  delicate  a  matter  that  the  result-s  are  of 
doubtful  use.  "  He  found  that  the  slope  was  very  different  at  different 
parts  of  a  reach  from  1  to  2  miles  long,  and  that  the  slope  at  opposite 
sides  differed  50  per  cent.  Ellet  says,  *  in  regard  to  the  slope  of  the 
Mississippi  River:  "  It  not  unf requentl}'  happens  that  while  the  msivi 
of  the  water  which  its  channel  bears  is  sweeping  to  the  Houih  at  a  spet\i 
of  four  or  five  miles  per  hour,  the  water  near  the  shore  is  running  to 
the  vfn'th  at  a  speed  of  one  or  two  miles  per  hour.  It  is  no  unusual 
thing  to  find  a  swift  current  and  a  corresponding  fall  on  one  shore 
toward  the  south,  and  on  the  opposite  shore  a  visible  current  and  an 
appnn^iable  slope  toward  the  north." 

Onl}'  in  very  rare  cases  is  it  advisable  to  use  this  method. 

MEASUREMENT  OF  SURFACE  PliUCTUA'tlONS. 

Kny  change  in  the  elevation  of  the  surface  of  a  stream  affecLs  the 
discharge  in  two  -ways:  The  cross- sectional  area  is  changed  and  as  a 
rule  the  velocity  also  is  changed.*^  It  is  necessar}^  therefore,  in 
accurate  work  to  measure  the  surface  fluctuations  with  great  care. 
Wave  action,  due  to  wind  or  other  causes,  should  be  eliminated. 

There  are  two  classes  of  instruments  in  use  at  the  present  time  for 
indicating  surface  elevations:  (1)  Self- registering  gages,  which  j^ive 
a  continuous  record  of  the  changes  in  surface  elevation;  and  (2)  a 
fixed  scale  from  which  the  elevation  of  the  surface  is  read  at  anv 
time,  or  a  moving  scale  with  a  fixed  index  from  which  the  elevation 
of  the  surface  is  read. 

The  United  States  Lake  Survej^  self -registering  water  gage,  shown 
in  Fig.  6,  is  a  good  illustration  of  instruments  of  the  first  class.  The 
center  pin  is  connected  to  a  float  on  the  surface  of  the  lake,  and  its 
motion  is  proportional  to  the  change  in  elevation  of  the  float.  This 
motion  is  traced  by  the  pen  on  a  sheet  of  paper  on  the  drum,  which  i< 
moved  at  a  uniform  rate  by  clockwork.  The  two  outer  pens  reooni 
the  time.  Fig.  7  is  a  reproduction  of  the  record  made  b}'  this  instru- 
ment on  Maj^  17,  1899.  The  elevation  of  the  surface  at  any  instant  is 
given  by  the  corresponding  ordinate  of  this  curve.     This  figure  illus- 

a.  Vroc.  InBt.  Civ.  Eng.,  Vol.  71,  p.  11. 

b  Humphreys  and  Abbot,  Report  on  the  Mississippi  River,  p.  218. 

c  On  some  Btrenms  there  are  places  where  the  mean  velocity  remains  nearly  constant  fors»cvi-niI 
feet  variation  in  st»\geof  river.  This  is  tnic  of  the  Verdigris  River  at  Liberty,  Kans.  See  NineUn-nih 
Ann.  Kept.  U.  S.  Gwl.  Sun'cy,  pt.  4,  1899,  p.  374. 
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trates  the  need  of  an  lu't-uiiitc  rotonl  of  the  chiiiigo  i.i  «ta{jo,  for  it 
kIiowm  a  chungc  of  siirfm-o  clovntion  of  2.5  feet  in  one  and  five-tenths 
hours. 

The  hook  {jii^e,  shown  in  fijj.  S,  is  a  jjood  ilUistiiition  of  iv  gage  of 
the  se(rond  cIjins.     The  frame  is  fn-nti-ncd  iirnily  t«  a  jKist  in  the  water, 


Fi'i.  fi.— Seir-rCBlslciliiK  wBlFrBnKCiiscrt  liy  I'niUif  SIMM  L«lrc  Survey, 

and  the  elevation  of  the  zoi-o  i-ejiding  is  determined.  By  Inrning  the 
niillod  nut  the  hook  is  nii-sed  until  its  point  comes  to  the  surfaee  of 
tJie  water.  This  can  he  done  very  aocumtely  in  still  water,  liy  means 
of  the  little  spot  of  light  on  the  jmint  of  the  hook.  The  seule  is  thon 
read,  and  from  it  the  surfaee  elevation  is  found. 


The  water  gage  used  by  the  United  States  lioard  of  Kngineers  on 
Deep  Waterways  in  ls:t7-98,  on  Niagara  River  at  Buffalo,  N.  Y.,  was 
of  the  hox-witli-fl«Mit  type.     The  hox  was  of  womi,  7  inches  hiwh,  7 


26  ACCURACY   OF   STREAM   MEARURKMKNTS.  I>"  » 

inohes  wi<le,  and  7  feet  long,  with  n  closed   l)o(tom  und.  a  removalile 

cover.     The  box  was  fn^tvned  firmly  in  the  water,  with  half  its  length 

t)clow  tho  surface.     Water  waa  admitted  through  one  or  more  of  three 

i-inch  holes,  allowinff  the  float  to  change  its  elevation  as  the  river 

stage  changed  and  at  the  same  time  eliminating  the  effect 

of  waves.     The  tloat  was  a  ^-i|uart  bottle  with  a  7-foot 

staff,  marked  to  feet,  tenths,  and   hundredths,  wedged 

into  it.     This  staff  extended  up  through  the  cover,  and 

was  marked  ho  as  to  give  the  rise  of  the  water  surface 

above  ft  (certain  piano  sis  read  at  the  cover  of  the  box. 

verticaTj  velocity  curves. 

The  relation  between  velocity  and  depth  in  a  vertU-al 
section  of  a  stream  parallel  to  tho  thread  of  the  current, 
or  the  vertical  velocity  curve  in  very  desirable.  From 
such  a  curve  the  ratio  of  velocity  at  any  depth  to  mean 
velocity  can  ejisily  be  found  and  the  discharge  be  com- 
puted from  olwervations  at  one  depth  only  in  verticaU. 
Much  effort  has  been  expended  in  investigating  thiti 
relation  and  the  change  in  it  for  change  in  river  stage. 
As  might  bo  expected,  the  results  of  experiments  in  thi-; 
direction  do  not  agree.  Each  investigator  adopts  a  new 
form  of  <-urveto  fit  his  ohservations.  In  1791  Waltman 
mmlc  some  oiwervations  on  the  Rhine,  from  which  he 
concluded  that  the  vertical  velocity  curve  h  a  i-evcrstHi 
iwraliola  with  its  vertex  below  the  bed  of  tho  river.  In 
l^'JO  Do  Fontaine  found  tho  greatest  velot-ity  of  the 
Rhine  to  Ih'.  at  the  surface.  He  states  that  two  inclined 
right  lines  intersecting  alwut  mid  depth  satisfy  hi-' 
vertical-curve  oiwcrvations.  In  1824^182ti  Itacuurt 
tniule  4»bservations  on  Neva  River,  from  which  he  tim- 
<-ludeiI  that  this  curve  is  an  ellipse  whose  minor  axi-i 
is  a  little  below  the  surfatT,.  Funk  adopt^^d  a  U>gM- 
rithnii<;  curve  for  his  oliservations  on  the  Wcser  in 
isao.  In  1S44  Koileau  found  this  curve  for  a  small 
canal  to  1m!  a  paralxjla  with  its  axis  near  the  siirfatv. 
Darcy  and  IW.iii  found  it  to  Ihj  a  revei-sed  panilMii:i 
for  their  experiment  canal,  tho  perimeter  changing  witli 
for'^~ni™Vii^t»K  tim  chaiiicter  of  the  bed.  For  Missi.ssippi  KivoT-, 
sitrttuv  fliirimi  Humphi'cys  and  Abbot  fouud  it  to  boa  iwrabola  wh<w 
""■  axis  is  three-tenths  depth  below  the  surface.      Henri- 

found  it  to  Iw  an  ellipse  for  St,  Clair  Kiver,  while  Biuiingartcn 
says  that  no  simple  curve  will  lit  the  observations  in  a  vertical. 
From  tho  results  of   these  investigations  and   others  that   might  !»' 
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mentioned  it  appears  that  the  shaj^e  of  the  verti(!al  velocity  curve 
depends  much  on  local  conditions,  such  as  roughness  of  bed,  slope,  ratio 
of  depth  to  width,  wind,  obstructions,  etc.  Two  facts  must  be  borne 
in  mind,  however:  (1)  All  the  vortical-velocity-curve  observations 
obtained  with  a  single  meter  will  not  when  plotted  fall  on  any  one 
line,  but  the  results  will  bo  scattered  more  or  less,  and  it  will  be 
possible  to  pass  a  number  of  curves  among  them,  one  satisfying  the 
observations  about  as  well  as  another;  and  (2)  there  is  some  part  of 
each  of  the  curv^es  mentioned  which  if  placed  by  the  side  of  some  part 
of  another  curve  will  coincide  with  it  closely;  so  that  it  is  quite  possi- 
ble for  any  or  all  of  these  curves  to  fit  more  or  less  closely  a  set  of 
imperfect  vertical-velocity-curve  observations. 

There  are  two  methods  of  obtaining  vertie^il  velocity  curves  with 
current  meters:  (1)  The  single-meter  method,  and  (2)  the  multiple- 
metrr  method.  In  the  former  a  meter  is  held  at  as  many  points  in  a 
vertical  as  desired — at  each  tenth  of  the  depth,  for  example — for  a 
time  sufficiently  long  to  eliminate  the  effect  of  pulsations.  This 
requires  one  or  more  hours  to  a  veitical,  during  which  time  a  perma- 
nent clumge  may  occur  in  the  mean  velocity.  In  the  latter  method, 
however,  this  difficulty  is  overcome,  for  enough  metcvrs  are  used  simul- 
taneously to  give  the  whole  curve  in  one  operation. 

In  the  vertical- velocitv-curve  work  on  St.  Clair  River,  under  the 
direction  of  E.  E.  Haskell,  United  Stiites  assistant  engineer,  eleven 
meters  were  used  at  a  time.  These  were  fastened  })etween  two  edibles, 
which  were  attached  to  a  2()0-pound  sinker  at  the  lower  end  and  to  a 
drum  at  the  upper  end,  and  opeimted  from  a  catamaran.  The  lower 
meter  was  1.75  feet  above  the  bottom;  the  other  ten  were  placed  at  each 
tenth  of  the  depth.  Each  meter  was*  connected  with  an  electric  reg- 
ister, and  by  means  of  a  switch  all  of  the  circuits  could  be  opened  in 
one  operation.  The  observer,  with  a  stop  watch  in  one  hand  and  the 
switcli  handle  in  the  other,  started  the  watch  and  at  a  given  instant 
<*losed  all  of  the  circuits  through  the  meters  and  registers.  At  the 
end  of  the  observation  he  stopped  the  watch  and  opened  the  circuits 
at  the  same  insbmt.  One  observation  of  six  hundred  seconds  was 
iimde  with  the  meters  armnged  as  described,  and  from  one  to  ten 
others  of  one  hundred  seconds  each  with  the  meters  arranged  in  other 
ways  in  eacli  vertical. 

There  should  be  some  criterion  for  the  rejection  of  doubtful  obser- 
vations and  the  grouping  of  vertical  velocity  curves.     The  following 
tjible  gives  the  position  of  the  vertex  of  sixty-nine  vertical  velocity 
<-urves  ()))tained  on  Mississippi  liiver  by  Humphreys  and  Abbot,  and- 
illustrates  this  need. 
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Table  shomng  pottition  oj  reriex  of  vertical  reU*ciLy  curtrn  obtained  on  Miisigsippi  Jiirrr. 


First  series. 

Second 

series. 

Tdtal. 

Depth. 

Numl>er 

of 
verticals. 

12 

11 

5 

3 

Number 

of 

floaUs. 

Number 

of 
verticals. 

8 
1 

Number 

of 

floats. 

Numtwr 

of 
verticaLs. 

Niimher 

of 

floats. 

Surface 

63 
46 
33 
20 

17 
2 

20 
12 
5 
5 
4 
3 
6 
C 
6 
2 

1 

^ 

One-tenth 

4^ 

Two-tenths 

S> 

Three-tenths 

1 
4 
1 

1 

6 

G 
2 

3 
9 
3 
3 
l.« 
15 
5 

25 

Four-tenths 

9 

Fi  ve-tenl!is 

2 

•22 
30 

» 

Six-tenths 

:S 

Seven-tenths 

> 

EiKht-tenths 

»S 

N  Ino-teuths 

5. 

Bottom 

1 

8 

^ 

Slim 

:w 

222 

34) 

if. 

139 

•J3T 

The  vortex  of  M  per  cent  of  the  curves  in  the  foregoing  table  is  at 
or  ]>elow  mid  depth  of  the  river.  Using  all  of  them  the  vertex  is 
threc-t/enths  depth  l)elow  the  surface.  This  combination  of  curves  so 
dissimilar  is,  to  sa}'  the  least,  very  questionable.  Those  in  which  the 
vertex  is  at  or  below  seven-tenths  depth  should  be  rejected,  or  at  legist 
not  com])ined  with  the  others,  for  they  are  due  either  to  errors  or  to 
abnormal  conditions,  and  should  not  ))c  used  in  deriving  a  general  law. 

Vertical  velocity'  curves  obtained  in  different  parts  of  the  dischar<,n» 
section  for  different  depths  are  frequently  combined  by  combininjr 
the  velocities  at  each  tentii  of  the  depth.  This  assumes  that  the 
curves  are  similar  in  all  parts  of  the  discharge  section,  which  is  not 
true  except  in  mre  cases. 

There  is  very  little  available  data  on  the  change  in  the  vertical 
velocit}^  curve  with  change  of  river  stjige.  In  the  data  on  this  point 
that  have  come  to  the  writ^^-'s  observation  the  change  in  stage  is 
small  and  the  inference  to  be  drawn  not  conclusive.  The  eflfect  of 
roughness  of  bed  decn^asos,  while  that  of  slope  and  hydi-aulic  radii^ 
increases  with  increase  of  stage.  T'he  effect  of  these  on  the  sha|)e  of 
the  curve  can  only  be  determined  by  careful  measurements  in  which 
there  is  a  wide  range  of  stage. 

PUr.SATIC>N  OP  3I(>VIXG  WATER. 

Attention  has  ahead}'  been  called  to  the  fact  that  one  of  the  reason^ 
for  the  difficulty  in  mejxsuring  accurately  the  velocity  of  water  is  that  tlie 
velocit}'  at  any  given  point  in  a  stream  is  constantly  changing.  This 
is  true  of  l)oth  natunil  and  artificial  channels  of  all  sizes.  Capfciin 
Cunningham,  who  observed  this  pulsation  of  moving  water  in  hi-* 
experiments  on  the  (langes  Canal,  of  India,  states  that  he  consider* 
fift}'  repetitions  with  float  rods  necessaiy  in  order  to  get  a  good  aver 
age  value  of  the  velocity  in  one  vertical  of  a  canal."  tl.  B.  Franei-^ 
has  miule  numerous  measurements  of  the  velocitv  with  float  rtxls  in 
a  rectangular  wooden  flmne  at  Lowell,  Mass.,  every  precaution  U»injr 

aproc.  In«<t.  Civ.  Kiij^..  vol.  71,  p.  8. 
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taken  to  have  the  usual  causes  of  irre^^ularity  of  motion  suppressed. 
The  time  of  run  was  obtained  by  the  use  of  an  electric  teh»*^raph  and 
a  chronograph,  and  the  depth  was  very  carefully  measured  with  a 
hook  gage,  and  yet  he  found  that  the  velocity  shown  by  these  floats 
varied  from  8.57  per  cent  above  the  mean  to  11.4  per  cent  below  it. 
lie  says:  "  Similar  and  probably  greater  variations  occur  in  different 
parts  of  the  depth  from  the  same  cause.""  Adam  Baum  has  made 
some  observations  on  the  variation  of  velocity  in  the  Rhine  near  the 
Bridge  of  Constance.*  He  fixed  a  current  meter  in  the  river  and 
noted  the  time  of  each  100  revolutions  of  the  meter  wheel  for  a  period 
of  two  houra.  The  results  show  a  continual  change  in  the  velocity 
for  a  constant  depth  of  water.  He  concludes  that  for  an  accurate 
measurement  of  velocity  it  is  necessary  to  extend  the  observations 
over  a  period  of  one  hour  at  each  point. 

Professor  Unwin  has  made  some  observations  with  a  current  meter 
on  the  variation  in  velocity  in  the  river  Thames.  *^  He  noted  the  time 
of  each  100  revolutions,  and  upon  plotting  the  time  and  the  revolu- 
tions found  that  they  gave  a  very  irregular  curve.  The  mean  of  each 
500  revolutions,  however,  when  plottt^d  with  the  corresponding  time 
gave  a  rather  regular  curve.  The  following  are  some  of  the  results 
of  Professor  Unwin's  obsei*\^ations: 

Variation  in  velocity  at  three  jtoints  oj  a  vtrticul  of  ThamtH  River  aji  found  by  L-nvin, 


At  ^  me- 

AtG me- 

At 0.5  meter  depth: 

ters  depth; 

ters  depth; 

Vttriuti«>n  ^  ^ ""   _ 

')••• 

velocity  found  from— 

velocity 

velo<"Uy 

\    v^ 

found 

found 

-  -. 



from  100 

from  100 

100  revolu- 

500 revolu- 

revolu- 

revolu- 

At  0.5  me- 

At 3  me- 

At 6  me- 

tions.' 

tions. 

tions. 
Ml  t.  jH'i'  mcc. 

tion«. 

ter  depth. 
Pir  cad. 

ters  depth. 
Per  end. 

ters  depth. 
Pt  r  aid. 

Met.  per  MX. 

Mti..  IKT  ^c. 

.Met.  per  w  c. 

J.W)U 

l.J<77 

l.Hfil 

1.111 

-1.8 

+6.6 

-  3.6 

1.  U12 

I.S4G 

2.  OIJO 

i.otjy 

~3. 0 

-1.9 

+  0.3 

l.ftS7 

i.8.ir» 

l.»>42 

0. 977 

-6.0 

+2.6 

f  8.9 

l.iM-2 

1.816 

2.030 

I.ISO 

-5J.G 

-1.9 

-10.1 

l.Wl 

1.S32 

2.o:k) 

i.cm 

iO.7 

1.9 

+  2.6 

l.WI 

1.S32 

2. 0<i0 

0. 937 

-fO.7 

-3. 1 

M2.C 

1.W7 

1.823 

i.yoo 

1.021 

-0.7 

+  4.2 

+  4.8 

l.Wl 

1. 7S7 

i.9oy 

o.yyjj 

+  0.7 

+  1.2 

+  7.0 

l.Siil 

1.80U 

1.  Wil 

0.977 

fO.7 

+  6.7 

+  8.9 

i..s<;i 

I.7.S7 

2.  IKiO 

1.091 

+0.7 

1.9 

-  2.1 

1.942 

1.8«;i 

2. 125 

0.9(K) 

-3.G 

-6.7 

+  1G.1 

1.7<iO 

1.X23 

2.  o;{o 

i.mM 

4 »;.  1 

-1.9 

-  2.1 

i..s:n 

2.  oh; 

1.0-Jl 

+2.4 

-4.7 

+  4.7 

1.71i) 
1.  »I2 

l.yjl 

2.  OW'i 

i.yo9 

I.I.SO 
1.079 
1.472 

-f  S.  3 

-3.6 

+  2.4 

0.0 
-  1.7 
+4.2 

-10.1 

-  0.7 

37.4 

1.875 

l.WU 

1.0?2 

_-._-. 

« 

a  K=  velocity;  Kb,  =  mean  velocity. 


It  is  seen  that  during  the  period  required  for  the  meter  to  make 
1,600  revolutions  the  greatest  variations  from  the  mean  velocity  at 
0.5  meter  depth  are  +8.3  per  cent  and  —  (>  per  cent  and  at  6  meters 
depth  +16.1  per  cent  and  —37.4  per  cent.     The  greatest  difference  in 
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velocity,  aa  shown  by  two  consecutive  100- revolution  periodic,  is  1^ 
per  cent  at  0.5  meter  depth  and  36.7  per  cent  at  0  meters  depth.  A 
velocity  mea.suremcut  of  100  revolutions  0.5  meter  l>elow  the  surface 
may  be  in  error  8  per  cent  and  one  6  metei's  below  may  be  in  error 
37  per  cent. 

1).  F.  Henry^'  has  observed  this  fluctuation  in  velocity  at  a  g'iven 
point  in  largo  and  in  small  streams.  He  says:  '"The  lesser  flui-t na- 
tions have  a  duration  of  30  to  60  seconds  and  the  larger  one«  from  .'» 
to  10  minutes.  They  do  not  seem  to  ])e  synchronous  with  the  surface 
fluctuations,  and  are  smaller  at  the  surface  than  at  the  bottom." 

Ilarlacher''  found  the  velocity  near  the  surface  of  the  Rhine  to  varv 
20  per  cent  in  a  few  seconds,  and  near  the  bottom  he  fouiul  it  lu 
vary  50  per  cent  in  the  same  period. 

Marr's  sinudtaneous  observations  of  velocity  in  the  Mississippi 
River  at  Burlington,  lowa,*^  with  Ave  current  met<3rs  are  descrilKnl  ou 
pages  4J>,  50.  The  following  table  gives  the  velocity,  as  shown  by  two 
of  his  current  meters,  one  near  the  surface  and  the  other  near  the 
bottom,  for  consecutive  periods  of  one  minute  each.  The  depth  in 
the  first  section  is  11  feet,  in  the  second  section  27.6  feet,  the  uietor 
being  -1  fcn^t  a))ove  the  bottom: 

]'an<Ukm  in  velovitij  per  minute  in  MMsh'ippi  River  at  Bnrlingtoii,  lotrti. 


SimultHTiooiiH  (►b.siTvatioiis  in  tsoetioii  No.  1. 

'    SimulianeouB  obHorvations  in  .^ivtion  N«>.  j. 

Velocity 

Varia- 

Velocity 

Varia- 

Velocity 

Varia- 

Vclocitv 

Vuria- 

1  foot  bf- 

tion 

9.1  feet  Ix'- 

tion 

3.6  feet  Ix'- 

tii>n. 

23.6  fet?l 

ti<»n 

l«)\v  sur- 

V    l-.„.    ^ 
Per  cent. 

low  Hur- 

Per  cent. 

low  sur- 

(-'":-' )• 

below  lair- 

('■v'> 

face  (  T). 

face(r„). 
Ft.  pfr  sec. 

face  (  T). 
1  Ft.  per  »tc. 

face  {  r«). 

Ft.  iter  84r. 

Per  cent. 

Ft.  per  «T. 

/Yr  etut. 

2. 242 

+2.0 

1. 724 

0.0 

'          2. 286 

+4.8 

1.966 

+  2.4 

2.267 

+0.9 

1.675 

+  2.9 

2.353 

+  1.3 

1.817 

-   9.H 

2. 252 

+  1.1 

1.761 

-  2.2 

2.437 

-2.3 

1.985 

+    1.5 

2. 236 

+2.2 

1.744 

-  1.2 

2.300 

+3.5 

2,008 

-  0.8 

2.267 

+0.9 

1.797 

-  4.8 

2.404 

-0.9 

2.065 

-  2  5 

2.299 

-  0.5 

1.766 

2.4 

2.378 

+0.2 

2.119 

-  .V2 

2.289 

0.0 

1.772 

-  2.8 

2.414 

-1.3 

1.92C 

+   4-4 

2.274 

-fO.6 

1.819 

-  5.5 

2.392 

-0.4 

2.008 

+  0.3 

2.211 

+3.3 

1.712 

+  0.7 

2.313 

+  3.0 

1.983 

+    1..^ 

2.224 

-12.8 

l.f>l4 

+  4.7 

2.296 

+3.8 

2.081 

-  3.3 

2.280 

+0.3 

1.698 

+  1.5 

2.383 

0.0 

2.104 

-  i.b 

2. 239 

+2.1 

1.915 

-  11.1 

2.397 

-0.6 

2.276 

-ia.3 

2. 280 

+0.3 

1.670 

+  3.1 

2.420 

-1.6 

2.092 

-  a.9 

2.289 

0.0 

1.775 

-    3.1 

2.361 

+0.9 

2.008 

+  0-3 

2.321 

-1.5 

1.582 

+  8.3 

2.278 

+4.4 

2.047 

-  1.6 

2.420 

-6.0 

l.WM 

+  3.5 

2.445 

-2,6 

1.8-18 

+-  H.3 

2.445 

--6.9 

1.741 

-  1.0 

:          2. 459 

-3.2 

2.024 

-   1.0 

2.308 

-0.9 

1.717 

+  0.5 

2.4-28 

-1.9 

2.070 

-  -2.8 

2.333 

-2.0 

1.800 

-  4.4 

2.45(> 

-3.1 

1.796 

+  10.  S 

2.264 

+1.0 

1.69:> 

+  1.7 

2.460 

-3.2 

2.055 

-  2.4 

2. 327 

-1.3 
-1.0 
-0.8 
-  1.0 
+0.4 
+  0.6 
-0.2 
+0.7 
-1.5 
+1.1 
+3.6 
+0.3 

1.812 
1.6.S9 
1.792 
1. 627 
1.564 
1.678 
1.731 
1.704 
1.698 
1.723 
1.757 
1.743 

-  5.1 
+   2.0 

-  4.0 
+  5.7 
+  9.9 
+  2.7 

-  0.4 
+  1.1 
+  1.5 

0.0 

-  1.9 

-  1.1 

2.311 

2. 305 

1 

* 

2.311 

! 

2. 277 

1 

2. 274 

1                                                                                                                                                                                  '       ■ 

2. 292 

1 1 

2.271 

2.321 

, 1 

2. 261 

1 

. 

2.217 

1                                                                                                  ■ 

2.280 

'          •                                                               -  •  -  • 

2.287 

1. 724 

2.383 

2.014 

1 

a  Jour.  Franklin  In.st..  vol.  62,  p.  323. 
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It  is  seen  that  in  the  first  section  the  greatest  departures  of  velocity 
from  the  mean  are  +^'^>  p^i'  cent  and  —6.9  per  cent  at  1  foot  l)elow 
the  surface,  and  +9.9  per  cent  and  —11.1  per  cent  at  9.1  feet  below 
the  surface,  or  2  feet  above  the  bottom.  The  greatest  difference  in 
velocity  obtained  from  two  consecutive  1-minute  periods  is  6  per  cent 
at  1  foot  below  the  surface  and  12.5  per  cent  at  9.1  feet  below  the 
surface,  or  2  feet  above  the  bottom.  In  the  second  section  the  grciitest 
departures  of  velocities  from  the  mean  are  +4.8  per  cent  and  —3.2 
per  cent  at  3.6  feet  below  the  surface,  and  +10.8  per  cent  and  —13.3 
per  cent  at  23.6  feet  below  the  surface,  or  4  feet  above  the  bottom. 
The  greatest  difference  in  velocity  o])tained  from  two  consecutive 
1-minute  periods  is  7  per  cent  at  3.6  feet  below  the  surface  and  13.6 
per  cent  at  4  feet  above  the  botton).  In  the  first  section  a  velocity 
measurement  near  the  surface  may  be  in  error  7  per  cent  and  a  meas- 
urement 2  feet  above  the  bottom  may  be  in  error  11  per  cent.  In 
the  second  section  a  velocity  measurement  3.6  feet  below  the  surface 
may  be  in  error  4.8  per  cent  and  a  measurement  4  feet  above  the 
Ijottom  in  error  13.3  per  cent. 

In  1899,  while  measuring  the  discharge  of  the  St.  Clair  River,  Mr. 
L.  C.  Sabin,  assistant  engineer,  made  some  experiments  to  determine 
the  pulsations  or  fluctuations  in  the  velocity  of  the  river  at  the  dis- 
charge station.  Four  meters  were  used,  placed  50  feet  apart  and  at 
the  same  depth.  In  the  first  series  of  observations  the  meters  were  in 
a  line  across  the  river  and  at  right  angles  to  the  current;  in  the  second 
series  they  were  in  a  line  with  the  axis  of  the  current.  Simultaneous 
readings  of  the  four  meters  were  taken  every  fifteen  seconds  for  sev- 
eral periods  of  ten  minutes  each.  The  results  were  plotted,  using  time 
as  abscissae  and  velocity  as  ordinates,  and  a  curve  drawn  for  each 
meter,  showing  the  fluctuations  in  velocity  in  ea<;h  fifteen  seconds  of 
time  at  four  points  50  feet  apart.  These  curves  have  two  sets  of  waves — 
small  ones  of  fifteen  to  sixty  seconds  amplitude  and  larger  ones  of  three 
to  six  or  more  minutes  amplitude.  The  range  of  velocity  as  found  from 
the  large  waves  is  in  some  cases  35  per  cent  of  the  mean  velocity  shown 
by  the  meter  for  t^m  minutes.  The  curves  for  two  adjacent  meters  are 
at  times  nearly  parallel,  but  they  soon  diverge  and  cross  each  other 
occasionally.  The  curves  for  the  meters  in  a  line  with  the  axis  of  the 
river  resemble  one  another  more  closely  and  are  more  nearly  parallel 
than  those  of  the  meters  in  a  line  across  the  river.  These  experiments 
indicate  that  the  pulsations  are  very  limited  in  extent  in  a  direction  at 
right  angles  to  the  current,  but  that  they  can  be  traced  for  some  dis- 
tance in  the  direction  of  the  thread  of  the  current.  The  whole  depth 
of  the  river  is  aflfected  by  them,  and  their  effect  decreases  from  the 
bottom  toward  the  surface. 

The  practical  lesson  to  be  di-awn  from  the  experiments  by  Sabin 
and  others  is  that  velocit}^  observations  of  short  dui-atiou  are  of  little 
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value  unless  they  are  numerous  and  well  distributed  over  the  dis<^har«,t^ 
area.  In  order  to  eliminate  the  effect  of  the  pulsations,  each  oliscna- 
tion  should  extend  over  a  period  of  from  six  to  ten  minutes.  Lonj: 
single  observations  and  rapid  fluctuations  of  water-surface  elevation 
require  that  discharge  be  found  from  single  observations  in  compara- 
tively few  verticals,  and  that  the  ratio  of  velocity  at  this  depth  tu 
mean  velocity  be  known  from  vertical  velocity  curves.  This  empha- 
sizes the  need  of  a  thorough  investigation  of  the  relation  betwiM-n 
velocity  and  depth  in  a  vertical- longitudinal  plane  and  the  change  in 
this  relation  with  change  of  river  stage. 

METHODS  OF  MEASURING  AND  COMPUTING  STRE^IM  FXAIW. 

WEIRS. 

The  discharge  of  a  stream  can  be  obtained  b}'  causing  it  to  flow 
over  a  weir  or  dam,  the  coefficient  of  which  is  known,  by  the  sul>sti- 
tution  of  observed  data  in  a  weir  formula.  Three  sharp-cre^teti  ur 
standard  weir  formulae  are  in  use,  viz,  Francis's,  Fteley  and  Stearns's, 
and  Bazin's.  Thev  differ  nmch  in  form,  and  each  is  derived  from 
experiments  on  small  weirs  with  low  heads.  A  brief  discussion  of 
each  fonnula  is  liere  given  because  of  its  bearing  on  the  accuracy  of 
discharge  measurements.  Bazin  has  determined  the  values  of  tlio 
coefficient  of  discharge  over  weirs  of  many  other  shai>es  of  crest,  ami 
the  Cornell  Univei-sity  exj>eriments  of  the  Board  of  Engineers  on 
Deep  Waterways  have  extended  the  values  of  the  coefficients  of  a 
few  of  these  to  the  higher  heads.  Time  and  space,  however,  wilt  not 
permit  more  than  the  mention  of  them  here.'* 

The  weir  is  the  most  accurate  method  of  measuring  discharge  yet 
used  for  small  streams  if  the  coefficient  of  the  weir  l>e  aceiiratclv 
known.  The  head  on  the  weir  and  the  velocity  of  ajiproach  arc  tla* 
only  variables,  and  these  can  easily  and  accurately  ])e  measured.  T1k» 
disadvanUigcs  are  (1)  the  cost  of  constructing  a  weir,  or  the  difficulty 
of  finding  one  in  use  whose  shape  closely  reseml)les  one  w^hose  c<H'tK- 
cient  is  known,  and  ('2)  the  limited  range  of  values'"  of  the  coi*fficient  of 
a  weir  of  any  shape  and  the  limited  nimiber  of  shapes  that  have  Ikmii 
investigated. 

FIIANCIS'S   KXrERIMENTS   AND   FORMULA. 

In  isr>2  J.  B.  Francis  made  numerous  very  careful  measurement's  of 
the  volume  of  water  passing  over  small  weirs  and  the  corre.s[K>ndiiis: 
heads  at  Lowell,  Mass.*  Ilis  measuring  tiink  was  a  canal  loi'k  wliiiii 
had  a  capiuiit}'  of  12,188  cubic  feet  for  a  depth  of  9.5  feet;  the  greatt-^i 
length  of  crest  was  10  feet;  the  head  on  the  weir  varied  from  5  to  li* 
inches,  and  was  measured  with  two  hook  gages  0  f  oet  upstream  f  n>ni 

«  A  di.HfUHKioii  of  the«<'  cxixTinii'iitM.  which  wen*  conducted  by  Geon^e  W.  Rafter,  will  bv  f<»iiii«l  12 
Tniiis.  Am.  Ho**.  Civ.  Knjr.,  vol.  U.  pp.  i^JO-olW. 
^  Francis,  J.  B.,  Lowell  Hydraulic  Kx  peri  men  ts,  p.  133. 
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ilie  crest;  the  width  of  the  chanoel  was  about  l-l  feet.  Hia  formula, 
derived  from  these  experiments,  is  as  follows: 

^-discharge  in  cubic  feet  per  second;  h=heB,d  on  weir,  or  difference 
in  elevation  of  weir  crest  and  water  surface;  n  in  a  constant  whose 
value  is  0  when  both 
ends  of  tlie  weir  are 
flush  with  the  sides  of 
the  channel,  1  when  one 
side  only  is  flush,  and  2 
when  neither  side  is 
flush;  (7— acceleration 
of  gravity .  (See  fig.  9. ) 
The  head  on  the  weir 

should  be  not  less  than  rm.  s.^h.nK-r^ed  wdr. 

0.5  foot  nor  more  than 

2  feet,  the  depth  of  watt^r  in  the  canal  should  be  at  least  three  times 
the  head  on  the  weir,  and  the  air  should  have  free  entrance  under  the 
sheet.  The  velocity  of  approach  of  the  water  to  the  weir  must  be 
measured  and  the  head  corrected  for  it.  The  formula  for  this  pur- 
pose is  A,=[(A+A,)'— /(['],  A  being  the   measured  head,  h^  the  head 

F'  Q 

due  to  thevelocity  of  approach —-y"^  and  Vj=  j,  ■     (See  fig.  it.) 

Hamilton  Smith,  jr.,  says  of  this  formula:"  "  It  stands  in  the  first 
rank  in  reliability." 

Francis  made  eighty-eight  experiments  with  two  weirs  of  10  and  8 
feet  length,  in  addition  to  those  to  derive  his  formula,  and  found  that 
the  greatest  percentage  difference  between  his  measured  discharge 
and  the  discharge  computed  by  his  formula  was  0.9  per  cent  for  the 
mean  of  two  experiments  and  0,6S  per  cent  for  the  mean  of  eight 
experiments;  for  the  other  eleven  means  the  difference  is  less  than  0.4 
per  cent. 

FTKLET    AND   STEARNs'S   EXPERIMENTS   AND   FORMULA, 

In  1877  and  1879  Ftcley  and  Stearns*  measured  the  discharge  over 
weirs  of  5  and  19  feet  crest  length  and  the  corresponding  head  on 
weir,  from  which  they  derived  the  following  formula  for  a  standard 
weir  with  end  contractions  suppressed: 


^=3.3is[;i+1.5^-]'- 


■0.007  J. 


^=di8charge  in  cubic  feet  per  second,  5— length  of  crest,  i^— head 
on  weir,    Fi  =  velocity  of  approach  in  feet  per  second.     (See  fig.  9.) 


1  lib.  Ham i lion,  H>'dmiilic9.p.  33, 
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Their  measuring  tank  was  a  section  of  the  Sudbury  conduit  liavii^ 
a  capacity  of  300,000  cubic  feet  for  an  increase  in  depth  of  3  feet 
The  head  on  the  weir  was  measured  with  a  hook  gage  0  feet  upstream 

from  the  crest.     The  term  1.5  ^  corrects  for  velocity  of  approacL 

The  head  on  the  weir  must  be  not  less  than  0.06  foot,  and  the  airma>t 
have  free  access  under  the  sheet.  This  formula  is  not  used  as  gen- 
erally as  is  that  of  Francij^or  Bazin.  It  was  used  by  Fteley  and  Stearns 
to  comput-e  the  discharge  of  the  weir  used  in  their  current-meter  and 
weir  comparisons.     (See  p.  58,  59.) 

bazin's  formuia. 

In  1886  and  188Y  Bazin  ^  made  numerous  measurements  of  the  vol- 
ume passing  over  weirs  having  lengths  of  from  0.6  meter  to  2  meters 
and  the  corresponding  heads.  From  these  he  derived  the  following 
formula  for  a  standard  weir  with  end  contractions  suppressed  : 

Q=lMr  1+0.55  Q-^yi  IhV^igh 

and /i =0.6075+-,  ?;^4^^xx- 

h  (m  feet) 

This  formula  is  true  for  any  system  of  units  (feet  or  meten>). 
^= discharge,  J = length  of  crest,  A = head  on  weir,  ^>= distance  of 
crest  al)ove  bottom.  (See  fig.  9.)  This  formula  needs  no  correction 
for  velocity  of  approach.  The  measuring  tank  was  a  section  of  a 
rectangular  channel  200  meters  long,  2  meters  wide,  and  1.2  meters 
deep.  The  head  on  the  weir  varied  from  0.05  meter  to  0.6  meter. 
The  air  had  free  access  under  the  sheet.  Each  of  these  formulse  will 
give  the  discharge  to  within  about  1  per  cent  if  the  conditions  exist- 
ing when  the  observations  on  which  the  formula  is  liased  arc  exacth 
duplicated.  Discharges  computed  from  anj^  two  of  these  fonnulaf 
may  differ  3  per  cent. 

CURRENT  METERS. 

If  the  stream  be  small,  meter  measurements  are  made  from  a  bridpp. 
if  one  can  be  found  in  a  suitable  location.  Bridge  piers,  however. 
disturb  the  natural  flow  of  a  stream,  as  well  as  distort  the  vertii-al 
and  transverse  velocitj'  curves  and  render  them  of  only  local  appli- 
cation. Discharge  measurements  made  where  there  are  piers  in  the 
channel  are,  as  a  rule,  less  accurate  than  measurements  made  where 
there  are  no  piers  to  obstruct  the  flow. 

In  case  there  is  not  a  bridge  at  the  desired  place,  the  observer  wadesf. 
if  the  water  >>e  shallow,  taking  observations  of  depth  and  vcKxiity  at 

CI  Annales  des  ix>nt«i  et  chauas^eti,  1888,  p.  416. 
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as  many  points  in  the  cross  section  as  desired.  If  the  water  be  deep 
and  swift,  a  cable  is  stretched  across  the  stream  at  a  convenient 
height  above  the  water,  and  a  car  or  box  is  suspended  from  it.  From 
this  car,  which  is  moved  back  and  forth  across  the  stream  by  the 
observer  in  it,  the  depth  and  velocity  of  the  water  are  measured.  If 
the  current  be  not  swift,  a  surveyor's  chain  or  a  cable  can  be  stretched 
across  the  stream  temporarily  and  the  depth  and  velocity  be  measured 
from  a  rowboat  at  points  marked  on  the  chain  or  cable. 

In  a  large  river  like  the  Mississippi,  where  a  steamboat  can  conven- 
iently anchor,  a  method  that  has  been  used  satisfactorily  is  shown  in 
fig.  10. <*    The  boat  is  anchored  in  the  proper  place,  and  a  lead  weight  of 


Fig.  10. — Method  of  Msing  current  meter  on  large  river. 


50  pounds  connected  to  the  anchor  is  lowered  over  the  stern.  A  copper 
wire  is  connected  to  this  weight  and  to  the  spring  pole  in  the  boat, 
and  the  meter  is  moved  up  and  down  on  this  wire  by  a  rope.  The 
revolutions  of  the  meter  are  recorded  electrically  in  the  boat,  the  cop- 
per wire  being  connected  to  one  pole  of  the  battery  and  an  insulated 
wire  connected  to  the  meter  and  the  other  pole. 

On  large  rivers  where  boats  can  not  anchor  the  measurements  are 
made  from  a  boat  towed  by  a  steamboat.*  The  meter  is  kept  in  posi- 
tion by  two  lines  of  range  poles  at  right  angles  to  each  other.  The 
pilot  on  the  steamboat  steers  it  so  as  to  keep  it  in  line  with  one  range, 
while  the  engineer,  with  his  hand  on  the  steam  valve  and  his  eye  on 


a  Jour.  Franklin  Inst.,  vol.  62,  p.  171. 


^Jour.  West.  Soe.  Eng.,  vol.  3,  No.  3. 
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the  other  range,  controls  the  speed  of  the  Ixmt  so  that  it  will  reiuaiD 
in  a  Axed  position. 

In  a  swift  current  the  meter  and  ita  sinker  will  be  t^arried  down- 
stream a  distance  depending  on  the  weight  of  the  sinker  and  the  depth 
and  \elocity  of  the  water.  There  are  two  methods  of  treating  thi- 
difficiilty.     One  is  to  apply  a  special  device  like  that  shown  in  fig.  II 


to  keep  the  meter  in  place;"  the  other  is  to  compute  fi-om  the  weighi 
of  the  sinker  and  the  depth  and  approximate  velocity  of  the  water  thp 
additional  length  of  cable  to  use  in  order  that  the  meter  may  sink  U> 
the  required  depth,*  The  first  is  the  hetter  for  streams  of  ordinarv 
size.     In  the  device  shown  in  fig.  11  the  stay  line  is  attat^'hed  toth>' 
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meter  and  is  passed  over  a  pulley  at  the  end  of  the  stay  pole,  its  end 
being  held  by  an  assistant.  By  means  of  this  stay  line  and  the  vertical 
cord  the  meter  can  be  kept  nearly  in  position.  Instead  of  a  stay  pole 
a  wire  cable  is  sometimes  used  to  keep  the  stay  line  in  place. 

POINT  AND  INTEGRATION   METHODS. 

There  are  two  methods  of  using  a  meter  in  a  cross  section,  as  fol- 
lows: (1)  The  point  method,  in  which  the  meter  is  held  at  certain 
points  in  the  cross  section  for  a  stated  period  of  time,  usually  fifty 
seconds,  and  the  number  of  revolutions  of  its  wheel  during  that 
time  are  carefully  observed,  either  by  counting  the  clicks  of  a 
buzzer  or  reading  a  register;  and  (2)  the  integration  method,  in 
which,  instead  of  holding  the  meter  at  certain  points,  it  is  moved 
with  a  uniform  speed  through  the  section,  the  time  and  number  of 
revolutions  being  observed  as  before.  The  point  method  is  the  more 
accurate  if  sufficient  observations  are  taken  in  the  section.  The 
velocity  found  by  the  integration  method  is  the  resultant  of  the 
velocity  of  the  water  and  that  of  the  meter  as  it  is  carried  by  the 
observer,  and  must  always  be  greater  than  the  true  velocity.  The 
error  increases  with  the  speed  of  the  meter,  and  also  increases  as 
the  velocity  of  the  water  decreases.  When  the  point  method  is  used 
the  meter  may  be  held  at  several  points  in  certain  verticals,  in  which 
case  we  will  call  it  the  ordinary  method;  or  it  may  be  held  at  the 
surface,  at  mid  depth,  and  at  the  bottom  in  certain  verticals,  and  the 
discharge  be  found  from  these  (see  Moore's  method,  p.  40);  or  it  may 
be  held  at  the  surface  and  the  bottom  only  in  several  verticals,  and  the 
mean  velocity  be  found  from  these;  or  it  may  be  held  at  three-tenths, 
at  six-tenths,  or  at  mid  depth  in  certain  verticals,  and  the  mean  velocity 
be  found  by  applying  a  factor.  The  three-tenths-depth  point  ^  is  used 
because  it  is  said  to  be  the  point  of  maximum  velocity  in  a  vertical, 
and  a  small  error  in  the  position  of  this  point  will  not  affect  the  result 
much.  The  mid-depth  point*  is  employed  because  the  factor  which  is 
used  to  obtain  the  mean  velocity  is  more  nearly  constant  for  it  than 
for  any  other  point  on  a  vertical  curve.  The  six-tenths-depth  point  ^ 
is  used  because  it  is  believed  to  be  the  depth  of  the  thread  of  mean 
velocity. 

In  the  integration  method  the  meter  may  be  moved  down  several 
times  in  certain  verticals  only,  as  used  by  Harlacher,^  or  across  the 
stream  at  a  given  depth,  as  used  by  Price  on  the  Mississippi  Kiver  at 
CarroUton,  La.,*  or  diagonally  across  from  one  side  to  the  other  at  the 
same  time  that  it  is  moved  from  the  surface  to  the  bottom  several 

a  Jour.  West.  Soo.  Eng.,  vol.  3,  No.  3. 

bMcKenzie,  A.,  Report  on  Current  Meter  Observations,  Burlington,  Iowa,  1884. 

c  Proc.  Inst.  Civ.  Eng.,  vol.  71,  p.  60. 

<fIbid.,vol.67,  p.  858. 

«  Jour.  West.  Soc.  Eng.,  vol.  3,  No.  3. 
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times,  as  used  by  the  writer  and  others.  Harlacher's  apparatus  for 
moving  a  meter  with  a  uniform  velocity  is  shown  in  figs.  12  and  13. 
The  meter  B  is  moved  up  or  down  on  the  iron  tube  AA  by  the  rope 
D  attached  to  the  drum  F.  E  is  a  bracket  holding  the  pulley  e.  G 
is  an  arm  supporting  the  drum  F^  andy,  (fig.  13)  is  a  dial  on  which  Is 
registered  the  depth.  The  fan/)  (fig.  13)  and  the  gearing^  regulate 
the  rate  of  motion  of  the  meter;  y^  is  a  crank  lever  for  raining  the 
meter,  and  f^  a  ratchet  wheel  for  arresting  the  motion.     /  (tig.  12)  i-^ 

an  electric  battery,  and  H  (fig.   12)  is  the 
registering  apparatus. 

When  accurate  results  are  desired  the 
meter  should  be  held  with  a  rod,  if  the 
depth  be  not  too  great,  in  which  case  it  is 
not  free  to  turn  sidewise,  but  keeps  its  axL> 
parallel  to  the  axis  of  the  stream  and  can 
be  placed  close  to  the  bottom.  Ordinarily 
it  is  held  wuth  an  insulated  wire,  and  is  free 
to  take  the  direction  of  the  water  at  the 
point  where  it  is  held. 

COEFFICIENT  WOBK. 

Coefficient  work  in  river  gaging  consLst'i 
of  obtaining  the  ratio  of  the  velocity  at  any 
point  in  the  depth  of  the  stream  (called  the 
index  point) — as,  for  example,  the  three- 
tenths-depth  point — to  the  mean  velocity 
in  the  whole  depth.  When  this  i-atio  or 
coefficient  is  known  for  a  vertical,  the  mean 
velocitv  in  that  vertical  can  be  found  bv 
making  an  observation  at  the  index  point 
and  applying  the  coefficient. 

Let  6\,  6i,  (7,,  etc.,  be  the  coefficients  for 
the  component  parts,  F^^  F^,  7^,  et<*.,  of  the 
discharge  area  F'y   V^^   T^,  T^,  etc.,  the  ob- 
served velocities  at  the  index  points  of  these 
areas;  and  F  the  mean  velocity  for  the  whole  discharge  area.     The 

discharge   Q=Fr=C,F,V,+  C,F,r,+  C,F,V,+ (1). 

A  value  of  each  of  these  coefficients  can  be  found  for  each  foot 
variation  of  river  stage.  The  discharge  of  the  stream  is  then  com- 
puted by  equation  (1)  from  observed  values  of  T^,  Fi,  T^,  etc.,  at  the 

index  points,  using  the  set  of  values  of  the  coefficients  which  corre- 
spond with  the  observed  river  stage. 

Coefficient  work  can  be  done  with  one  current  meter,  but  it  can  be 
done  more  rapidly  with  two  or  more  meters.     When  two  meters  are 


Fig.  12.— Harlacher'8  appamtuN  for 
moving  a  meter  with  uniform 
velocity. 
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used,  one  ia  placed  at  the  index  point  and  the  other  ia  held  for  several 
minutej^  at  as  many  points  in  the  vertical  aa  desired,  and  siniultaaeous 
readings  of  the  two  meters  are  obtained  at  each  point.  The  two  meters 
are  occaaionally  held  at  the  same  depth  and  relative  readings  of  the 
meters  are  obtained.  A  chart  can  be  prepared  from  the  ratings  of 
the  meters  in  still  water  which  will  give  the  velocity  ratio  from  the 
siDiultaneous  readings  of  the  two  meters.     For  example:  The  index 


Fjo.  13.— I>eUI1ii  oI  HHrlHrher'snppnralii.'-Ior  movEng  a  iDPler  witli  iinlfonn  veloclI>-. 

metf'r  at  three-tenths  depth  indicates  3.M  revolutions  per  second. 
The  other  meter,  at  eight-tenths  depth,  indicates  2.05  revolutions  per 
second.  The  chart  shows  the  velocity  ratio  for  these  meter  speeds  to 
be  0.89.  From  the  velocity  ratio  at  each  tenth  of  the  depth  the  ratio 
of  the  mean  velocity  in  the  vertical  to  the  index  velocity,  oi-  C\  is 
found. 
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On  account  of  the  rapid  changes  of  surface  elev^ation  of  large 
streams,  this  coefficient  method  of  gaging  is  better  and  more  accural*/ 
for  such  streams  than  the  slower  one  in  which  velocity  observation> 
are  made  at  several  points  in  each  vertical. 

RATING   OF  METERS  AND  CONSTRUCTION  OF  RATING  TABLES. 

The  accuracy  of  a  discharge  measurement  depends  larg'ely  on  the 
accuracy  of  rating  the  meter  used.  Errors  of  observation  are  a^ 
likely  to  be  too  large  as  too  small,  and  are  compensating.  Errors  in  a 
rating  table  always  have  the  same  sign  and  are  cumulative,  hence  thev 
should  be  eliminated  or  reduced  to  a  minimum. 

There  are  two  kinds  of  rating  of  a  current  meter — absolute  and 
relative.  From  the  former  the  absolute  velocity  at  a  single  point  i^ 
found;  from  the  latter  the  ratio  or  coefficient  of  velocity^  at  any  two 
points  is  found.  The  former  is  usually  employed  in  still  water;  the 
latter  in  running  water. 

Four  methods  have  been  used  for  rating  meters:  (1)  By  the  use  oi 
surface  floats;  (2)  b}'  moving  the  meter  through  still  water  with  a 
known  velocity;  (3)  by  observing  velocity  at  many  points  in  a  ero^s 
section  and  comparing  this  with  the  known  mean  velocity;  and  (4)  by 
attaching  the  instrument  to  a  long  arm  and  revolving  it  about  a  ver- 
tical axis  in  a  body  of  still  water.  The  second  method  is  the  one  now 
universally  used.  The  meter  is  suspended  from  a  car  or  a  boat  and  is 
moved  with  a  uniform  velocity  through  still  water  at  a  depth  of  2  or 
more  feet  below  the  surface.  The  length  of  a  iiin  varies  from  1<X»  to 
300  feet,  with  a  sttirting  run  sufficient  to  allow  the  meter  wheel  to 
reach  the  proper  speed  before  entering  the  run.  It  is  moved  across 
and  back  over  the  run  to  eliminate  the  effect  of  velocitv  in  either 
direction.  The  rating  equipment  should  be  such  as  to  give  time  of 
run  to  the  tenth  of  a  second  and  speed  of  meter  to  the  tenth  of  a  revo- 
lution (a  chronograph  recording  time,  revolutions,  and  the  instants  of 
beginning  and  ending  the  run  should  meet  this  requirement). 

The  range  of  velocities  employed  in  rating  should  be  those  for  whioh 
the  meter  is  to  be  used.  If  it  is  to  be  emplo3'ed  mainly  to  measuR' 
low  velocities  the  speeds  in  rating  should  bo  low.  The  rating  table 
should  not  be  extended  beyond  the  limits  of  velocity  used  in  thi- 
rating. 

The  relation  between  distance  passed  over  by  the  meter  and  the 
corresponding  revolutions  of  the  meter  wheel  is  often  assumed  to  1m* 
a  straight  line.  It  is  alwa3's  a  curved  line,  and  must  be  so  on  aceoiini 
of  friction  of  bearings  and  inertia  of  moving  wheel.  A  velocity  of 
from  0. 1  to  0.5  foot  per  second  is  necessary  to  start  the  wheel.  As  the 
velocity  increases  the  effect  of  friction  and  inertia  becomes  propor- 
tionately less  and  the  curve  approaches  a  straight  line.  The  relation 
between  velocity  and  revolutions  of  wheel,  per  second,  is  of  the  second 
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degree  aud  concave  to  the  axis  of  velocity.  For  velocities  of  2  or 
more  feet  per  second  this  curve  differs  little  from  a  straight  line. 

The  results  of  the  rating  are  usually  plotted  on  squared  paper, 
using  revolutions  per  second  as  ordinates  and  velocity  as  abscissae, 
and  all  observations  that  fall  much  from  a  well-defined  line  are 
rejected.  If  this  line  be  nearly  straight  between  the  limits  of  the 
observed  revolutions  its  equation  is  assumed  to  be  of  the  form 
y=a-\-hje^  y  being  velocity,  x  revolutions  per  second,  and^  and  h  con- 
stants. If  the  results  indicate  a  curved  line  its  equation  is  at^sumed 
to  be  of  the  form  y^a-\'})x-\-cx^.  There  are  two  methods  of  pre- 
paring the  rating  table  from  the  observations.  The  first  method  is 
rapid.  The  most  probable  curve  is  drawn  among  the  plotted  observa- 
tions, and  the  velocities  to  tenths  of  a  revolution  are  read  from  the 
curve.  In  the  second  method  the  equation  of  the  most  probable 
relation  is  derived  by  the  method  of  "least  squares"  and  then  the 
table  is  prepared  from  the  equation.  The  writer  has  found  it  better 
to  plot  values  of  x  and  the  ratio  of  y  to  a?  (see  fig.  29,  p.  89)  instead  of 
X  and  y.  The  reason  is  that  the  ratio  y  \.o  x  changes  rapidly  as  x 
increases  and  can  be  read  more  accurately  from  this  curve  than 
from  a  nearly  straight  line.  It  can  be  shown  mathematically  that 
these  curves  are  approximately  branches  of  hyperbolas. 

The  second  method,  which  is  to  derive  the  equation  of  the  most 
probable  relation  between  velocity  and  revolutions  by  the  method  of 
"  least  squares,"  first  rejecting  the  observations  that  fall  much  out- 
side of  a  well-defined  curve,  is  the  most  accurate,  but  it  requires  the 
most  time.  If  the  meter  is  to  measure  low  velocities  to  within  1  per 
cent,  the  second  method  must  be  used.  It  gives  ii  observation  equa- 
tions of  the  form  y—a—hx=v  if  the  relation  be  linear,  or  y—a—hx— 
cx^=v  if  it  be  parabolic,  v  is  a  small  quantity  called  a  residual,  or  a 
residual  error.  Its  value  would  be  zero  if  the  observations  were  per- 
fect. According  to  the  principle  of  least  squares,  the  best  values  of 
the  constants  are  those  that  make  the  sum  of  the  squares  of  the  resid- 
uals a  minimum. 

Squaring  each  of  these  n  equations  and  adding,  we  have 

2:V=?V+^'g*+V+    .    .    .     =[y'-a-hx'-cy^f+[y"-a-7jx"-cx"^Y 

+W"-a-hx"'+cx'''^f+     .     .     . 

Taking  the  first  derivative  of  this  equation  with  respect  to  a^  J,  and  c 
and  placing  these  equal  to  0,  we  have 

^i^l  =  -.2[i/-a-hx'-ca/']-2[y''-a-bx''-c,rr']    .     .  • .     .     =0 

d-^^-'±j^^\y'-a—lj^-cx'^\-'l^'^\y''-ii-hiV-c;i^^^^^  .  .  .  =.0 
From  these  normal  equations  the  values  of  a,  5,  and  c  can  be  found. 
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For  the  linear  function  these  equations  become  two  in  number  ami 
have  the  form 

na-\-h2x  =2j/ 

and  a  and  b  are  found  from  these  equations. 

This  relation  between  rev'olutions  per  second  and  velocity,  whatever 
it  may  be,  is  not  constant.  Below  are  given  the  ratings  of  a  Pritr 
meter,  obtained  by  J.  C.  Bailey,  United  States  assistant  engineer:" 


Results  off 

our  raJLitigs  of  a  Price  meter  used  in  1892  on  Niagara  River. 

Dat4?. 

Number 
of  obser- 
vationfi. 

Velocity. 

Meter  co< 
a 

4.289 
4.256 
4.046 
4.130 

efficients.  ! 

'                     Remarks. 

h 

April  28 

20 
49 

Ft.  pcrsec. 
2,5  to  7.3 
2.1  to  6.7 
1.7  to  7.7 
2.0to8.0 

+0 

+0.061 
+0.207 
+0.067 

Still  water:  base  150  feet  lone. 

April29 

May  4 

l)o. 
Do. 

May  17 

43 

Still  water;  base  300  feet  loni;. 

4.168 

+0.0848 

Values  computed  from  two  vfUings  of  current  meter  on  April  29  and  May  4,  189:^. 

[April  29,  ri=4.256i2+a06l;  May  4,  r2=4.046i2+0.207.] 


R 

Vi 

Ts 

Vt-Vi 

Vt-  »i 

0.06 

0.274 

0.409 

0.135 

0.814 

0.10 

0.487 

0.612 

0. 125 

0.204 

0.15 

0.699 

0.814 

0.115 

0.141 

0.20 

0.912 

1.016 

O.lOi 

0.102 

0.25 

1.125 

1.219 

0.094 

0.077 

0.30 

1.338 

1.421 

0.083 

0.068 

0.35 

1.651 

1.623 

0.072 

0.044 

0.40 

1.763 

1.825 

0.062 

0.034 

0.45 

1.967 

2.028 

O.tfffi 

0.0*26 

0.50 

2.189 

2.280 

0.041 

0.018 

The  foregoing  table  shows  that  if  on  May  4  velocity  measurement^ 
had  been  made  from  0.05  to  0.50  revolution  per  second  and  the  ratinjr 
table  of  April  29  had  been  used  the  results  would  be  in  error  from  l.** 
per  cent  to  31.4  per  cent.  It  is  true  that  neither  set  of  values  of  (7  and 
b  was  determined  for  low  velocities.  This,  however,  emphasizes  th»^ 
fact  that  values  of  a  and  b  found  for  high  velocities  may  be  greatly 
in  error  for  the  low  velocities  if  the  linear  relation  is  assumed.  Then' 
four  ratings  of  a  meter  in  less  than  one  month  show  considerahh^ 
variation  in  the  values  of  a  and  5,  and  indicate  that  when  a  meter  i- 
in  constant  use  its  rating  should  be  examined  once  a  week  if  accurate 
work  is  required. 

A  rating  table  that  gives  velocity  to  only  two  places  of  decimals  i? 
not  sufficientlv  accurate  for  low  velocities.  To  illustrate  this  we  will 
take  the  case  of  the  rating  table  of  small  Price  meter  No.  363,  rated 
at  Chevy  Chase,  Md.,  June  26, 1900.  The  velocity  corresponding  with 
0.05  revolution  per  second  is  given  as  0.17  foot  per  second.  This  mav 
mean  any  value  from  0.166  foot  per  second  to  0.174  foot  per  second. 
This  is  2.12  per  cent  of   0.17.      Hence  if  the  computed  revolution- 

CI  Engineering  New.s,  vol.  29, 1893. 


MURPHY.] 


BATING   TABLES. 


43 


were  either  0.166  or  0.174  the  error  introduced  by  using  this  rating 
table  would  be  2.12  per  cent.  The  following  table  shows  the  error  for 
other  velocities  given  in  this  rating  table.  If  the  velocity  be  0.25  foot 
per  second  it  may  be  in  error  nearly  2  per  cent  if  found  f rora  this  table. 

Table  showing  greater  percentage  error  in  rating  table  of  small  Price  meter  No.  863^ 

which  gives  velocity  to  only  two  places  of  decimals. 


Revolu- 

Error 

Revolu- 

Error 

tions  per 

Velocity. 

0.004 

tions  per 

Velocity. 

0.0O4 

a 

seeond. 

Ft.  per  9CC. 

r 

second. 

V 

Per  cent. 

Ft.  per  sec. 

Per  cent. 

0 

0.06 

6.7 

0.25 

0.63 

0.6 

0.05 

0.17 

2.4 

0.80 

0.76 

0.5 

0.10 

0.29 

1.4 

0.35 

0.86 

0.6 

0.15 

0.40 

l.O 

0.40 

0.98 

0.4 

0.20 

0.52 

0.8 

0.46 

1.09 

0.4 

Darcy  and  Bazin  employed  the  first  three  methods  to  rate  the  Pitot 
tube  which  they  used  in  their  hydraulic  investigations  on  canals.^ 
Fig.  2,  page  19,  shows  this  instrument  as  they  used  it.  A  discussion 
of  the  results  of  the  mtings  is  given  here  on  account  of  the  light  they 
throw  on  accuracy  tests. 

Results  of  Pitot  tube  ratings  by  Darcy  and  Bazin. 


First  method,  b 

Seco 
Veloc- 

nd meth< 

5d.  <• 

Num- 
ber of 
experi- 
ments. 

Third  method. d 

No.  of 

Value 

Num- 
ber of  1 
experi- 
ments. 

Value 

Designation 
of  experi- 

Value 

Mean 

Channel. 

ex- 
peri- 

of coef- 

ity of 

of  coef- 

ment. 

of  coef- 

veloc- 

ficient. 

boat. 
Meters. 

ficient. 

flcienl. 

ity. 

ment. 

Series. 

No. 

Shape. 

Width. 

Meters. 

MetcTf. 

2 

0.987 

8 

0.609 

1.040 

2 

51 

1 

1.021 

0.508 

!'^ 

0.8 

3 

1.024 

8 

0.692 

1.053 

1 

61 

2 

1.010 

0.768 

0.8 

4 

0.981 

8 

0.785 

1.032 

3 

61 

3 

1.018 

1.028 

r) 

0.8 

5 

1.013 

8 

0.938 

1.033 

1 

52 

1 

1.029 

0.376 

i'i 

0.48 

6 

1.006 

8 

0.980 

1.040 

3 

52 

2 

1.000 

0.542 

0.48 

7 

0.988 

8 

1.120 

1.015 

1 

62 

3 

1.006 

0.694 

r-^ 

0.48 

8 

1.012 

8 

1.'231 

1.028 

1 

58 

4 

1.005 

1.429 

1.994 

9 

1.008 

4 

1.333 

1.032 

1 

59 

4 

0.969 

2.318 

k 

1.994 

10 

1.008 

4 

1.385 

1.048 

1 

60 

2 

0.968 

2.571 

1.991 

11 

1.009 

4 

1.470 

1.029 

1 

61 

4 

0.966 

1.267 

if) 

1.994 

12 

1.007 

4 

1.600 

1.040 

1 

62 

4 

0.966 

1.979 

(/) 

1.994 

13 

1.015 

4 

1.611 

1.083 

2 

63 

3 

0.988 

2.199 

i 

1.994 

14 

1.089 

4 

1.661 

1.027 

1 

64 

1 

0.996 

0.856 

1.994 

16 

0.994 

4 

1.776 

1.042 

1 

64 

2 

0.988 

0.948 

1.994 

16 

1.007 

4 

1.819 

1.081 

3 

65 

4 

0. 978 

1.511 

1.994 

17 

1.023 

4 

1.863 

1.027 

3 

66 

1 

1.016 

1.464 

(/) 

1.994 

;  1.930 
1.976 
2.034 

1.039 
1.025 
1.037 

1 
4 

1 

66 

68 
71 
72 
73 
74 
84 
84 
86 
85 
85 
88 
88 
88 
88 

2 
4 
6 
6 
4 
4 
2 
3 
1 
2 
3 
1 
2 
3 
4 

0.984 
0.976 
0.968 
1.017 
0.967 
1.014 
1.014 
0.984 
0.998 
0.997 
0.990 
0.996 
0.986 
0.980 
0.993 

1.676 
1.497 
1.810 
1.679 
1.612 
1.229 

i.ass 

1.246 
1.011 
1.218 
1.473 
0.894 
0.921 
0.965 
1.010 

i 

1 

1.994 

1.984 

1.40 

1.40 

1.40 

1.40 

1.990 

1.990 

1.990 

1.990 

1.990 

1.990 

1.990 

1.990 

1.990 

» 

, 

........ 

I 

r 

1                  1 

1 

; 



• 

•  *.•*.. -i 

1.034 

1.006 

0.993 

a  Darcy  and  Bazin,  Recherches  hydrau- 
liques,  1866,  pp.  63—70. 
6  By  surface  floats. 
c  In  still  water. 
din  moving  water. 


«  Rectangular  covered  wooden  channel. 
/Rectangular  oi>en  wooden  channel  covered  with  cloth. 
0 Trapezoidal  open  wooden  channel  covered  with  cloth. 
A  Semicircular. 
i  Rectangular. 
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In  the  first  method  the  floats  were  run  over  a  distance  of  40  meters 
and  the  tube  was  held  with  its  point  0.02  meter  below  the  surface  of 

— v~7 

'^</  -K-^v  bein jr  known  from  the 

floats.  In  the  second  method  the  tube  was  fastened  in  front  of  a 
boat  and  was  drawn  through  still  water  at  different  observed  veloci- 
ties. In  the  third  method  the  instrument  was  held  at  many  points  Id 
a  cross  section  of  an  experiment  canal  2  meters  wide  the  mean  veloc- 
ity in  which  was  known,  and  the  mean  velocity  as  shown  by  the 
tube  was  computed. 

It  is  seen  that  the  three  values  of  C  found  by  these  three  metho<Li 
differ  somewhat,  although  each  is  the  mean  of  many  observations. 
The  value  found  by  the  second  method  (the  one  now  commonly  used) 
is  the  largest  of  the  three,  and  is  rejected  on  account  of  the  action  of 
the  boat  on  the  instrument.  .The  pull  on  the  boat  as  it  was  drawn 
through  the  water  tipped  the  point  of  the  tube  down  slightly,  making 
its  indications  less  than  they  should  be  and  making  C  too  large.  By 
the  first  method  the  mean  of  experiments  Nos.  2  to  8  is  1.0016  and 
the  mean  of  experiments  Nos.  9  to  17  is  1.0122.  The  diflference 
between  these  is  nearly  1  per  cent  of  the  former.  The  greatest  vari- 
ations from  the  mean  of  all  the  observations  by'the  first  method  are 
-1-1.8  per  cent  and  —2.5  per  cent.  The  value  of  6^ found  by  the  third 
method  is  0.99.S,  obtained  from  thirty -one  measurements  of  discharge 
of  the  experiment  canal.  The  tube  was  held  at  man}'^  points  in  tlic 
cross  section.  The  variations  from  this  mean  are  -|-3.6  per  cent  and 
—2.8  per  cent.  Darcy  uses  the  mean  of  the  values  found  b}^  the  first 
and  third  methods,  which  makes  C=l.  The  extreme  variations  f  ix)m 
this  mean  are  -|-3.9  per  cent  and  —3.5  per  cent.  The  velocity  of  the 
water  during  these  ratings  varied  from  0.5  to  2.5  meters  per  second, 
or  from  1.64  feet  to  8.20  feet  per  second. 

FORMULA  FOR  COMPUTING  DISCHARGE. 

The  discharge  is  a  function  of  the  cross  section  and  velocity.  Each 
of  these  factors  must  be  measured  at  a  sufficiently  large  number  of 
points  in  the  cross  section  to  give  the  required  degree  of  accuracy. 

For  streams  from  5  to  10  feet  wide  the  depth  should  be  measured 
at  each  foot  of  width;  for  streams  from  10  to  30  feet  wide,  at  each  ^ 
to  5  feet  of  width;  for  widths  from  30  to  100  feet,  depths  should  l)e 
measured  At  each  5  to  10  feet,  and  for  widths  greater  than  100  feet,  at 
each  10  to  25  feet,  depending  on  the  width  and  unevenness  of  the  bed. 

The  general  formula  for  the  discharge  per  second  is 

Q=F,V,-\-F,V,+F,V,+  .  .  .  F.Vn.  (1) 

7^1,  Ti'g,  i^3,  etc.,  are  the  component  parts  of  the  cross  section,  and 
^^19  ^^?  T^j  ^tc,  the  mean  velocity  in  each  of  these  parts.     If  the 
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width  of  these  component  parts  is  i  and  the  mean  depth  in  each  is 
^/,,  rfj,  rfj,  this  formula  can  be  written 

Q^h  ( vA-\-  yA+  yA+ )•  (2) 

If  d^=d^~d^ ,  that  is,  if  the  channel  is  rectangular  in  cross 

section,  then  formula  (2)  becomes 

Q=M{\\+V,^-V,+ ).  (3) 

The  mean  velocity  of  a  component  area  may  be  computed  from 
observations  at  its  ends  or  at  its  center.  Occasionally  two  consecutive 
component  areas  are  considered  together  and  the  mean  velocity  for 
the  double  strip  computed  from  observations  at  the  ends  and  center  of 
it.  The  mean  velocity  in  a  vertical  is  found  (1)  from  a  single  observa- 
tion at  same  depth  by  applying  a  coefficient,  as  a  mid-depth  velocity 
observation  multiplied  b}^  0.95,  or  a  six-tenths-depth  observation  multi- 
plied by  unitj%  and  (2)  from  a  vertical  velocity  curve.  The  latter,  as 
already  explained,  is  found  from  numerous  observations  at  points  in 
the  depth,  and  the  mean  velocity  in  this  vertical  is  then  the  area 
inclosed  between  the  vertical  curve  and  a  vertical  line  representing  no 
velocity  divided  by  the  depth.  Harlacher's  method  of  integrating^  in 
a  vertical  gives  each  component  velocity  very  readily  and  quickly;  any 

component  velocity  is  -  «, ,  R  being  the  observed  revolutions,  T  the 

obseiTed  time  in  seconds,  and  C  the  number,  which  changes  from 
revolutions  to  velocity. 

In  measuring  the  discharge  of  a  large  river  the  component  veloci- 
ties are  always  found  from  an  observation  at  some  given  depth  and 
the  use  of  a  coefficient.  As  the  depth  or  stage  of  a  river  is  almost 
constantly  changing,  it  is  necessary  to  make  the  velocity  observation 
in  a  short  time — one  or  two  hours  at  most.  The  value  of  the  coeffi- 
cient to  use  to  reduce  observed  velocity  at  any  depth  to  mean  velocity 
in  that  vertical  should  be  found  from  measurement  if  possible. 

The  discharge  measurements  of  the  Niagara  River  made  in  1897 
and  1898  by  the  United  States  Board  of  Engineers  on  Deep  Water- 
ways* from  the  international  bridge  3  miles  below  the  head  of  the 
river  were  computed  from  velocity  observations  at  three-tenths 
depth,  using  coefficients  whose  values  were  found  from  vertical  velocity 
curves.  The  meter  stations  were  about  80  feet  apart  and  were  at  the 
middle  of  each  half  span  of  the  short  spans  and  at  the  middle  of  each 
one-third  span  of  the  long  spans.  The  value  of  the  coefficient  for 
reducing  observed  velocity  to  mean  velocity  ranged  from  0.61  to  3.17, 
being  influenced  by  the  piers  of  the  bridge. 

The  whole  cross-section  area  can  readily  be  computed  from  the 
formula: 

V^\[d,+^{d,+d,+d,+  .  .  +tf.,_,)+2  (rf,+rf,+  .  .  .  +^„)+^/n+il .  .  (4) 


aProc.  Inst.  Civ.  Eng.,  vol.  67,  p.  358.  ft  Jour.  West.  Soc.  Eng.,  vol.  4,No.  6. 
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rfj,  ^jj,  rfj,  etc.,  being  depths  and  h  the  distance  between  the  points 
where  the  depths  are  measured;  n  is  the  number  of  component  area^ 
and  should  always  be  an  even  number.  This  formula  is  based  on  th« 
assumption  that  the  bed  is  a  parabolic  arc  between  each  double  com- 
ponent area. 

When  ;i=2,  this  formula  gives  the  area  of  two  consecutive  cuui 
ponent  areas  and  becomes: 

F=|(rf,+4rf,+t^3)=^(.i,+46Z,+rf,).._ i:.i 

e  being  equal  to  25. 

A  somewhat  simpler  formula  for  the  ai-ea  of  two  consecutive  c(«u- 
ponent  areas  is: 

F'=(^+^+-i)*=|(d,+2d,+d,)..... 

T.  V.  Moore  in  his  discharge  measurements  of  the  Thames  **  assumed 
the  vertical  velocity  curve  k)  be  a  parabola,  and  computed  its  an^ 

from  the  fornmla  ^^A.  I'^+^r  Tm+  FJ,  d  being  the  depth,  T  a  thesur 

face  velocity,  Vn,  the  velocity  at  mid  depth,  and  V^  the  bottom  velocity. 
The  discharge  per  second  flowing  between  the  end  sections  he  (com- 
puted   from    the    formula    F=«[^^i+4-2^j-|-22^3],  h   l>eing  i\\^ 

distance  between  the  consecutive  sections,  ^A^  the  sum  of  the  two  envi 
sections,  ^A^  the  sum  of  the  odd  sections,  and  ^A^  the  areas  of  tl\* 
even  sections.  The  discharge  is  found  by  adding  to  this  the  small 
volume  flowing  between  each  end  section  and  the  shore. 

T.  G.  Ellis,  in  computing  the  discharge  of  the  Connecticut  River  in 
1874,  multiplied  the  velocity  at  mid  depth  in  each  component  area  b} 
0.95  to  find  the  mean  velocity  in  that  area.*  In  computing  the  di- 
charge  of  the  Mississippi  River  in  1882  the  velocity'  at  mid  depth  i!i 
each  component  area  was  multiplied  by  0.91  for  the  observations  tak»'i 
when  the  river  was  covered  with  ice,  and  bv  0.96  when  free  from  w, 
to  reduce  the  mean  velocity  in  a  vertical.*^  From  1885  to  1887  ihf 
velocity  at  six-tenths  depth  was  observed  in  the  component  areas,  am: 
this  was  taken  as  the  mean  velocity  in  each  area. 

Harlacher\s  method  of  computing  flood  discharge  where  the  surfai-? 
velocity  only  could  be  measured  is  illustrated  in  fig.  14. ''  The  surfa«f 
velocity  was  measured  at  a  sufficient  number  of  points  (1,  2,  3,  eU. 
in  the  cross  section  ACB  to  determine  the  surface  velocity  cunf* 
ADB,  The  line  A  CB  shows  the  depth  at  each  point  and  is  plotted 
from  soundings  taken  immediately  before  or  after  the  flood. 

The  openings  between  EF  and  GH  are  bridge  piers,  the  measun 

'«  Prt)c.  Inst.  Civ.  Eur.,  vol.  45,  p.  220.  c  Jour.  West.  Soc.  Eng.,  vol.  3.  No.  3. 

b  Trans.  Am.  Soc.  Civ.  Eng.,  vol.  4,  p.  303.  rfProc.  Inst.  Civ.  Eng.,  vol.  91,  p.  399. 
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mentH  lieirig  made  from  a  bridge,.  The  product  of  the  surface  velocity 
c,  nml  the  cori-esponding  depth  t  is  fouod  for  a  sufficient  number  of 
pointij,  depending  on  the  irregularity  of  the  bottom,  and  the  curve 


iielhud  ut  ci>iu|iutltig  flood  ilinchmge. 


AEFGItB  di-awn.     The  discharge  per  second  is  the  ai-ea  between  the 
line  AB  and  the  curve  AEFGIIB,  less  the  piers,  multiplied  by  0.S5. 


SURFACE   FLOATS  AND  PITOT  TUBE. 

On  page  43  wc  ha^'e  given  the  results  of  three  ratings  of  a  Pitot 
tube  l)v  Darcy  and  liazin."  In  the  first  method  the  surfatie  velocity 
was  found  from  surface  floats  and  a  Pitot  tube,  as  already  described. 
Ninety- two  experiments  were  made.  The  results  are  combined,  accord- 
ing to  velocity,  into  seven  groups  of  eight  experiments  ea<rh  and  nine 
groups  of  four  experiments  each.  The  \aXus  of  the  coefficient  as  found 
from  the  firol  He\en  groups  diffeis  from  that  found  from  the  mean  of 
the  last  groiips  by  about  1  per  cent.  The  extreme  variations  of  these 
individual  means  from  the  mean  of  all  the  experiments  are  —  l.S  per 
cent  and  +  2,5  per  cent.  The  individual  values  of  the  coefficient  are 
not  given.  Their  extreme  vanation  from  the  mean  of  all  must  l>e  at 
least  twice  that  of  the  individual  means  from  the  general  mean, 

PITOT  TUBE  AND  RECTANGULAR  ORIFICES. 

On  page  43  are  given  the  results  of  a  tbii^d  rating  of  a  Pitot  tube 
by  Darcy  and  Bazin  (thiM  method).  This  is  also  a  comparison  of  the 
discharge  of  a  canal  2  meters  wide,  as  found  from  rectangular  orifices 
and  as  found  from  numerous  velocity  measurements  in  a  cross  section 
of  the  canal  with  the  same  Pitot  tube.  The  discharge  of  the  rec- 
tangular orifices   admitting  water   to   the  canal  was  determined  by 

n  Darcy  iinil  Butti,  Kechfrrhm  hj-draulliiiics,  I«e6.  pp.  63-70. 


48 


ACCURACY   OF   STREAM   MEASUREMflNTS. 


[xo.  9f>. 


experiment  for  different  heads  on  them.  The  number  of  velo(*ity 
measurements  in  each  experiment  or  discharge  measurement  varied 
with  the  depth  of  the  water  in  the  canal,  being  from  twenty-seven  in 
the  smallest  channel,  which  was  0.30  meter  by  0.48  meter,  to  ninety 
one  in  the  canal  2  meters  wide.  The  points  of  measurement  were 
nearest  together  where  the  velocity  changed  most  rapidly.  The  result'^ 
of  thirty-one  discharge  measurements  are  given,  the  mean  velocity 
varying  from  0.38  meter  to  2.57  meters  per  second.  The  extreme  vari- 
ations from  the  mean  of  all  the  values  of  the  coefficient  are  +  3.6  per 
cent  and  —  2.8  per  cent. 

DOUBLE  FLOATS   AND  CURRENT  METERS. 
ELLIS'S   EXPERIMENTS. 

In  1874  T.  G.  Ellis  made  numerous  velocity  measurements  on  the  Con- 
necticut River  at  Thompson ville,  Conn.,  with  current  meters  and  with 
double  floats  like  that  shown  in  fig.  1,  p.  IS.'*  Vertical  velocit\"  curves 
were  obtained  in  planes  parallel  with  the  axis  of  the  river  and  ICMj  fet-i 
apart,  with  the  meters  and  with  the  floats.  Each  of  these  curves  wa> 
plotted  on  cross-section  paper  and  divided  into  tenths  of  the  depth. 
All  of  the  curves  in  which  the  mean  velocity  was  le^^s  than  1.8t»  feet 
were  combined  by  combining  all  the  observations  at  each  tenth  of 
depth;  all  iii  which  the  mean  velocity  was  more  than  1.86  feet  were 
combined  in  the  same  way.  From  the  resultant  vertical  velocity 
curves  the  results  in  the  following  table  are  taken: 

Comparison  of  velocilij  hy  double  floats  and  current  meters  from  mea^uremaitu  hy  T,  G. 

Ellis  on  Connecticut  River  in  1S74- 


Observations. 


Meter  (av.  veloci- 
ty less  than)  1.86 

Float  (av.  veloci- 
ty less  than)  1.H6 

Meter  (av.  veloci- 
ty more  than) 
1.H6 

Float  (av.  velocl- 
tv  more  than) 
r.86 

All  meter  obser- 
vations   

All  float  observa- 
tions  


Mean  velocity,  I 

n  feet 

per  second,  at  various  depths. 

Sur- 
face. 

1. 15 

O.l 
1.19 

0.2 
1.2-2 

0.3 

0.4 
1.19 

0.5 
1.14 

0.6 

0.7 
1.03 

0.8 
0.94 

1 
0.9 

1.22 

1.11 

0.79 

1.60 

1. 52 

1.52 

1.53 

1.49 

1.46 

1.85 

1.29 

1.20 

0.97 

2.96 

3.08 

3.12 

3.06 

2.99 

2.91 

2.78 

2. 62 

2.42 

2.16 

8.26 

8.21 

3.17 

3.17 

3.11 

3.01 

2.94 

2.80 

2.60 

2.35 

2.05 

2.12 

2.15 

2.13 

2.08 

2.01 

1.93 

l.Hl 

1.67 

1.47 

2.:W 

2.3« 

2.35 

2.35 

2.30 

2.23 

2.15 

2.04 

1.90 

1.60 

flot 
torn. 

0.46 
0.58 


MeHn. 


1.063 
1.33^ 


7    I 


,  Varte 


f'.'-i 


1.47     2,T^ 


1.78 
0.96 
1.18 


2,W1 
K887 

2-114 


>       »  ' 


\" 


It  is  seen  from  the  foregoing  table  that  the  velocity  as  found  with 
the  meter  is  from  6  to  26  per  cent  less  than  that  found  with  the  floats 
and  that  the  difference  between  the  meter  and  float  velocities  increase? 
as  the  velocitv  decreases. 


nRept.  Chief  Kng.  U.  S.  A.,  1878,  Appendix  B. 
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Ellis  gives  also  the  following  values  of  the  ratio  of  mean  velocity  in 
a  vertical  (T'^J  to  raid-depth  velocity  in  that  vertical  {V^D)  and  the 
ratio  of  distance  below  the  surface  of  mean  velocity  (m)  to  total 
depth  {B). 

Mean  ratios  from  vertical  velocity  curves  obtained  by  Ellis  on  Connecticut  River  in  1874' 


Observations. 


Mcter-ftt  low  velocities 

Floftt««  at  low  velot^itiea 

Mean  of  low  velocities 

Meter  at  high  velocities 

Floats  at  hleh  veUx'ities 

Mean  of  hljfn  velocities 

Mean  of  meter  measurementja. 
Mean  of  float  measurements . . 
Mean  of  all  measurements 


Vm-f-  \^D 


m+D 


0.983 

0.656 

0.918 

0.622 

0.930 

0.652 

0.939 

0.628 

0.961 

0.637 

0.944 

0.629 

0.937 

0.638 

0.947 

0.632 

0.940 

0.636 

y 

From  the  foregoing  table  it  is  seen  that -t/-^a  varies  from  about  0.92 

7n- 
to  0.96  and  y;  from  0.62  to  0.66 — about  the  same  range  of  values. 

mark's   EXPERIMENTS. 

In  October,  1879,  G.  A.  Marr  made  simultaneous  velocity  measure- 
ments of  the  Mississippi  River  at  Burlington,  Iowa,  with  double  floats 
like  those  shown  in  fig.  1  and  with  five  current  meters.®  The  river 
where  measured  was  about  2,000  feet  wide,  and  the  path  of  the  floats 
was  near  the  center,  where  the  depth  was  about  16.4  feet.  Ten  floats 
were  run  in  succession  in  a  period  of  about  twenty-five  minutes  over 
a  distance  of  200  feet,  and  the  time  of  entering  and  leaving  each 
quarter  of  the  run  was  recorded  on  a  chronograph  of  eight  pens.  The 
five  current  meters  were  fastened  to  a  cable  held  vertically  16  feet 
below  the  end  of  the  run.  One  meter  was  at  mid  depth  (the  depth  of 
the  lower  float),  and  the  other  four  were  arranged  two  above  and  two 
below  it,  so  as  to  divide  the  depth  into  equal  parts.  One  pen  of  the 
chronograph  recorded  the  time  of  passage  of  each  float,  two  recorded 
the  time  as  shown  by  a  chronometer,  and  the  other  five  recorded  the 
revolutions  of  the  five  meters.  From  a  table  giving  the  velocity  of 
each  float  over  each  quarter  of  the  run  and  the  velocity  shown  by  each 
of  these  meters  during  the  time  of  passage  over  these  distances  the 
following  table  has  been  prepared. 


aMcKenzie,  A.,  Report  on  Current  Meter  Obeervations,  Burlington.  Iowa,  1884. 
IBB  95—04 1 
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Comparison  of  velocity  by  double  flocUs  and  current  meters  from  measurements  by  O.  A. 
Marr  on  Mississippi  River  at  Burlington,  lovKiy  October,  1879. 


Mean  velocity  found 

Mean  velocity  found 

fnim  200-foot  run. 

from  50-foot  run. 

Number 

Difference 

Difference 

of  float. 

Float 

Meter 

Float 

Meter 

(»»■ 

(  \m). 

( V/). 

(  » m). 
-FY.  per  see. 

Ft.  per  see. 

Ft.  per  sec. 

Ft.  per  aec. 

Fl.  per  sec. 

1 
Ft.  per  arc,  ■ 

1 

2.M3 

2.604 

+0.061 

2.660 

2.597 

-0.063    ■ 

2 

2.741 

2.546 

-0.195 

2.976 

2.657 

-0.819 

3 

2.634 

2.620 

-0. 114 

2.674 

2.630 

-  0.044    , 

4 

2.446 

2.485 

-0.  on 

2.456 

2.481 

+0.025 

6 

2.860 

2.468 

-0.382 

2.847 

2.590 

-0.257 

6 

2. 672 

2.700 

+0.028 

2.778 

2.649 

-0.129 

7 

2.614 

2.645 

+0.031 

2.674 

2.484 

-0.190 

8 

2.832 

2.457 

-0.375 

2.857 

2.749 

-0.108 

9 

2.476 

2.625 

+0. 149 

2.569 

2.821 

+0.252 

10 

2.829 

2.758 
2.666 

-0.071 

3.012 

2.823 
2.648 

-0. 189 

2.654 

2.750 

In  the  foregoing  observations  the  velocity  of  a  float  was  not  iho 
same  over  each  50-fopt  length  of  the  run.  Each  velocity  given  in  the 
second  column  is  a  mean  for  the  whole  run  of  200  feet,  and  the  meter 
velocity  in  the  third  column  is  for  the  time  of  the  full  run.  Thi- 
velocity  in  the  fifth  column  is  for  the  fourth  section  of  the  run,  and 
the  corresponding  number  in  that  column  is  the  meter  velocity  for  the 
next  consecutive  and  equal  interval  of  time.  The  chief  thing  to  be 
noticed  is  that  the  float  velocity,  whether  computed  from  the  whole 
run  of  200  feet  or  from  the  shorter  run  of  50  feet,  is  greater  than  the 
meter  velocity  by  about  3.5  per  cent.  We  may  note  also  that  we  have 
here  forty  mid-depth  velocities  in  nearly  the  same  vertical  taken  in 
about  twenty-five  minutes.  For  the  ten  found  from  the  floats  on  the 
long  run  the  variations  of  velocity  from  the  mean  are  from  — 7.4  per 
cent  to  +7.8  per  cent,  and  for  the  short  run  of  50  feet  the  variations 
are  from  —9.5  per  cent  to  +10.7  per  cent.  For  the  meter  long  run 
the  variations  are  from  —7.5  per  cent  to  +12.1  per  cent,  and  for  the 
short  run  from  —6.5  per  cent  to  +6.3  per  cent. 

Individual  measurements  of  velocity  by  either  of  these  method> 
differ  much  from  the  mean,  but  the  means  b}'  the  two  method:^  differ 
little  from  each  other.  The  excess  of  mid-depth  velocity  by  double 
floats  over  that  by  meter  may  be  due  to  the  upper  float  dragging  the 
lower  one. 

henry's  experiments. 

D.  F.  Henry  also  gives  a  comparison  of  velocity  measured  with 
double  floats  like  the  one  shown  in  fig.  1  (p.  15)  and  with  current 
meter,  made  on  St.  Clair  River  in  1869.^  The  results  of  the  compari- 
son are  given  in  the  following  table: 


aJour.  Franklin  Inst.,  vol.  62,  p.  322. 
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Comparison  of  velocity  by  double  floats  and  current  meter  from  measurements  by  D,  F, 

Henry  on  i^.  Clair  River  in  1869. 


Number 
of  obser- 
vatioiUL 


60 
62 
56 
60 
54 
31 
87 
29 
12 
7 


Direction  and 

velocity  of 

wind. 


MUea  per  hour. 

3.26  up , 

1.92  up 

1.27  up 

0. 48  up 

0.29 down  ..., 

0.53  up 

0.80  up 

2. 18  down  .... 

4. 85  down 

0. 74  up 


Depth  of 

Velocity  of  current. 

observa- 

tion be- 

low rtir- 

Floats. 

Meter. 

Difference. 

face. 

FKt. 

Ft.  per  sec. 

Ft.  per  sec. 

Ft  per  sec. 

1 

3.619 

3.655 

-0.036 

5 

3.769 

3.783 

-0.024 

10 

3.703 

8.674 

+0.029 

15 

3.590 

3.516 

+0.074 

20 

3.598 

3.405 

+0. 193 

25 

3.687 

3.441 

+0.196 

30 

3.546 

8.279 

+0,267 

35 

3.566 

3.166 

+0.390 

40 

3.686 

3.142 

+0.494 

45 

3.542 

2.985 

+0.557 

It  is  seen  that  the  float  velocity  is  less  than  the  meter  velocity  to  a 
depth  of  about  6  feet.  Below  that  depth  the  float  velocity  is  greater 
than  the  meter  velocity,  the  difference  increasing  with  the  depth.  The 
discharge  as  found  with  the  floats  is  10  per  cent  greater  than  that 
found  with  the  meter.  While  the  action  o '  the  upper  float  on  the 
lower  float  mav  not  account  for  all  the  difference  between  the  float 
and  meter  velocities,  it  will  account  for  some  of  it.  The  velocity  as 
shown  by  the  vertical  velocity  curve  increases  from  the  surface  to  a 
depth  of  from  6  to  10  feet  and  then  decreases  to  the  bottom.  The  sur- 
face float  will  therefore  move  more  slowly  than  the  lower  float  for 
depths  of  from  0  to  5  or  10  feet,  and  hence  the  lower  float  will  be 
retarded  by  the  upper  float  to  that  depth.  For  depths  greater  than 
10  feet  the  upper  float  will  move  faster  than  the  lower  float  and  will 
drag  it,  and  the  velocity  shown  will  be  too  large. 

Henry  gives  also  a  comparison  of  velocity  as  found  with  double 
floats  and  current  meter  in  a  small  canal  at  Ogdensburg,  N.  Y. «  The 
floats  were  run  over  a  distance  of  200  feet  at  3  feet  below  the  surface, 
the  time  being  recorded  on  a  chronograph.  The  current  meter  was 
held  at  the  same  depth  at  the  middle  of  the  run.  The  results  are  as 
follows: 

Comparison  of  velocity  by  double  floats  and  current  meter  from  measurements  made  by 
D,  F.  Ilenry  in  small  canal  at  Ogdensburg j  N.  I'.,  S  feet  below  surface. 


Number 
of  obser- 
vations. 

Velocity. 

Floats. 

Meter. 

Difference. 

24 

6 

6 

Ft.  Iter  sec. 
1.992 
1.876 
1.476 

Ft.  per  sec. 
1.9W) 
1.916 
1.434 

Ft.  per  sec. 
-0.012 
+0.040 
-0.042 

These  results  indicate  that  although  the  mean  of  a  few  float  obser- 
vations may  differ  much  from  the  corresponding  meter  velocity,  the 
means  for  thirty  or  forty  observations  differ  little.  The  meter  gives 
a  little  less  velocity  than  the  floats. 


a  Jour.  Franklin  Ins!    >ol.  62,  p.  259. 
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Henry  also  gives  a  comparison  of  velocity  found  with  floats  and  a 
propeller  meter  in  St.  Clair  River.  The  lower  float  was  1  foot  below 
the  surface,  and  the  meter  was  held  at  the  same  depth.  The  mean 
velocity  given  by  50  floats  was  3.619  feet  per  second;  that  b3'  meter 
was  3.655  feet  per  second,  or  0.036  foot  per  second  greater  than  bv 
floats.  There  was  a  light  wind  blowing  upstream,  which  may  have 
retarded  the  floats  somewhat. 

Gordon's  experiments. 

In  1873  Gordon  made  comparisons  of  the  discharge  of  the  Irawadi 
River  at  Saiktha,  Burma,  as  measured  with  double  floats  and  with 
current  meter.  From  these  he  concluded  that  the  double-float  dis- 
charge was  about  10  per  cent  too  large.  He  therefore  reduced  all 
discharges  found  with  double  floats  b}^  that  amount. 

FLOAT  RODS  AND  CURRENT  METERS. 


NEW  YORK   STATE   CANAL   SURVEY   EXPERIMENTS. 

During  the  progress  of  the  New  York  State  canal  survey  of  TJ^"' 
comparative  discharge  measurements  were  made  on  four  occasions  for 
the  purpose  of  comparing  the  discharge  of  the  canal  as  found  by  one 
rod-measuring  party  with  that  found  by  another  party  using  similar 
rods  and  methods,  and  of  comparing  the  discharge  found  with  rod-* 
with  that  found  simultaneously  with  a  current  meter.  The  i-esults  of 
the  comparisons  are  summarized  in  the  following  table: 

Comparison  of  results  of  experiments  of  New  York  State  canal  survey  during  the  fumtth  -^ 

of  1900. 


Place. 


Date 


1900. 

Lockport Sept.  11 

RocheBter '   Sept.  20 

Do I   Sept.21 

Do do... 

Do I do... 

Boonville i   Sept.  25 

Do i....do... 

Do do... 

Glens  Falls I   Oct.     8 

Do ....do... 


['" 


r 


Ft.fter 
sec. 


0.893 


1.073 


0.821 
0.766 


Ft.  per 
sec. 
1.440 
0.704 
0.8JU 
0.889 
0.899 
0.813 
0.850 
0.886 
0.690 
0.  ti40 


Vm 

Q'r 

Ft.])cr 

Cu.ft. 

8i'C. 

per  »ec. 

1.531 

0.736 

297.82 

0.929 

0.939 

227.22 

1.079 

1.111 

i(>4. 73 

149.66 

Q"r 

Qm 

Oil. /I. 
per  sec. 
805.70 

Cu.Jl. 

per  sec. 

799.85 

251.57 

316.83* 
317.54 

Pa-  ci. 

Perct. 

235.12 
302.04 
301.35 
307.08 

— T.  .V 

-1.41 

•**•••      • 

—  A.  * 

227.51  ' --. 

-0.13 

238.81 
233.54 
172. 77 
158.57 

228,66 
234.70 
161.50 
155.23 

. 

•          —  t     -' 

*-4."88* 
-5.92 

"■fi'94 
-3.72 

1      -  -  .L  *.'' 
i      -4-  K.  '•>. 

1 

V,=mean  veloeity  found  by  party  No.  1,  with  rods. 
P'j^mean  velocity  found  by  party  No.  2,  with  rods. 

T'n,=mean  velocity  found  with  meter,  usbig  six -tenths-depth  method. 

Q',=diacharge  found  by  party  No.  1,  with  rods. 
(^",= discharge  found  by  party  No.  2,  with  rods. 

Q„,=discharge  found  with  meter,  using  six-tenths-depth  method. 

The  Lockport  experiments  were  made  on  the  Erie  Canal  about  1 
mile  above  the  locks  at  Lockport,  in  a  rock  cut  with  rough,  nearly 
vertical  sides.     The  meter  measurements  were  made  700  feet  above 
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the  place  where  the  discharge  was  measured  with  rods.  The  observa- 
tions extended  over  a  period  of  thirty-four  minutes,  during  which 
time  60  rods  were  passed  over  a  run  of  21  feet,  with  an  immersion  of  80 
to  90  per  cent  of  the  depth,  and  13  meter  observ^ations  of  fifty  seconds 
each  were  made  at  six-tenths  depth  below  the  surface.  There  was  no 
measurable  fluctuation  of  surface  level  during  the  test. 

The  Rochester  experiments  were  made  on  the  Rochester  Aqueduct, 
which  has  smooth  and  nearly  vertical  sides.  The  width  was  43  feet 
and  the  depth  7.5  feet.  The  flow  was  undisturbed  for  a  half  mile 
above  the  section  of  measurement,  but  there  was  a  sharp  curve  less 
than  100  feet  below  the  point  where  the  lower  rod-measuring  party 
was  stationed.  In  the  first  comparison  of  rods  with  meter,  September 
20,  the  period  of  observation  was  forty-two  minutes;  64  rods  were 
passed  over  a  20-foot  run  with  92  per  cent  depth  of  immersion;  19 
meter  observations  of  fifty  seconds  each  were  made  by  the  six-tenths- 
depth  method;  the  surface  level  fluctuated  0.05  foot  during  the  obser- 
vations, and  rain  interfered  somewhat  with  the.  work.  In  the  first 
rod  comparison,  September  21,  the  observations  extended  over  a 
period  of  sixty-five  minutes;  79  rods  were  passed  by  party  No.  1,  with 
a  depth  of  immersion  of  from  90  to  97  per  cent,  and  100  rods  by  party 
No.  2,  with  a  depth  of  immersion  of  92  per  cent.  In  the  first  rod- 
and-meter  comparison  of  September  21  the  period  of  observation  was 
forty -two  minutes;  92  rods  were  passed  by  party  No.  2,  with  90  per 
cent  depth  of  immersion,  and  36  meter  observations  of  fifty  seconds 
each  were  taken  by  the  six-tenths  depth  method.  In  the  second  rod- 
and-meter  comparison  the  period  of  observation  was  forty  minutes;  80 
rods  were  passed,  with  92  per  cent  depth  of  immersion,  and  36  meter 
observations  of  fifty  seconds  each  were  made  at  six-tenths  depth. 

The  Boonville  comparisons  were  made  on  the  Black  River  Canal  at 
Boonville,  where  the  top  width  of  the  canal  is  43  feet,  with  gradual 
sloping  sides,  and  a  maximum  depth  at  center  of  7.7  feet.  There  was 
an  unobstructed  flow  for  at  least  one-fourth  mile  above  and  one-half 
mile  below  the  place  selected.  The  parties  were  stationed  about  200 
feet  apart.  There  was  practically  no  water  entering  or  leaving  the 
canal  between  these  points.  In  the  rod  comparison,  which  lasted  one 
hundred  and  forty-four  minutes,  with  some  interruptions,  185  rods 
were  passed  over  a  20-foot  run  by  party  No.  1,  and  143  rods  by  party 
No.  2.  In  the  first  meter  comparison,  which  lasted  fifty-eight  min- 
utes, 55  rods  were  passed  and  36  meter  observations  were  made  at  six- 
tenths  depth.  In  the  second  meter  comparison,  which  lasted  fifty- 
three  minutes,  77  rods  were  passed  and  42  meter  observations  of  fifty 
seconds  each  were  made  by  the  six-tenths-depth  method. 

The  Glens  Falls  comparisons  were  made  on  the  Glens  Falls  feeder, 
near  Glens  Falls.  At  the  place  selected  for  the  tests  the  feeder  is  32 
feet  wide  and  6  feet  deep,  with  nearly  vertical  sides.     There  is  a  bend 
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in  the  feeder  about  100  feet  above  the  upper  place  of  measurement, 
and  another  about  1,000  feet  below  the  lower  place  of  measurement 
The  meter  measurements  were  made  from  a  bridge  about  100  feet 
from  each  of  the  points  where  the  rod  measurement8  were  ntiade.  Thf 
first  comparison  lasted  seventy-six  minutes,  during  which  time  pany 
No.  1  passed  56  rods,  party  No.  2  passed  90  rods,  and  28  meter  observa- 
tions of  fifty  seconds  each  were  made.  In  the  second  comparison, 
which  lasted  fifty-eight  minutes,  party  No.  1  passed  63  rods,  party 
No.  2  passed  108  rods,  and  28  meter  observations  of  fifty  seconds  each 
were  made. 

The  method  of  making  these  comparisons  is  the  same  as  that  uv-d 
in  the  canal-discharge  measurements,  which  is  described  on  page^ 
16,  17. 

The  Rochester  and  Glens  Falls  comparisons  are  not  so  satisfactory 
as  those  at  Lockport  and  Boonville.  In  the  former  the  measurement^ 
were  made  too  near  a  curve.  The  large  variation  in  the  time  of  run 
of  the  individual  rods  indicates  this  fact,  and  surface-level  fiuetuH 
tions  and  passing  boats  interfered  somewhat  with  the  work.  There  i^ 
a  possibility  of  leakage  from  the  feeder  between  the  points  of  nieits 
urement  at  Glens  Falls.  No  leakage  was  visible  on  the  surface,  hut 
there  is  a  large  amount  of  leakage  not  far  distant  from  the  place  of 
measurement.  The  measurements  there  indicate  a  gradual  loss  from 
the  upper  to  the  lower  point  of  measurement. 

The  results  of  the  rod  comparisons  agree  more  closely  than  those  of 
meter  with  rods.  It  must  not  be  concluded  from  the  Rochester  com- 
parisons that  because  the  rod  discharges  agree  closely  and  the  niet**r 
discharge  differs  fi-om  the  rod  discharge  7  per  cent  this  error  is  all 
due  to  the  meter.  The  two  sets  of  velocity  measurements  obtaimni 
with  the  meter  during  this  comparison  agree  closely,  whereas  the  timt 
of  run  of  the  individual  rods  differs  considerably.  At  least  half  of  thi< 
difference  is  due  to  errors  in  the  rod  discharge  measurements. 

FLOAT  RODS  AND  WEIR. 
FKANCIS'a   EXPERIMENTS. 

In  1856  J.  B.  Francis  compared  the  discharge  of  a  canal  at  Lowell. 
Mass.,  as  found  with  float  rods  with  that  shown  bv  a  standard  weir. 
This  wooden  canal  or  flume  was  27.75  feet  wide  where  the  tirst  »i 
experiments  were  made  and  14  feet  wide  where  the  remaining  j: 
experiments  were  made.  The  length  of  run  was  70  feet,  with  a  start- 
ing run  of  28  feet.  The  time  of  run  was  obtained  to  a  tenth  of  a  settMt . 
and  the  depth  to  0.0001  foot.  Every  precaution  was  taken  to  ohtair 
accurate  results.     The  floats  were  tin  tubes,  2  inches  in   diameter. 

ciFniiicIs,  .].  R.,  Lowell  llydrniilie  Exporimeiits,.]).  170. 
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loaded  at  the  lower  end  so  as  to  float  upright.  They  were  put  in  the 
water  at  each  foot  of  width  of  the  canal,  and  the  time  of  run  was 
recorded  on  a  chronograph.  The  observed  velocities  were  plotted  on 
cross-section  paper  and  a  mean  curve  was  drawn  among  the  points 
showing  change  in  velocity  from  one  side  of  the  canal  to  the  other. 
The  mean  velocity  in  the  cross  section  was  found  from  this  curve  by 
dividing  the  velocity  area  by  the  width.  The  variation  of  the  observed 
velocities  of  individual  rods  from  the  velocity  curve  was  from  8.57 
per  cent  above  to  11.4:  per  cent  below  this  curve  in  experiment  No.  1. 
The  rods  used  were  not  all  of  the  proper  depth  of  immersion,  and 
Francis  derived  the  following  formula  for  computing  the  correct  dis- 
charge: ^"=^'[l-0.116(x/Z*-0.1)J,  in  which  Q'  is  the  measured 
discharge  and  D  the  depth  of  water  in  the  flume  less  the  depth  of  the 
immersed  part  of  the  rod,  divided  by  the  depth  of  water  in  the 
flume.  After  applying  this  formula  he  found  that  the  variation  of 
the  rod  discharge  from  the  weir  discharge  for  the  115  experiments  is 
as  follows:  For  9  it  is  less  than  0.1  per  cent,  for  79  it  is  less  than  1 
per  cent,  for  23  it  is  from  1  per  cent  to  1.9  per  cent,  for  2  it  is  from 
2  per  cent  to  2.9  per  cent,  and  for  1  it  is  3.69  per  cent.  The  mean 
velocity  in  these  experiments  varied  from  0.5  foot  to  5  feet  per  second. 

CORNELL   UNIVERSITY   EXPERIMENTS. 

At  the  close  of  the  field  work  of  the  New  York  State  canal  survey 
of  1900  a  series  of  experiments  was  made  at  the  hydraulic  laboratory 
of  Cornell  University  for  the  purpose  of  comparing  discharge  as  found 
with  rods  and  current  meter  on  the  canals  with  that  shown  bv  the 
Cornell  standard  weir.  These  experiments  were  planned  by  the  con- 
sulting engineer  of  the  New  York  State  canal  survey,  Mr.  E.  Kuich- 
ling,  and  were  carried  out  under  the  direction  of  Prof.  G.  S.  Williams, 
in  charge  of  the  hydraulic  laboratory,  by  the  writer  and  by  Mr.  W.  P. 
Boright,  C.  E.,  assisted  by  members  of  the  class  in  hydraulics. 

The  surface  level  of  the  sections  of  the  canals  fluctuates  rapidly  on 
account  of  lockage  of  boats  and  irregular  feed  of  water  to  lower  sec- 
tions. It  was  therefore  necessary  to  make  discharge  measurements 
rapidly  and  to  make  short  runs  and  starting  runs.  The  depth  of  water 
in  the  different  sections  varied  from  5  to  10  feet  at  the  center,  so  that 
the  immersed  portion  of  the  rods  used  varied  from  75  per  cent  to  95 
per  cent  of  the  depth  of  the  water.  The  mean  velocity  varied  from 
nearly  2  feet  per  second  west  of  Lockport  to  0  on  the  summit  levels. 
In  the  laboratory  experiments  the  conditions  were  duplicated  as  closely 
as  possible  and  the  work  was  performed  in  the  same  way  as  on  the 
canals,  so  that  the  results  of  the  comparisons  give  a  fair  idea  of  the 
accuracy  of  the  discharge  measurements  of  the  State  canals  and  feeders. 

PI.  II  shows  the  laboratory  canal  and  the  observers  employed  in 
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making  the  te^ts.     A  description  of  the  laboratoiy  and  of  the  methcic 
of  obtaining  standard  weir  discharge  will  be  found  on  pages  6<>  to  ^k 
The  gates  at  the  head  of  the  canal  were  opened  until  the  head  on  the 
weir  w^as  such  as  to  give  the  desired  discharge;  then  the  slits  in  the 
bulkhead  and  the  height  of  the  gates  at  the  lower  end  of  the  canal 
were  adjusted  so  as  to  give  the  desired  depth  of  water  in  the  channel. 
As  soon  as  the  flow  became  steady  three  parties  began  measuring  tht 
discharge  of  the  canal,  one  with  rods  and  two  with  current  meters. 
Two  series  of  rods  were  used,  one  of  75  per  cent  depth  of  ininiersioD. 
the  other  of  90  per  cent  depth  of  immersion,  the  former  lettered,  the 
latter   numbered,   so   that  they  could  easily  be  recognized  as  tbey 
passed  under  each  wire.     The  lengths  of  the  run  and  of  the  startiof 
run  were  the  same  as  in  the  canal  work,  being  from  25  to  7  feet  for 
the  former  and  from  10  to  8  feet  for  the  latter,  depending  on  the 
velocity.     The  number  of  rods  used  in  an  experiment  varied  from 
50  to  150.     Meter  party  No.  1  measured  the  discharge   by  the  six- 
tenths-depth  and  the  integration  methods,  and  then  assisted  the  roil- 
measuring  party,  four  stop   watches   being  used  and   the   number 
of  rods  run  in  a  given  time  nearly  doubled.     During  each  experi- 
ment the  head  on  the  weir,  the  depth  of  water  in  the  canal,  and  tbf 
slope  of  the  surface  were  read  every  thirty  seconds  and  were  checked 
occasionally  by  readings  of  the  hook  gage.     The  time  of  run  of  earh 
rod  was  platted  on  stjuared  paper,  using  distance  from  side  of  canal 
as  abscissae  and  time  of  run,  in  seconds,  as  ordinates,  and  a  mean 
time  curve  was  drawn  among  them.     The  length  of  run  divided  by 
the  mean  ordinate  of  this  curve  gave  the  mean  velocity,  which  mul- 
tiplied by  the  cross-sectional  area  gave  the  discharge.     The  result- 
of  this  rod-and-weir  discharge  comparison  are  given  in  the  following 
table: 
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ComjMirigon  of  float-rod  and  weir  velocity  and  discharge  measurementu  at  Cornell  hydraulic 

lahoratory. 


Date. 


a 

o 

® . 


1900. 

October24 

Do 

Cu.Jl. 
214.5^ 
140. 514 

Do 

71.670 

Do 

38.308 

October  26 

Do 

October27 

Do 

Do r 

178. 558 

125.298 

61.272 

30.089 

196.387 

Do 

132. 408 

Do 

91.056 

Do 

60.309 

OctoberSl 

Do 

198.258 
125. 299 

October29 

November  1 

65.287 
31.140 

Rod  gagings  in  laboratory  canal. 


2 
?  • 

eg 


Feet. 
1.428 
0.945 
0.484 
0.269 
1.473 
1.033 
0.510 
0.254 
1.083 
1.308 
0.910 
0.635 
1.475 
0.930 
0.486 
0.235 


Feet. 
9.356 
9.253 
9.222 
8.789 
.7/543 
7.549 
7.471 
7.376 
6.163 
6.299 
6.228 
5.847 
8.365 
8.393 
8.a56 
8.265 


Immersion,  75 
per  cent. 


Immersion,  90 
per  cent. 


Ve- 
locity 
per 
sec- 
ond. 


FcH. 
1.422 
0.962 
0.490 
0.276 
1.510 
1.080 
0.530 
0.266 
2.067 
1.363 
0.953 
0.555 
1.587 
0.958 
0.512 
0.249 


Dis- 
chaige 

per 
second. 


Ve- 
locity 
per 
sec- 
ond. 


Ou.ft. 

213.674 

142.966 

72.621 

38.990 

183.185 

131.000 

63.658 

81.543 

204.695 

137.956 

96.372 

52. 176 

206.554 

129. 174 

68.766 

33.043 


Feet. 


Dis- 
cbarge 

per 
second. 


Cu.fl. 


0.949 
0.476 
0.272 
1. 525 
1.058 
0.520 
0.255 
2.044 
1.341 
0.944 
0.549 
1.507 


0.601 
0.242 


141.034 

70.546 

38.425 

184.882 

128.332 

62.457 

30.239 

202.407 

135.730 

94.471 

51.612 

202.523 


Error  of  dis- 
charge re- 
ferred to 
standard  weir. 


75  per 
cent 
im- 
mer- 
sion. 


67.288 
82.114 


Perct. 
+0.43 
-1.74 
-1.83 
-1.78 
-2.69 
-4.55 
-8.89 
-4.88 
-4.23 
-4.19 
-4.74 
-3.71 
-4.18 
-3.09 
-5.83 
-6.11 


90  per 
cent 
im- 
mer- 
sion. 


Mean  error 

of  dis- 
charge re- 
ferred to 
standard 
weir. 


75  per 
cent 
im- 


90  per 

cent 

im- 


mer-   mer- 
slon. ,  slon. 


Perct.    P.ct.   P.ct. 


-0.37 
+  1.57 
-0.31 
-3.52 
-2.42 
-1.93 
-0.50 
-3.06 
-2.51 
-3.64 
-2.59 
-2.15 


-3.07 
-3.13 


1.32 


3.96 


-4.22 


4.68 


3.54 


0.76 


2.09 


2.95 


2.78 


2.14 


It  is  seen  that  the  discharge  obtained  with  the  rods  is  larger  for  all 
depths,  velocities,  and  percentage  depths  of  immersion  than  the  cor- 
responding weir  discharge,  except  in  two  cases.  The  greatest  varia- 
tion from  the  weir  discharge  is  6.11  per  cent  for  the  75  per  cent  depth 
of  immersion  and  3.64  per  cent  for  the  90  per  cent  depth  of  immer- 
sion. This  variation  from  the  weir  discharge,  or  error,  increases  as  the 
depth,  velocity,  and  depth  of  immersion  decrease.  The  mean  error 
for  all  depths  and  velocities  is  3.54  per  cent  for  the  75  per  cent  depth 
of  immersion  and  2.14  per  cent  for  the  90  percent  depth  of  immersion. 
The  greatest  variations  from  these  means  are  +1.14  per  cent  and 
—2.22  per  cent  for  the  75  per  cent  depth  of  immersion  and  +0.81  per 
cent  and  —1.39  per  cent  for  the  90  per  cent  depth  of  immersion,  a 
range  of  3.4  per  cent  in  the  former  and  2.2  per  cent  in  the  latter. 
From  the  last  two  columns  is  seen  the  extent  to  which  the  error 
increases  as  the  depth  decreases. 

It  is  to  be  expected  that  the  rod  discharge  will  be  greater  than  that 
of  the  weir,  especially  for  the  75  per  cent  depth  of  immersion,  for  as 
the  rods  do  not  extend  to  the  bottom  they  are  not  affected  by  the  bot- 
tom layers  of  slowly  moving  water,  and  hence  move  faster  than  the 
mean  velocity.  By  applying  Francis's  correction  formula  (p.  55)  to 
these  results  others  will  be  obtaiaed  agreeing  more  closely  with  those 
shown  by  the  weir.  It  will  be  shown  further  on  (p.  93)  that  the  weir 
discharges  used  in  these  experiments  and  computed  from  Bazin's 
formula  are  probably  too  small  by  from  0.5  per  cent  to  2.5  per  cent, 
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the  former  for  a  head  on  weir  of  1  foot,  the  latter  for  a  head  of  2.!> 
feet.  When  these  two  sets  of  corrections  are  applied  it  will  he  fouti-i 
that  the  rod  discharge  is  correct  to  within  about  2  per  cent.  Thi* 
degree  of  accuracy  is  only  attained,  however,  by  many  observation^, 
equivalent  to  six  or  twelve  gagings,  with  the  rods  started  2  feet  apan 
from  side  to  side  of  canal." 

CURRENT  METER  AND  WEIR. 
FTELEY   AND   STEARNS'S  EXPERIMENTS. 

Fteley  and  Stearns  have  made  some  comparisons  of  the  discharge  of 
the  Sudbury  conduit  as  obtained  by  weir  measurement  and  by  current 
meter.*  The  weir  was  of  the  sharp-crpsted  type,  19  feet  long,  and  wa^ 
located  at  the  head  of  the  conduit.  The  flow  to  it  was  controlled  U 
rectangular  gates,  which  were  changed  slightly  from  time  to  time  ^h) 
as  to  keep  the  head  on  the  weir  constant.  The  current-meter  measure- 
ments were  made  from  a  manhole  in  the  conduit  6,(XH)  feet  below  the 
weir.  The  meter  used  was  a  Fteley  like  that  shown  in  lig.  5,  p.  ±i. 
Two  methods  of  operating  the  meter  were  employed,  viz,  the  point  anJ 
the  integration.  When  the  point  method  was  iLsed  the  meter  ^a> 
held  for  thirty  seconds  at  several  points  in  the  cross-sectional  area, 
depending  on  the  depth.  For  the  greatest  depth  of  4.5  feet  the  num- 
ber of  points  of  observation  was  167.  The  rate  of  moving  the  nieU'r 
while  integrating  was  from  0.1  foot  to  1  foot  per  second.  The  result> 
for  the  8- vane  meter  are  Jis  follows: 

Comparwon  qf  discharge  measured  with  8-vane  Fteley  meter  and  oKer  weir. 


Number 

No.  of 

of  com- 

experi- 
ment. 

pansons 
Included 

in  experi- 

1 

ment. 

1 

2 

2 

3 

1 

4 

1 

6 

1 

6 

1 

7 

S 

8 

3 

9 

8 

10 

3 

11 

6 

12 

4 

13 

4 

14 

4 

15 

16 

IG 

15 

17 

20 

18 

3 

19 

4 

20 

7 

Rate  of  in- 
tegration. 


0 

0 

0 

0 

0 

0 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.5 

0.5 

1.0 

0.1 

0.5 

1.0 


Depth  of 

center  of 

meter 

from 

8urfa(>e. 


Feet 
1.6 
2.0 
3.0 
4.0 
4,5 
3.0 
1.5 
2.0 
2.5 
3.0 
3 
4 
4 
2 


2.6 
3.5 
3.5 
3.0 
3.0 
3.0 


Ratio  of 
8peed  of 
meter  to 
8peed  of 
water. 


0 

0 

0 

0 

0 

0 

0.055 

0.047 

0.042 

0.039 

0.037 

0.035 

0.084 

0.OI2 

0.211 

0. 185 

0.369 

0.058 

0.292 

0.585 


Mean  Te- 
locity of 
water. 


Variation 
of  metor  . 
diM'hargo  ! 
fn>m  weir  ' 
discharge. 


Ft. 


per  ftec. 
1.83 
2. 13 
2.56 


Ik:r  cent. 

+1.2 

0.0 

+ai 


2.83 

fO.l     1 

2.93 

-0.4    t 

1.71 

-0.2 

1.83 

+0.8     , 

2.13 

fO.l 

2.37 

-0.6    1 

2.66 

-0.2 

2.71 

-O.l 

2.83 

-0.5 

2.93 

-O.H 

2.37 

-»-0.2 

2.37 

-3.6 

2.71 

-l.S 

2.71 

"6. 5 

1.71 

-l.O 

1.71 

-4.5 

1.71 

-9.4 

n  See  also  pp.  90-93. 

ft  Trans.  Am.  Soc.  Civ.  Kng.,  vol.  12,  p.  301. 
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The  results  of  experiments  Nos.  2  to  6  show  a  remarkably  close 
agreement  between  measurements  by  this  meter  and  those  over  the 
weir.  The  length  of  an  observation,  thirty  seconds,  was  too  short  to 
give  a  good  average  indication  of  the  velocity.  The  discharge  varied 
somewhat  during  the  experiment.  The  depth  of  water  in  the  conduit 
being  small,  any  error  in  the  depth  must  have  introduced  considerable 
error  in  the  rasult.  We  would  not  expect,  therefore,  so  close  an  agree- 
ment, which  appears  all  the  more  remarkable  when  it  is  seen  from  the 
following  table  that  the  discharge  shown  by  two  weirs  may  diflfer  b}^ 
3  per  cent: 

Vdlues  of  m  in  formula  Q  =  mlh  \/  ^ghy  an  found  hy  Bazin  (itul  by  Fleley  and  SteamHJ* 


Head  on 
weir  (A). 


VttlucH  of  m. 


I 


^'^i^Z^   »-'■' 


mx—nif 


(»».). 


(in,). 


till— wig 


Meters. 

Metem. 

0. 1424 

0.4149 

0.1969 

0.4166 

0.2497 

0.4191 

0.3006 

0.4218 

0.3530 

0.4247 

0.3967 

0.4272 

0.4434 

0.4296 

0.4888 

0.4323 

Meirrti. 
0.4290 
0.4263 
0.4259 
0.4266 
0.4276 
0.4285 
0.4295 
0.4310 


Meter*. 

Per  cent. 

0.0141 

3.29 

0.0097 

2.28 

0.0068 

1.60 

0.0048 

1.12 

0.0029 

0.68 

0.0013 

0.33 

0.0001 

0.02 

-0.0013 

-0.33 

«  Annales  de«  poiitH  ct  chauwk^CH,  mi'moiruH  <»t.  doriimente,  1888,  p.  416. 

It  is  seen  that  for  heads  on  the  weir  of  from  0.5  foot  to  1  foot  the 
variation  in  m  is  from  3  to  1  per  cent. 

KXPKROIENTS  AT  CORNKLt.  ITNIVKRHITY  IIYDRAUT^IC 

liABORATORY. 

INTRODUCTION. 


The  results  of  numerous  weir,  current-meter,  and  other  experiments 
hy  the  writer  at  the  Cornell  hydraulic  laboratory  are  discussed  in 
detail  on  the  following  pages;  also  the  application  of  the  results  to 
ordinary  river  gaging  and  the  general  conclusions  reached  from  these 
recent  studies  and  investigations. 

The  investigation  was  begun  by  the  writer  in  May,  19(X),  while  a 
fellow  in  civil  engineering  at  Cornell  University.  It  was  interrupted 
from  July  1  to  December  4  of  that  year,  on  account  of  the  New  York 
State  canal  survey,  in  which  the  writer  participated,  and  agiiin  from 
December  9  to  April  1,  on  account  of  freezing  weather,  and  was  com- 
pleted in  May,  1901.  Its  object  was  to  compare  the  discharge  of  the 
Cornell  University  experiment  canal  as  obtained  with  a  sharp-crested 
weir  with  that  obtained  from  current  meters  operated  by  different 
methods,  and  thus  determine  the  accuracy'  of  velocity  and  discharge 
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obtained  by  current- meter  methods.     The  scarcity  of  metei*s  available 
for  the  work,  the  lack  of  ready  facilitiCvS  for  frequent  testing  and  rar 
ing  of  the  meters  used,  and  the  scarcity  of  water  during  the  tir-i 
months  of  the  investigation  render  the  results  somewhat  less  valuai*! ' 
than  they  otherwise  would  be. 

The  writer  takes  this  occasion  to  acknowledge  his  indebtedne:^^  to 
Mr.  F.  11.  Newell,  chief  hydrographer  of  the  United  States  Geolojri«  m^ 
Survey,  for  his  hearty  cooperation;  to  Prof.  E.  A.  Fuertes,  dirt»r:.,r 
and  dean  of  the  College  of  Civil  Engineering,  Cornell  University,  fr 
the  use  of  the  hydraulic  laboratory  and  a  chronograph,  eomputiui: 
machine,  current  meter,  and  electric  register,  and  for  kindly  inten-t 
in  the  work;  to  Prof.  Gardener  S.  Williams,  in  charge  of  the  hydrauli 
laboratory,  for  many  valuable  suggestions  and  for  the  use  of  a  chart 
for  converting  head  on  the  Cornell  University  standard  weir  int'> 
cubic  meters;  also  to  Mr.  C.  E.  Torrance,  scholar  in  civil  engineerinj:. 
to  members  of  the  senior  class  in  civil  engineering,  and  to  Mr.  C.  H. 
CavSs,  assistant  mechanician  of  the  college,  for  their  cheerful  assistano . 

DESCRIPTION  OF  CORNELL  HYDRAULIC  LABORATORY. 

The  Cornell  hydraulic  laboratory  consists  evssentially,  as  shown  in 
Pis.  II,  III,  and  IV  and  fig.  15,  of  a  canal  16  feet  wide,  10  feet  dcM^i. 
and  415  feet  long,  with  concrete  bottom  and  sides  and  with  a  JhmI 
slope  of  1  foot  in  500.     There  are  six  rectangular  gate^*  at  the  up;**: 
end  for  controlling  water  entering  the  canal  and  four  gates  near  (!:» 
lower  end,  two  on  each  side,  for  controlling  the  depth  of  water  in  ih* 
canal.     Fifty-nine  feet  below  the  entrance  gates  is  a  bulkhead  about 
10.5  feet  high  built  of  12-inch  b}'  12-inch  timbers.     On  the  top  of  thi--, 
or  11.1  feet  above  the  bottom  of  the  canal,  is  fastened  a  steel  anLil* 
iron  3.5  inches  by  5  inches  by  16  feet  long,  with  edges  five-sixteenti> 
inch  thick,  which  forms  the  standard  sharp-crested  weir.     The  low* : 
end  of  the  canal  is  closed  with  12-inch  by  12-inch  timbers,  which  i-ir 
be  moved  up  or  down  if  desired,  so  as  to  allow  the  water  to  j)ass  m:: 
of  the  canal  at  the  end  instead  of  under  the  side  gates.     In  the  upp?* 
chamber  are  two  sets  of  baffles  for  checking  the  velocity  of  the  wat*-: 
after  it  passes  under  the  entrance  gates.     One  of  these  is  7.4  fr. : 
from  the  gates  and-is  made  of  4:-inch  by  12-inch  timbers  placed  h^-n 
zontally,  with  the  wide  face  toward  the  current  and  spaced  from  ^  h 
12  inches  apart.     On  the  upper  side  of  these  timbers  are  1-inch  ^  v 
6-inch  strips,  fastened  diagonally  and  spaced  12  inches  from  centt^r  t. 
center.     The  second  baffle  is  about  6.5  feet  below  the  first  one  and  i- 
similar  in  construction,   except  that  the  1-inch  by  6-inch  strips  an 
placed   vertically   and   are  spaced   10  inches  from  center  to  cent*". 
Twenty-eight  feet  below  the  weir  is  a  baffle  made  of  1-inch  by  H-in  i 
strips  placed  8  inches  from  center  to  center,  with  the  narn)w  >i  it 
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toward  the  current.  To  still  further  quiet  the  waters  after  passing 
the  weir,  when  the  depth  is  small  and  the  velocity  large,  a  second 
baffle  was  constructed  of  1-inch  by  6-inch  pieces  placed  vertically, 
spaced  2  inches  from  center  to  center,  and  fastened  on  the  upper  side 
of  the  baffle  just  described. 

Air  is  admitted  under  the  falling  sheet  of  water  through  12-inch  by 
lO-inch  passages  in  the  concrete,  one  on  each  side  of  the  weir.  The 
head  of  the  weir  and  the  depth  of  water  in  the  canal  are  measured  by 
piezometers  and  a  hook  gage.  As  rough  checks  on  these  readings 
gage  boards  and  a  dial  gage  were  occasionally  read.  The  piezometer 
for  giving  the  head  on  the  standard  weir  is  formed  of  three  1-inch  pipes 
(P,  I\  P,  fig.  15)  perforated  for  3  feet  of  their  length  with  i-inch 
holes  0  inches  apart  around  the  pipes.  These  are  placed  27  feet 
upstream  from  the  weir,  with  their  axes  pai'allel  with  the  axis  of  the 
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PLAI* 

Fio.  15.— Plan  and  elevation  of  Cornell  University  experiment  canal. 

canal,  4  feet  from  the  bottom,  and  each  connected  to  a  pipe  which 
extends  down  the  south  side  of  the  canal  to  a  point  opposite  the  gage 
house.  From  this  point  it  is  carried  across  the  canal  along  the  bot- 
tom and  up  into  the  gage  house  and  is  connected  to  a  glass  tube  by  a 
I'ubber  hose.  The  tube  is  fastened  to  a  scale  marked  to  2  mm.  spaces. 
The  canal  piezometers  are  similar  to  those  of  the  weir,  but  have  only 
one  entrance  pipe,  which  is  in  the  center  of  the  canal.  The  surface 
elevation  of  the  water  was  read  with  the  hook  gage  at  the  three  points 
in  fig.  15  marked  "Standard  weir  bolt,"  "Croton  bolt,"  and  "  Canal 
bolt,"  the  elevation  of  each  of  which  is  known.  The  dial  gage  and 
the  board  gage  G'  show  approximately  the  head  on  the  standard  weir 
in  feet  and  hundredths  and  enable  the  man  operating  the  gates  to 
keep  a  nearly  constant  head.  A  board  gage  ( G**)  opposite  the  "  Croton 
bolt"  {CB)  shows  approximately  the  depth  of  water  in  the  canal. 
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SCOPE  OF  EXPERIMENTS. 

The  experiments  naturally  divide  themselves  into  five  groups,  whiiL 
we  have  called  series  A,  B,  C,  D,  and  E.  The  experiments  of  serif- 
A  were  made  at  a  section  168  feet  below  the  standard  weir  and  75  fit  t 
upstream  from  a  model  of  the  Croton  dam  the  height  of  which  wa>  t; 
feet  and  the  upstream  face  of  which  had  a  gradual  slope  and  exteinl: -i 
to  within  29  feet  of  the  meter  station.  This  model  dam  formed  a  p-^l 
above  it  at  the  meter  station  and  gave  a  zero  velocity  for  6  feet  depth 
of  water.  The  range  of  depths  and  velocities  was  therefore  sniuF.. 
The  water  surface  during  the  experiments  was  smooth,  without  boilini: 
or  swirls,  with  most  of  the  foam  made  by  the  water  falling  overtlj' 
weir  moving  down  in  two  parallel  lines  3  or  4  feet  from  each  ?<i(lf. 
Three  current  meters  were  used  in  this  series  of  experinientii?,  viz, 
large  Price  meter  No.  88,  small  Price  meter  No.  351,  and  the  Corihl. 
University  Fteley  meter.  The  latter  was  always  held  with  a  rod,  the 
small  Price  meter  with  a  cable,  and  the  large  Price  meter  with  a  «iM» 
in  some  of  the  experiments  and  with  a  rod  in  other  experiment^. 
Alx)ut  3i  inches  of  mud  had  accumulated  on  the  bottom  of  the  csmal 
above  the  model  dam.  After  the  first  two  experiments  the  mud  wa^ 
removed  for  a  space  of  4  or  5  feet  above  and  below  the  meter  station. 
For  all  other  experiments  the  bottom  was  clean  and  smooth. 

The  experiments  of  series  B  were  made  234  feet  below  the  standard 
weir  after  the  model  dam  had  been  removed.  They  were  with 
high  velocities  and  shallow  depths,  the  scarcity  of  water  at  the  time 
restricting  the  depth  somewhat.  In  all  these  experimeutjs  except 
Nos.  6  and  8  the  tail  gates  were  open,  so  that  there  was  no  backwator. 
The  surface  of  the  water  was  quite  rough,  being  a  succession  of  wave<. 
without  swirls  or  boiling.  (See  PL  IV,)  The  same  three  meters  wi^r*' 
used  as  in  series  A.  The  Fteley  and  the  large  Price  were  held  with 
rods — the  small  Price  with  a  rod  in  some  of  the  experiments  and  with 
a  cable  in  other  experiments. 

The  experiments  of  series  C  were  made  280  feet  below  the  standard 
weir,  as  part  of  the  tests  of  accuracy  of  the  discharge  measuremont- 
of  the  New  York  State  canals  and  feeders  made  during  the  summer  «'i 
1900.  They  cover  a  range  of  depths  from  6  to  9.5  feet  and  vekK*iti«'- 
from  0.23  foot  to  2  feet  per  second.  In  most  of  the  experiments  «.• 
this  series  nearly  all  of  the  water  was  passed  out  of  the  canal  thrt)UL'- 
horizontal  slits  in  the  bulkhead.  The  water  surface  was  comparati  vtl  \ 
smooth,  being  a  succession  of  long  waves,  without  boiling  or  swiri- 
Two  meters  were  used — small  Price  No.  363,  operated  by  the  >i\ 
tenths-depth  and  integration  methods,  and  small  Price  No.  351,  op»T 
ated  by  the  ordinar}^  method.  The  former  was  held  with  a  cable,  th- 
latter  with  a  rod. 

The  experiments  of  series  D  were  made  220  feet  below  the  standnr<i 
weir,  with  Haskell  meter  No.  3  and  small  Price  meter  No.  363,  eu^:. 
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held  with  a  cable.  The  range  of  depth  was  from  5  to  9.5  feet,  and  the 
velocities  from  0.25  foot  to  2  feet.  The  water  surface  was  like  that  in 
series  C — long  wave^j,  without  boiling  or  swirls.  Three  methods  of 
obtaining  velocity  were  used — the  ordinary,  the  six-tenths,  and  the 
integration.  This  series  is  not  complete,  the  work  being  stopped  by 
the  freezing  of  the  canal.  The  piezometers  could  not  be  used  on 
account  of  the  freezing  of  the  pipes.  The  hook  gage  only  was  used 
to  measure  the  head  on  the  weir  and  the  depth  of  water  in  the  canal. 
The  experiments  of  series  E  were  made  with  two  small  Price  meters 
and  a  Haskell  meter,  held  with  cables  at  station  220  feet  below  the 
standard  weir.  The  depth  in  this  series  varied  from  4.6  feet  to  9.3 
feet,  and  the  mean  velocity  from  1.5  feet  to  3  feet  per  second.  It  was 
designed  to  extend  the  results  of  the  previous  year  to  the  higher 
velocities.  The  discharge  measurements  were  made  in  pairs,  as  in 
series  D,  so  as  to  compare  the  results  of  the  metei*s  with  each  other 
as  well  as  the  results  of  each  meter  with  the  corresponding  weir  dis- 
charge. The  head  on  the  weir  and  the  elevation  of  water  surface 
were  obtained  from  readings  of  the  portable  hook  gage.  The  water 
surface  was  quite  rough  for  these  higher  velocities,  being  a  succession 
of  waves,  without  swirls.  To  quiet  it  and  enable  the  surface  elevation 
to  be  more  accurately  measured,  in  experiments  9  to  22  two  planks, 
2  inches  by  12  inches  by  15  feet  long,  were  placed  across  the  canal 
al)out  3  feet  apart  and  154  feet  from  the  weir,  fastened  at  the  ends  so 
as  to  float  on  the  surface  and  break  the  force  of  the  waves.  In  experi- 
ments 23  to  50  three  of  these  planks  were  used.  The  planks  served 
their  puiposc  very  well,  but  distorted  somewhat  the  vertical  velocity 
curves. 

METHOD  OF  EXPERIMENTATION. 

The  first  operation  in  each  experiment  was  to  adjust  the  entrance 
gates  to  admit  such  a  quantity  of  water  that  with  the  desired  depth  of 
water  at  the  meter  station  the  velocity  would  be  about  the  desired 
rate.  The  tail  gates  were  then  opened  or  closed  somewhat,  as  the 
case  required,  until  the  water  reached  the  desired  depth  and  remained 
steady.  The  standard  weir  gage  was  then  read  every  thirty  seconds 
and  the  canal  gages  (one  or  both)  were  read  every  five  minutes  during 
the  time  the  meter  observations  were  being  taken.  When  the  hook  gage 
was  used  it  was  read  six  times  in  succession,  as  quickly  as  possible,  at 
each  of  the  three  points  in  fig.  15  marked  *' Standard  bolt,"  "Croton 
bolt," and  "  Canal  bolt,"  already  described.  When  the  ordinary  method 
of  operating  the  meter  was  used  the  meter  was  held  at  from  two  to 
six  points,  depending  on  the  depth,  in  each  of  from  five  to  eight  ver- 
ticals, and  the  number  of  the  revolutions  of  the  meter  wheel  in  from 
one  to  two  periods  of  from  thirty  to  sixty  seconds  each  was  obtained. 
Usually  it  was  two  periods  of  fifty  seconds  each.  In  series  C,  ordinary 
method,  one  period  of  sixty  seconds  was  used  and  the  revolutions  were 
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read  on  a  recorder.     In  all  the  other  experiments,  except  those  with 
the  Fteley  meter,  the  revolutions  were  obtained  from  indications  of  an 
electric  buzzer.     When  the  meter  was  operated   by  the  six-tenth>- 
depth  method  it  was  held  at  about  six-tenths  depth  below  the  surface 
in  eight  verticals,  viz,  1,  3,  5,  7,  9,  11,  13,  and  15  feet  from  the  south 
side  of  the  canal,  and  the  revolutions  were  obtained  for  two  periods 
of  fifty  seconds  each.     The  meter  was  then  held  at  the  same  depth  in 
the  same  verticals  in  the  inverse  order,  i.  e.,  15,  13,  etc.,  1  foot  from 
the  south  side  of  the  canal,  and  the  revolutions  were  again  counted  f(»r 
two  periods  of  fifty  seconds  each.     When  the  integration  method  ca- 
used in  series  C  the  meter  was  moved  in  the  following  way:  It  wa5 
started  at  1  foot  from  the  bottom  (center  of  meter  0.5  foot  abo%'e  l)ot- 
tom)  and  1  foot  from  the  side  of  the  canal,  and  was  passed  slowly  to 
the  surface  at  4.5  feet  from  the  side,  then  to  the  bottom  at  8  feet  {v^m 
the  side,  then  to  the  surface  at  11.5  feet  from  the  side,  and  then  to  tbo 
bottom  at  15  feet  from  the  side.     The  time  at  the  beginning  and  end 
was  noted  and  the  total  number  of  revolutions  were  counted.    Tb 
meter  was  then  carried  back  over  the  same  path  at  about  the  siiiiie 
speed,  and  the  time  of  passage  and  the  number  of  revolutions  were 
obtained  as  before.     The  mean  time  and  the  mean  number  of  revolu- 
tions of  these  two  passages  across  the  canal  are  used  as  a  single  exjien- 
ment.     When  this  method  was  used  in  series  A  the  meter  was  carritv. 
only  once  across  the  canal,  and  it  was  started  and  stopped  at  the  bot- 
tom (center  of  meter  0.5  foot  above  bottom)  and  close  to  each  sidf. 
and  reached  the  surface  4  feet  and  12  feet  from  the  south  side  of  thr 
canal.     When  this  method  was  used  in  series  E  the  meter  was  mov^- 
slowly  from  the  surface  to  the  bottom  (center  of  meter  from  2.5  inct<- 
below  surface  to  5.5  inches  above  bottom)  and  back  to  the  surface  ii. 
each  of  the  eight  verticals  in  which  the  meter  was  held  when  the  ordi 
nary  point  method  was  used.     The  time  of  passage  of  the  meter  dow?. 
and  back  again  in  each  vertical  was  noted  and  the  revolutions  of  tht 
meter  wheel  were  counted. 

REDUCTION  OF  EXPERIMENTS. 

The  standard  weir  gage  readings  were  averaged  for  the  time  of  eai  !i 
discharge  measurement,  and  the  reading  for  zero  head  subtmcti-i. 
giving  the  head  on  the  weir  in  double  centimeters.  By  means  of  a 
chart  for  converting  head  on  weir  into  cubic  meters  per  second  aiwi  i 
computing  machine  the  discharge  in  cubic  feet  per  second  was  ea>il; 
obtained.  The  depth  of  water  in  the  canal  was  found  by  adding  t  • 
the  mean  canal  gage  reading  in  feet  the  difference  in  elevation  of  V-* 
canal  bottom  and  the  zero  of  the  scale.  The  discharge  when  the  oni= 
nary  method  was  used  was  computed  from  the  vertical  velocity  cun> 
for  that  experiment  (see  figs.  23  to  28,  pp.  75-77).  The  obser\*ation? 
were  usually  taken  in  the  eight  verticals  at  1,  3,  5,  7,  9,  11,  13,  and  1' 
feet  from  the  south  side  of  the  canal,  and  at  the  same  distance  above  i> 
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bottom.  When  observations  in  any  vertical  were  missing,  as  in  ver- 
ticals 7  and  11  in  series  C,  they  were  supplied  by  interpolation.  The 
mean  nimiber  of  revolutions  at  the  depth  of  each  observation  for  these 
eight  verticals  was  then  found,  converted  into  velocity  by  the  rating 
table,  plotted  (as  in  figs.  23  to  28),  and  a  mean  curve  drawn.  The 
mean  abscissa  of  this  curve  is  the  mean  velocity  in  the  cross  section; 
the  discharge  is  the  product  of  this  velocity  and  the  cross-sectional 
area. 

When  the  six-tenths-depth  method  was  used  a  horizontal  curve  of 
velocity  was  drawn  in  a  similar  manner  and  the  mean  velocity  was 
found  from  it.  The  moan  velocity  bj^  the  integration  method  was 
obtained  by  dividing  the  revolutions  by  the  corresponding  time  and 
converting  the  quotient  into  velocity. 

DISCUSSION  OF  RESULTS. 
COMPARISONS   OF   DISCIIAKOE   MEASUREMENTS. 

The  following  tables  give  the  results  of  the  discharge  comparisons 
of  series  A  to  D.  The  standard- weir  discharge  (third  column)  is 
the  mean  for  the  time  over  which  the  meter  observations  (ordinary 
method)  extended.  It  is  assumed  to  be  the  same  for  the  shorter 
period  of  measuring  the  discharge  by  the  six-tenths-depth  and  the 
integration  methods.  This  is  not  strictly  true  for  the  larger  discharges, 
but  it  is  near  enough  for  practical  purposes.  The  true  velocity  is 
obtained 'by  dividing  the  weir  discharge  by  the  cross-sectional  area  at 
the  meter  station.     The  other  columns  are  self-explanatory. 

ComjKtriwns  of  discharge  over  Cornell   Universiti/  standard  weir  with  inecusurementH  Inj 

current  meters. 

SERIES  A. 


Date. 


o 


1900. 
Miiy  5... 

Do.... 
May  7... 
May  8.: 

Do.... 
May  9... 

1X» 

Do.... 

Do.... 
May  15.. 

Do 

May  16.. 

uo 

Do.... 

TH) 


(!) 

•TM 

"O 

>-  r" 

■z^ 

*P=a; 

•c? 

^  Ti 

^•2 

•C  cJ 

A 

« 

♦* 

OJ 

Cti.fl. 

]trr  sec. 

1 

1 17. 991 

2 

65.a?4 

3 

78. 4bl 

4 

162. 684 

6 

100.379 

6 

193.624 

7 

131. 178 

8 

131.037 

9 

131.072 

10 

148.656 

11 

119. 947 

12 

74. 137 

13 

93.457 

14 

74. 137 

15 

93.386 

Meter  obHervatlons. 


i/  s;  ^  ,  C  o 


;s  a  5 
o  ^  t- 


Feet. 

996 
167 
258 
104 
542 
369 
8-15 
8-18 
846 
98^1 
729 
281 
7.-184 
7.280 
7.484 


>  <->  C3 

«  o 


Feet 
p.  sec. 
1.166 
0.673 
0.683 
1.268 
0.841 
1.462 
1.056 
1.056 
1.055 
1.175 
0.980 
0.&13 
0.788 
0.643 
0.788 


■i-t 
O 

c 

i5 


L.P.88.. 

do  ...1 

Fteley . . 
S.P.361. 

do ... 

do ... 

do... 

L.P.88.. 
Fteley . . 

do ... 

S.  P.  361 . 
L.P.88.. 

do ... 

Fteley . . 
do ... 


76 
29 
31 
38 
20 
35 
18 
18 
18 
40 
32 
36 
32 
29 
32 


Ordinary 
method. 


r„ 


Feet 
p.  srr, 
L097 
0. 447 
0.677 
1.267 
0.790 
1.435 
1.036 
0.982 
1.148 
1.286 
0.939 
0.533 
0.744 
0. 6-12 
0.834 


Qy 


Integ^ration 
inetluMl. 


Variation. 


Of.,  ft. 

jH  r  »('c. 

138. 478 

50. 714 

77. 780 

162. 461 

94. 3)8 

190.109 

128. 657 

122.000 

142. 570 

162. 540 

114.887 

61. 432 

88.110 

73. 985 

98.804 


V^ 

Qi 

Fcft 
p.  etc 

Cu./t. 
per  sec. 

1 

1.252 

160.62 

1.0:U 
1.006 

128.04 
124.98 

0.978 

119.06 

. 

Perct. 
4-  6.43 
+22.01 


0.90 
0.14 
6.03 


+  1.81 


1.92 
6.90 
8.77 
9.43 
4.22 
+  17.14 
+  6.72 
+  0.20 
-  5.80 


+ 


Perct. 


+1.26 


+2.32 
+4.63 


+0.26 


rtL.  P.=large  Price;  S.  P.=small  Price.    The  figures  given  are  the  meter  numbers. 
IRR  95—04 5 
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Comparigons  of  dUcharge  over  Chmell  University  standard  iceir,  etc. — Continued. 


SERIES  B. 


Bate. 


No.  of 
experi- 
ment. 


1900. 
May  19 

Do 

Do 

May21 

Do 

Do 

Do 

Do 

Do 

May  22 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


Standard 
weir  dis- 
charge 

(Q). 


Cu.Jt, 
per  sec. 
50.366 
50.260 
50.154 
65.625 
65.625 
66.896 
21.616 
66.731 
33.060 
21.369 
94.410 
-94.410 
57. 854 
57.854 
48.761 
43.761 
29.598 
29.598 
18.982 
18.932 


Depth 

of 

True 

water 

veloc- 

in 

ity  (n 

canal 

at 

meter 

meter 

section. 

section. 

Feet 

/fed 

per  fee. 

per  sec. 

1.115 

2.823 

1.115 

2.823 

1.110 

2.824 

1.299 

3.167 

1.299 

3.157 

2.000 

2.091 

0.786 

1.719 

2.029 

2.056 

0.741 

2.766 

0.550 

2.428 

1.885 

3.130 

1.885 

3.130 

1.198 

3.018 

1.198 

8.018 

0.953 

2.870 

0.953 

2.870 

0.693 

2.671 

0.698 

2.671 

0.464 

2.553 

0.464 

2.563 

Meter  observations. 


Kind  of 
meter. 


(«) 
S.P.351. 
Fteley . . 
L.  r.88. 
Fteley.. 
L.  P.  88 . 
Fteley.. 
L.  P.  88 . 
....do ... 
Fteley . . 

do ... 

do. .. 

L.  P.  88. 
Fteley.. 
L.  P.  88 . 
S.  P.  351. 
Fteley . . 
S.P.851. 
Ft€ley.. 
8.  P.  351. 
Fteley . . 


Niim- 
lK»rof 
obser- 
va- 
tions. 


Ordinary  niethud. 


IG 
16 
IG 
24 
24 
24 
16 
24 
16 
16 
24 
24 
24 
24 
16 
16 
16 
16 
8 
8 


V. 


Q. 


Fed. 
persec. 
2.790 

«{•  uQlv 

3.108 
3.a44 
3. 085 
2.500 
1.538 
1.900 
3.273 
2.945 
3.789 
3.102 
8.720 
2.947 
2.698 
3.474 
2.425 
3.137 
2.290 
2.982 


per  trr. 
49.774 
64.206 
5S.7%» 
09..V)2 
64.I1H 
80.000 
19.^1 
61.6R2 
32.2S6 
25.916 
114. 2.V 
9S.556 
Tl.aOfi 
d&.5H9 

52.944 
26.876 
d4.768 
16.9K3 
21.744 


Varia- 


*i 


Prrft 

1.11 
— r.'Ja 

—  7» 

—  f.  •'! 
-I-  -.  V 
-1<-A 
-10.** 
+  9.97 
-t-  2-3B 
—21  •> 
— 2U1 

—  O.'A* 
— 2v.T 
+  •.'.!« 
+  l.S. 
— 3l» 

—17. 4" 

— w ;«' 


oL.  P.— lai^e  Price;  B.  P.=8mall  Price.    The  figures  given  are  the  meter  numbers. 
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It  is  seen  from  the  foregoing  tables  that  the  meter  discharge  differs 
from  the  weir  discharge  all  the  way  from  0  to  40  per  cent.  One 
might  say,  without  careful  examination,  that  the  current  meter  must 
be  a  very  unreliable  velocity-measuring  instrument;  but  when  we 
examine  these  results  carefully  and  plot  them  according  to  velocity 
we  find  the  case  very  different.  Take  first  the  results  b}'^  the  ordinary 
method.  These  are  plotted  for  each  meter  in  fig.  16,  using  mean 
velocity  as  abscissai  and  percentage  difference  as  ordinates.  It  is  seen 
that  nearly  all  of  these  points  fall  on  well-defined  lines.  The  few 
exceptions  are  those  in  which  the  depth  is  small  and  the'  errors  of 
depth  and  position  of  meter  have  a  large  effect  on  the  measured  dis- 
charge. The  discharge  obtained  with  the  Fteley  meter  differs  more 
from  the  corresponding  weir  discharge  than  that  obtained  with  the 
other  meters.  This  is  because  it  had  never  l)een  rated.  The  constant 
we  have  used  in  reducing  the  observations  with  this  meter — viz,  1  rev- 
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Pio.  16.— Dfafcram  ahowinfir  difference  between  meter  discharRO  by  ordinary  method  and  weir  dte- 
charjfo,  from  meaAuremcntx  In  Cornell  University  experiment  canal.  Lino  (MK  represents  weir 
di.srharf^e. 

olution  per  second  at  1  foot  velocity =1.072 — was  obtained  from 
observations  by  students.  It  is  not,  however,  much  in  error  for  this 
velocity,  ])ut  is  largely  in  error  for  other  velocities.  The  I'ating 
obtained  from  these  weir  experiments  is  given  in  the  ta})leon  page  81. 
For  the  other  three  meters  the  percentage  error  is  small  for  velocities 
above  1  foot  per  second.  For  the  Price  meters  the  error  is  positive 
and  increases  rapidly  as  the  velocity  decreases.  For  the  Haskell 
meter  the  error  is  negative  and  increases,  negatively,  rapidly  as  the 
velocity  decreases.  The  error  in  rating,  if  we  may  call  it  such,  is  not 
so  large  as  it  appears  from  these  diagrams,  for  a  10  per  cent  error  in 
a  small  quantity  is  only  a  1  per  cent  error  in  a  quantity  ten  times  as 
large.  The  rating  tables  as  derived  from  these  curves  and  as  found 
by  moving  the  meter  through  still  water  are  given  in  the  table  on 
page  81.  Experiments  with  depths  of  0.75  foot  or  less  (Nos.  9  and  17 
to  20  of  series  B)  are  not  plotted  in  the  diagram  (fig.  16),  as  the  prob- 
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abl(^  error  is  large;  nor  are  experiments  1  to  4  of  series  C,  because  the 
upper  and  lower  parts  of  the  vertical  curves  are  not  well  defined;  nor 
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Pio.  17. — Diagram  nhowing  difTercnco  between  meter  discharge  by  fdx-tentha  depth  and  intei^nitkii 
methods  and  weir  discharge,  from  measurementa  in  Cornell  University  experinipnt  canal.  Lin« 
0-0'  represents  weir  disehaige. 

experiments  4  to  7  of  series  D,  because  there  appears  to  bean  error  in 
the  hook-gage  work  of  those  experiments. 

In  fig.  17  are  plotted  the  percentage  differences  between  weir  dis- 
charge and  discharge  obtained  by  the  six-tenths  depth  and  the  integra- 
tion methods.     It  is  seen  that  the  meter  discharge  by  these  methods  is 

greater  than  the  weir  discharge,  being 
4  or  6  per  cent  greater  for  velocities 
above  1  foot  per  second.  In  the  in- 
tegration method,  for  small  velocities 
the  diflference  increases  very  rapidly  a"^ 
the  velocity  decreases.  It  is  seen  from 
figs.  16  and  17  that  while  the  ordinary 
method  gives  discharge  1  or  2  per  cent 
less  than  the  weir  for  velocitias  above 
1  foot  per  second,  the  six-tenths  depth 
and  the  integration  methods  give  dis- 
charge 4  or  5  per  cent  greater  than  the 
weir. 

The  results  of  the  discharge  measui^- 
ments  of  series  E  are  given  in  the  fol- 
lowing table  aod  are  plotted  in  fig.  Is. 
which  shows  three  sets  of  double  com- 
parisons. Experiments  1  to  20  give  a  comparison  of  simultaneous 
measurements  with  small  Price  meter  No.  363  and  Haskell  met<»r 
No.  3,  and  also  with  the  discharge  obtained  at  the  same  time  with  the 
weir.  Experiments  21  to  38  give  similar  comparisons  for  the  twu 
small  Price  meters  and  the  weir,  and  experiments  39  to  50  give  similar 
comparisons  for  Haskell  and  Price  meters  and  the  weir. 


ai«e«(«r<«Bi 
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Fio.  18.~Diagrom  showing  difference  be- 
tween meter  discharge  with  difTereut 
meters  and  weir  discharge  in  experi" 
ments  of  sorie.H  E  in  Cornell  University 
experiment  canal.  Zero  line  indicates 
weir  discharge. 
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0)mptirhffm  of  discharge  over  Cornell  Unlvenrity  dfitulard  weir  vrilh  metururemeiUH  hy 

currerd  meters. 


8CRIES  K. 


N'».  of 

cxi»t»ri- 

liient. 


I 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


21 
22 
23 
21 
25 
26 
27 
28 
29 
30 
31 
32 
33 
3i 
35 
36 
37 
38 


39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


Date. 


1901. 
April  1.. 
...  .do .. 
April  2.. 

do.. 

do.. 

do.. 

do.. 

do .. 

April  5.. 
....do .. 

do.. 

do.. 

do.. 

do.. 

do.. 

do .. 

do . . 

do .. 

do.. 

....do .. 


April  6. . . 
do ... 

April  10.. 

■  ■  ■  ■  •  \A%^  •  ■  t 

■  ■  •  •  •  W%^  ■  ■  « 

do .., 

do ... 

do ... 

Aprilll.. 

do.., 

do ... 

do ... 

do.., 

do... 

do ... 

do ... 

do ... 

do ... 


April  12. 

do.. 

do.. 

do .. 

do . . 

do .. 

do.. 

...  .do .. 

do .. 

do .. 

do.. 

....do .. 


Depth  of 
water  in 
canal  at 
meter  sec- 
tion. 

True  ve- 
locity at 
meter  kcc- 
tion. 

Standani 

weir  dis- 

charKC 

(Q). 

Meter  dis- 
ehargc 

Varia- 
tion 

Kind  of 
meter,  n 

I)i  (Ter- 
ence In 
meter 
dl.-- 

charK^*- 

Cti./l.jicr 

(Si.  ft.  per 

F\rrt. 

Ft.  jtrr  wc. 

9rc. 

wr. 

PerenU. 

P*  r  mil. 

9.075 

1.472 

201.41 

214.08 

-4.73 

Ha.<sk.  3...:i 
S.  P.  3(»..  J 

0.86 

9.075 

1.466 

204.41 

212.33 

-8.87 

G.079 

2.208 

208.88 

216.28 

3.64 

Ha^k.  3...  1 
S.  P.  363  . .  f 

0.99 

6.079 

2. 187 

208.88 

214.22 

-2.55 

7.453 

1.744 

200.81 

208.85 

-4.00 

ll&sk.  8...  I 

2.03 

7.453 

1.710 

200.81 

2(M.77 

-1.97 

a.  P.  363  ..  / 

5.742 

2. 187 

197.64 

197.02 

-0.31 

Huyk.  3...1 

i.rs 

5.742 

2. 171 

197.64 

'200.15 

+  1.27 

S.  P.  363..f 

7.409 

1.869 

222.67 

222.68 

0.00 

Ha.sk.  3...  1 
8.  P.  3f  3  . .  1 

0.76 

7.409 

1.88:? 

222.67 

'224.35 

-0.75 

6.295 

2.137 

220.33 

'216.00 

+1.96 

Hai<k.  3...  1 
S.  P.  W.3  . .  f 

1.82 

6.295 

2.177 

220.33 

'220.08 

+0.14 

5.628 

2.377 

219.38 

214.82 

+2.08 

HaMk.  3...  1 
S.  P.  3C3..f 

2.51 

5.628 

2.438 

219.38 

220.33 

-0.43 

5.294 

2.611 

221.96 

222.02 

-0.03 

Ha.Nk.  3...! 
8.  P.  8(3..l 

0.34 

5.294 

2.602 

221.96 

221.27 

+0.81 

4.892 

2.761 

222.81 

217.32 

+2.46 

Htuk.  8...I 
8.  P.  363.. 1 

2.22 

4.892 

2.827 

222.81 

222.27 

+0.24 

4.617 

2. 936 

224.75 

218.32 

+2.86 

Ha«k.  3...;\ 
».  P.  363../ 

2.85 

4.617 

3.019 

224.75 

224.50 

+0.01 

2.985 

230.36 

230.66 

« 

-0.13 

S.  P.  351.. 

1.60 

4.806 

I 

0.71 

4.808 

3.006 

230.36 

'232.30 

-0.84 

S.  P.  363..  If 

8.744 

1.670 

230.75 

234.68 

-1.70 

8.  P.  851..  1 
8.  P.  863  . .  / 

0.71 

8.744 

1.657 

230.75 

232. 85 

-0.99 

7.874 

1.846 

229.28 

233.61 

-1.89 

S.  P.  851..1 

0.88 

7.874 

1.862 

229.28 

235.64 

-2.77 

8.  P.  863  . .  / 

6.889 

2.108 

229.91 

233.25 

-1.45 

8.  P.  351  ..  1 

1.68 

6.889 

2.073 

229.91 

229.38 

+0.23 

8.  P.  363  ..  1 

6.129 

2.340 

227.16 

230.25 

-1.86 

8.  P.  851..  \ 
8.  P.  863  ..  1 

0.86 

6.129 

2.320 

227. 16 

228.28 

-0.50 

5.483 

2.59() 

225.01 

228.59 

-1.60 

8.  P.  851..1 

0.31 

5.483 

2.601 

225.01 

229.30 

-1.91 

8.  P.  363../ 

5.185 

2.?25 

224.06 

226.98 

-1.30 

8.  P.  351..  1 

1.23 

6.185 

2.768 

224.06 

229.73 

-2.53 

8.  P.  363../ 

5.003 

2.816 

222.60 

226.37 

-1.69 

8.  P.  351..  1 
8.  P.  363.. 

0.65 

5.008 

2.834 

222.60 

227.82 

-2.34 

9.256 

1.522 

223.40 

226.38 

-1.33 

8.  P.  861..  1 
8.  P.  363..!/ 

1.05 

9.256 

1.538 

228.40 

228.71 

-2.38 

1.486 

224.63 

223.11 

+0.68 

Ha.Hk.  3... 

0.90 

9.344 

I 

3.68 

9.344 

1.541 

224.63 

231.87 

-3.00 

8.  P.  351../ 

8.984 

1.613 

221.39 

281.58 

-4.60 

do....  1 

Hank.  3...  f 

4.67 

8.934 

1.543 

221.39 

221.53 

+0.07 

8.297 

1.646 

221.39 

219.50 

+0.81 

do 1 

8.21 

8.297 

1.700 

221.39 

226.70 

-2.40 

8.  P.  851.. 7 

7.806 

1.T75 

221.49 

222.69 

+0.54 

Ha.sk.  S...i 

2.61 

7.806 

1.808 

221.49 

226.19 

-2.07 

8.  P.  351..  f 

7.266 

1.879 

221.21 

219.^ 

+0.85 

Ha«k.  8... A 

3.88 

7.266 

1.943 

221.21 

226.81 

-2,53 

8.  P.  851..  j 

6.439 

2.132 

221.08 

220.13 

-0.27 

Hn.Hk.  8...  \ 

1.80 

6.439 

2.182 

221.03 

225.61 

-2.07 

8.  P.  351  . . 

r 

8.22 

«8.  P.=«mall  Price.    Hiu<k.-^Ha8keil.    The  figures  given  are  the  meter  numbers. 
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The  principal  results  of  the  foregoing  comparisons  have  been  con- 
densed in  the  following  table: 

Table  fthowiiig  })ercenUige  variation  between   weir  discliarge  and  meter   discharge^  aM 
between  meter  dischirge  />//  different  instruinenis  of  cj^perimenUi  in  Series  K, 


Experi- 
ments. 


1  to  20  . 

Do. 
21  to  38 

Do. 
39  to  50  , 

D<». 


Kind  of  meter. 


Ibmkell  No.  3... 
S.  l>rieo  No.  363. 
H.  Price  No.  351. 
S.  Price  N<».  363. 
S.  Price  No.  &")1 . 
HjwkellNo.  3... 


Difference   between   .standard   weir 
discharge  and  met^r  discharge. 


Difference  in  di»charfre  «>f  ?•:- 
muItancou>  meter  mea«- urt 
ments. 


Max. 

Min. 

Mean.n 

Perct. 

/Vt  d. 

-4.73 

0.00 

-0.33 

-3.87    +0.01 

-0.76 

-1.89 

-0. 13 

-1.38 

-2.77    +0.23 

-  1..V) 

-4.  CO    -2.07 

-2.78 

f  0.8ft 

-0. 27 

+0.40 

Range. 


Max. 


Percent. 
-4. 73  to +2. 86  I 
-3. 87  to +1.27 
-1.89  to -0.13  ! 
-2. 77  to +0.23  ' 
-4. 60  to -2. 07 
+0. 85  to  -0. 27 


Perct. 


2,85 


1.68 


4.67 


Min. 


Prrrt. 


Mean.  ,  ILniiicr. 


Iter  ft. 


0.34 


29 


;fna2 
|t''l.fi 

oil  J''^i^ 

I 

pa22  I     -  ' 


1.80 


I\Tti 


} 


a  Regarding  signs. 


h  Disregarding  sigm^. 


It  is  seen  from  this  that  in  none  of  these  fifty  experiments  does  a 
met^n- discharge  differ  from  a  corresponding  weir  discharge  5  per  cent, 
and  in  no  case  do  two  simultaneous  meter  discharges  differ  from  each 
other  5  per  cent.  In  experiments  1  to  20  the  mean  variation  from  the 
weir  discharge  is  —0.33  per  cent  for  the  Haskell  meter  and  —0.70  jier 
cent  for  the  Price  meter,  while  the  mean  difference  between  con-e- 
sponding  meter  discharges  is  0.29  per  cent.  In  experiments  21  to  IS^; 
the  mean  variation  from  the  weir  discharge  is  1.38  per  cent  for  Pric«» 
meter  No.  351  and  —1.56  per  cent  for  Price  meter  No.  363,  while  the 
mean  difference  between  corresponding  meter  dischargers  is  0.18  per 
cent.  In  experiments  39  to  50  the  mean  variation  from  the  weir  dis- 
charge is  2.78  per  cent  for  the  Price  meter  and  0.40  per  cent  for  the 
Haskell  meter,  while  the  me^in  difference  between  corresponding  meter 
discharges  is  3.22  per  cent. 

The  range  of  variation  of  meter  discharge  from  weir  discharge  i> 
greater  than  that  of  corresponding  metier  discharges.  This  is  to  bo 
expe(»ted,  however,  since  there  are  a  number  of  possible  errors  in  the 
former  which  are  not  in  the  lattxir.  Errors  in  measuring  head,  depth, 
cali})ration  of  weir,  velocity,  and  rating  of  meter  affect  the  former, 
while  only  the  two  latter  errors  affect  corresponding  meter  dischargts. 

It  is  also  seen  that  the  mean  of  the  difference  }>etween  simultaneous 
discharge  measurements  Nos.  21  to  38  is  only  0.18  per  cent,  and  th<^ 
extreme  range  in  these  eighteen  consecutive  measurements  is  onh'  1.87 
per  cent.  How  much  of  this  error  is  due  to  errors  in  the  rating  table 
and  how  much  to  errors  in  observing  velocit}^  we  were  unable  to  deter- 
mine, as  good  facilities  for  rating  were  not  at  hand.  We  are,  how- 
ever, justified  by  these  experiments  in  the  statement  that  the  discharge 
of  this  canal  can,  with  a  small  Price  meter,  be  measured  to  within  les? 
than  1  per  cent  when  the  mean  velocity  in  the  canal  is  from  1.5  feet 
to  3  feet  per  second. 
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VELOCITY   CURVES. 

Curves  of  equal  velocity  in  the  cioss-Hectional  aiea  of  observation 
iirc  shown  in  figs.  1!>,  20,  21,  and  2;J.  Four  experiments  are  selected 
(one  from  eaeh  series)  from  the  sixty-five  expt'riments  of  series  A  to 
D  by  the  ordinary  metliod,  to  sbow  tlie  variation  of  velocity  in  the 
si'ctions.  They  are  self-explanatory.  Fig.  20  illustrates  a  case  of 
snnill  depth,  high  velocity,  and  no  I»ack-w)it<M-  effect,  Tlie  maximum 
velocity  is  at  tho  surface,  nearly  midwn,v  l>etween  the  lianks.     In  figs. 


Fio.  19-— CurvcB  of  equal  velocity  In  experiment  No.  11,  Mrifn  A. 

li*,  21,  and  22  the  maximum  velocity  is  below  the  surface  and  not 
midway  between  the  binks.  It  is  less  at  the  center  than  3  or  4  feet 
from  either  side.  This  is  true  of  all  the  experiments  of  series  A.  We 
tried  admitting  the  water  to  the  upper  chamber  of  the  canal  in  various 
ways,  by  opening  some  of  tho  gates  and  closing  or  partly  closing 
others,  but  the  distribution  of  velocity  appeared  to  be  nearlj'  inde- 


nt volncltj'  In  experiment  N 


H  admitt«d  to  the 


pendent  of  the  openings  through  which  the  water 
canal. 

Horizontal  velocity  curves  are  shown  in  these  same  figures  (Ifl  to  22), 
the  velocity  curve  at  six-tenths  depth  below  the  .surface  being  shown, 
and  also  the  curves  for  surface  and  bottom.  In  these  figures  the 
velocity  near  the  north  side  of  the  canal  is  somewhat  less  than  that 
near  the  south  side.     This  is  true  of  all  the  experiments  of  series  C 
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and  D.  It  is  due  to  the  nortli  side  of  the  canal  being  much  rougher 
than  t}io  Houth  «idc,  the  concrete  of  the  north  side  having  been  cut 
away  preimratory  to  its  i-epair  just  previous  to  making  the  experi- 
ineiitH  of  seiies  0. 


4,  leries  C.    The  <Iotii  u 


imiill  Primmlei 


Vertical  velocitj-  curves  for  these  four  series  of  experiments  (A  to 
D)  arc  shown  in  figs.  23  to  28.  E^h  of  these  curvfei  is  the  mean  of 
observations  in  the  eight  verticals  1, 3, 5,  7, !),  11, 13,  and  15  feet  from 
the  south  side  of  the  canal.  For  series  (J  and  I>,  figs,  26,  27,  and  2.S, 
the  obsen'ations  ol)taincd  with  small  Price  meter  No,  3f>3  at  six-tenths 


SB'-T3-rB--"n 

■  »*    *-\-** 
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l^»   J%   ^p   -  J- 

'.■E\^i%^^Z   ,2 

S*-ls:rS    1 

S^'^i'^v 

C^'S    -'i- 

•t^k^s-,     - 

orilj'ln  enperimenl  No.  20,  le 


depth  are  shown  by  tlie  little  squares.  As  a  rule  they  fall  outside  tho 
curve,  meter  No.  363  indifating  a  somewhat  greater  velocity  than 
meter  No.  351.  This  fact  is  ai.so  shown  by  the  corresponding  cuni^ 
of  figs.  1(>  and  17.     The  two  sets  of  velocity  eurvos  (full  and  dotted)  of 
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fig.  28  were  found  from  simultaneous  velocity  measurements.  Two 
parties  measured  velocity  in  the  same  section  at  the  same  time.  One 
party,  with  the  Haskell  meter,  started  near  the  south  side  of  the  canal 
and  worked  toward  the  north  side;  the  other  party,  with  the  Price 
meter,  started  at  the  north  side  and  worked  toward  the  south  side.  It 
is  seen  from  these  curves  (fig.  28)  that  the  bottom  velocities  agree 
more  closely  than  those  at  the  surface,  and  that  the  Haskell  meter 


Pia.  23. — Vertical  velocity  curves  obtained  witli  current  meters  in  experiments  in  series  A.    Nuk.  1, 2, 
8. 12,  and  13  are  for  large  Price  meter  No.  88;  Nos.  4, 5, 6, 7,  and  11  are  for  small  Price  meter  No.  851. 

gives  a  much  larger  surface  velocity  than  the  Price  meter.  We 
should  expect  a  little  difference,  since  the  revolving  head  of  the  Has- 
kell meter  is  larger  than  the  wheel  of  the  Price  meter,  and  its  center 
being  farther  below  the  surface  it  must  revolve  faster.  But  the  dif- 
ference in  velocity  is  much  greater  than  this  little  difference  in  depth 
of  axis  would  indicate.     (See  p.  91.) 
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Fi;.  2i. — Vertical  velocity  curves  obtained  with  Ftcley  current  meter  in  experiments  in  series  A. 

The  shape  of  these  curves  evidently  depends  on  the  depth  and 
velocity.  For  depths  not  exceeding  1  foot  it  is  a  nearly  straight  line, 
with  the  maximum  velocity  at  the  surface  and  the  moan  velocity  at 
mid  depth.  For  depths  of  8  or  9  feet  and  small  velocities  the  curve 
is  very  flat,  with  the  maximum  velocity  at  two-tenths  to  three-tenths 
depth  and  the  mean  velocity  at  sixty-five-hundredths  to  seven-tenths 
depth  below  the  surface.  The  nidius  of  curvature  decreases  as  the 
velocity  increases.     In  all  of  those  curves  the  least  velocity  is  at  the 
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bottom.  No8.  6  and  8,  series  B,  fig.  25,  show  the  eflfect  on  the  vertical 
velocity  curve  of  checking  the  discharge  at  the  lower  end  of  the  canal. 
For  all  the  other  curves  of  fig.  25  there  i.s  free  discharge.  The  effect 
of  checking  the  discharge  at  the  lower  end  is  to  forr>e  the  thread  of 
maximum  velocity  from  the  surface  to  a  depth  of  two-tenths  or  mon*. 
The  table  on  page  77  gives  the  position  of  the  threads  of  maximum  and 
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Fig.  25. — Vertical  velocity  curves  obtained  with  current  meters  in  experiments  in  sericK  B.  Xos.  1. 
15, 17,  and  19  are  for  Kmall  Price  meter  No.  351;  Nos.  3,  5,  7,  8,  12,  and  14  are  for  large  i^ce  mvxct 
No.  88;  Nos.  2,  4,  6,  9,  10, 11, 18, 16,  18,  and  20  arc  for  Fteley  meter. 

mean  velocit}^  taken  from  the  curves  shown  in  figs.  23  to  28.  It  i- 
difficult  to  locate  the  threads  with  accuracy,  since  very  little  change  in 
the  shape  of  the  curve  would  make  a  great  change  in  the  position 
of  the  threads.  It  is  easily  seen  that  the  shape  maybe  changetl  some- 
what, and  yet  fit  the  observations  nearly  as  well  as  the  one  draw^n  and 
give  a  discharge  differing  from  it  but  little.     For  velocities  of  a  foot 


Fig.  20. — Vertical  vol(KMly  curves  obtained  with  current  meters  in  experiments  in  fleri€»  <\     Ut-a'. ' 
round  dots  are  for  small  Price  meter  No.  351;  the  square  blocks  are  for  small  Price  meter  No.  a»*S. 

or  more  per  second,  however,  the  threads  can  l)e  located  with  a  fair 
degree  of  accumcy.  The  position  of  the  thread  of  maximum  velocity 
as  found  from  series  A  is  eigh teen-hundred ths  depth  below  the  surface; 
for  series  B  it  is  one-tenth  depth;  for  series  C,  thirty -eight-hundredth^ 
depth;  and  for  series  D,  twentv-four-hundredths  depth.     For  the  mean 
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of  C  and  D,  in  which  the  conditions  are  nearly  the  same,  it  is  thirty- 
one-hundredths  depth.  The  position  of  the  thread  of  mean  velocity 
as  shown  by  this  table  is  sixty-six-hundredths  depth  for  series  A, 
fifty-four-hundredths  depth   for  series   B,  and   sixty-six-hundredths 


Fig.  27.— Vertical  velocity  curves  obtained  with  current  meters  in  experiments  in  series  C.    Heavy 
round  dots  are  for  small  Price  meter  No.  351;  the  square  blocks  are  lor  small  Price  meter  No.  363. 

depth  for  series  C  and  D.  It  is  seen  that  the  threads  of  mean  and 
maximum  velocity  are  nearer  the  surface  in  series  A  than  in  series  Cor 
D,  although  the  depths  do  not  differ  much.  This  is  probably  due  to 
the  influence  of  the  Croton  model  dam,  the  long  upstream  slope  of 


Fig.  2».— Vertical  velocity  curves  obtained  with  Haskell  meter  No.  8  and  small  Price  meter  No.  3ti3  in 
experiments  in  series  D.  Open  circles  are  for  small  Price  meter  No.  363,  point  methtxl:  heavy  black 
dots  are  for  Haskell  meter  No.  3,  point  method;  heavy  black  squares  arc  for  small  Price  meter 
Ko.  363,  six-tenths-depth  method. 

which  has  had  the  effect  of  forcing  the  thread  of  maximum  velocity  up 
to  thirteen-hundredths  depth.  As  the  ratio  of  width  to  depth  changed 
from  16  to  2  the  thread  of  mean  velocity  moved  from  fifty-four- 
hundredths  depth  to  sixty-six-hundredths  depth  below  the  surface. 
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Velocity  ratios  in  Cornell  University  experiment  canal  as  found  with  current  tnet^f  in 

'May,  November,  and  December,  1900. 


Series  A. 

Series  C. 

SerienD. 

No.  of 

- 

-  — 

experi- 

Veloc- 

RAtio 

Ratio 

Veloc- 

Ratio 

Ratio 

Veloc- 

Ratio 

Rjiti.. 

ment. 

ity 

(t'o). 

Deptli 

(d- 

Q)- 

ity 

(fo). 

Fl.per 

Depth 

Q)-  0} 

ity 

Depth 

{6). 

Q- 

Ft.  per 

Ft.  per 

aec. 

Feel. 

tec. 

Feet. 

tec. 

Feci. 

1 

1.10 

8.00 

1.082 

1.060 

1.45 

9.46 

1.022 

1.009 

1.52 

9.51 

1.059 

l.OU' 

2 

0.46 

7.17 

1.062 

1.036 

0.97 

9.37 

1.029 

1.017 

1.48 

9.51 

1.071 

LOi'J 

3 

0.68 

7.26 

1.066 

0.997 

0.49 

9.34 

1.087 

1.022 

9.32 

4 

1.27 

8.10 

1.060 

1.014 

0.26 

8.92 

1.081 

0.961 

6.83 

9.hi 

1.031 

0.y^^ 

5 

0.79 

7.54 

1.073 

1.010 

1.45 

7.67 

1.057 

1.021 

0.79 

9.  .SI 

1.039 

l,tf«» 

6 

1.44 

8.37 

1.070 

1.033 

1.00 

7.64 

1.073 

1.025 

0.68 

9.52 

1.034 

\.i*.i) 

7 

1.04 
0.98 

7.85 
7.85 

1.040 
1.034 

1.003 
1.013 

0.50 
0.22 

7.58 
7.56 

0.65 
1.86 

9.52 
7.25 

1.046 
1.0S8 

lj'i;i 

8 

1.091 

1.082 

i.iai 

9 

1.16 

7.H6 

1.055 

1.000 

0.49 

6.01 

1.091 

1.069 

1.87 

7.25 

i.tw 

1   Ti" 

10 

1.29 

7.98 

1.083 

1.025 

1.89 

6.28 

1.127 

1.042 

1.68 

7. -22 

1.038 

1  fl  II 

11 

0.94 

7.73 

1.060 

1.021 

1.26 

6.40 

1.094 

1.045 

1.65 

7.22 

1.0S9 

I.e.* 

12 

0.53 

7.28 

1.103 

1.043 

0.85 

6.32 

1.090 

1.056 

1.02 

7.  iS 

1.060 

l.fj 

18 

0.74 

7.48 

1.070 

1.046 

0.46 

8.48 

1.056 

1.043 

0.96 

7.18 

1.070 

i.oi: 

14 

0.64 

7.28 

1.146 

1.001 

1.46 

8.47 

1.081 

1.0S6 

7.11 

15 

0.83 

7.48 

1.155 

1.080 

0.89 

8.51 

1.025 

1.0(2 

6.78 

5.15 

1.041 

ij'ii 

16 

0.20 

8.46 

1.139 
1.069 

1.030 

0.67 

5.15 

1.045 
1.04S 

i.oia 

1.077 

1.021 

1.035 

I.OiU 

t'o  =  velocity  obtained  bv  ordinary  method. 

t^  and  t'c  =>  velocity  at  tnree-t«ntns  and  at  six-tenths  depth  below  the  nurface. 


MEAN  VELOCmr  BY  INTEGRATION  IN  VERTICALS. 

The  mean  velocity  in  the  discharge  section  was  obtained  by  the 
method  of  integration  in  the  eight  verticals  1,  3,  5,  etc.,  immediately 
after  making  experiments  1,  3,  9,  and  37  of  series  E.  In  the  follow- 
ing table  the  velocity  thus  obtained  is  compared  with  that  obtained! 
by  the  ordinary  point  method  in  the  experiment  just  preceding: 

ComjKirison  of  mean  velocity  obtained  by  the  ordinary  ptnnt  method  and  In/  inUtpxUioti  in 

t'eriicals  in  Cornell  University  exj>erimetU  canal. 


Date. 


Depth. 


19UI 

April  1 

April  2 

April  5 

April  11 


Fct't. 
9.08 
COS 
7.41 
9.26 


Voloi'ily. 


Kind  of  meter. 


Ha.skellNo.3.. 

do 

do 

8.1»rIceNo.351. 


Point, 
method 

(»V). 


Ft.  1>€T  9CC. 

1.4ftS 
2.208 
1.883 
1.522 


Integra- 
tion 
met  hod 

(»',). 

P\.j)er  frr. 
l.4(» 
2.225 
1.921 
1.568 


IV-  r, 


Prrnnf 


I)  » 


It  will   be  seen  that  the  agreement  is  close,  the  greati^st  differom 
being  3  per  cent. 


r 


RATING   METERS   IN    STILL   AND   IN   MOVINCl    WATER. 

The  results  of  meter  and  standard-weir  comparisons  are  g'iven  in 
the  tables  on  pages  ^55  to  68.  With  a  few  exceptions,  already  men- 
tioned, these  are  shown  graphically  in  figs.  16,  17,  and  18,  pages  Hi* 
and  70.  The  straight  lines  0-0'  represent  in  each  case  the  weir  dis- 
charge and  the  cuiTcd  lines  drawn  through  the  plotted  points  repre- 
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sent  the  percentage  variation  of  tlic  meter  discharge  from  the 
corresponding  weir  discharge.  The  meter  discharge  is  computed 
from  a  rating  table  prepared  from  ratings  in  still  water.  If  we 
assume  that  th^s  weir  discharge  is  correct,  then  these  curves  show  the 
percentage  difference  between  a  rating  in  still  water  and  a  rating  in 
moving  water,  and  furnish  the  data  for  preparing  a  rating  table  for 
moving  water  from  the  one  for  still  water.  We  have  only  to  apply 
the  correction  to  any  velocity  for  any  given  number  of  revolutions 
per  second,  shown  on  the  proper  diagram,  to  obtain  the  velocity  in 
moving  water.  This  has  been  done,  and  the  rating  tables  of  the 
meters  in  still  and  in  moving  water  are  given  in  the  following  table. 
The  velocity  in  moving  water  for  any  given  number  of  revolutions  per 
second  is  greater  for  all  speeds  of  the  Price  meters  than  the  velocity 
in  still  water.  For  the  Haskell  meter  (a  propeller  instnmient)  the 
velocity  is  less  in  moving  water  than  in  still  water  for  low  velocities, 
and  probably  about  the  same  in  moving  water  as  in  still  water  for  the 
higher  velocities.^  The  discharges  might  now  be  computed,  using  the 
rating  tables  for  moving  water,  and  they  would  agree  closel}^  with 
the  weir  discharges.  New  vertical  velocity  curves  have  been  found 
for  series  A,  and  the  mean  velocity  ascertained  from  them.  The 
shape  of  the  new  curve  differs  little  from  the  old  one,  as  the  range 
of  velocities  for  any  curve  is  small.  The  new  velocities  obtained 
from  the  corrected  curves  are  given  in  the  second  column  of  the 
table. 


Raling  tables  of  current  meters  in  still  tvater  and  in  momng  ivater  in  Cornell  IhiirersUy 

experiment  canal. 


Revo- 
lutions 

per 
flecood. 

Small  Price 
No.851.fe 

Largo  Price 
No.88.ft 

Haskell 
N0.8.C 

Fteley.b 

Revo- 
lutions 

per 
second. 

Haskell 
No.3.0 

Fteley.ft 

V 

Vw 

V 

v. 

V 

V. 

V 

K, 

V 

y. 

V 

Kw 

1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 

1.30 
1.40 
1.50 
1.60 
1.71 
1.81 
1.92 
2.02 
2.13 
2.23 

1.28 
1.89 
1.49 
1.60 
1.70 
1.81 
1.92 
2.03 
2.14 
2, 24 

1.18 
1.29 
1.39 
1.50 
1.61 
1.72 
1.82 
1.93 
2.04 
^.14 

1.07 
1.15 
1.'23 
1.30 
1.38 
1.45 
1.53 
1.60 
1.67 
1.74 

0.10 
0.15 
0.20 
0.25 
0.30 
0.85 
0.40 
0.45 
0.60 
0.56 
0.60 
0.65 
0.70 
0.75 
0.80 
0.85 
0.90 
0.95 
1.00 

0.284 
0.397 
0.510 
0.625 
0.741 
0.867 
0.972 
1.088 
1.204 
1.319 
1.435 
1.560 
1.660 
1.782 
1.897 
2.013 
2.129 
2.244 
2.36 

0.818 
0.437 
0.552 
0.664 
0.776 
0.887 
0.998 
1.109 
1.220 
1.382 
1.447 
1.562 
1.677 
1.796 
1.916 
2.033 
2.150 
2.266 
2.38 

0.54 
0.70 
0.86 
1.03 
1.19 
1.35 
1.52 
1.68 
1.84 
2.01 
2.17 
2.34 
2.50 
2.66 
2.83 
2.99 
3.15 
3.32 

0.660 
0.804 
0.950 
1.097 
1.244 
1.392 
1.550 
1.709 
1.874 
2.042 
2.207 
2.373 
2.588 
2.702 
2.868 
3.034 
3.199 
8.866 

0.70 
0.75 
0.80 
0.85 
0.90 
0.95 
1.00 
1.05 
1.10 
1.15 
1.20 

0.G47 
0.698 
0. 751 
0.803 
0.855 
0.907 
0.960 
1.014 
1.068 
1.121 
1.171 

0.5:J6 
0..W9 
0.643 
0.697 
0.750 
0.801 
0.868 
0.91L 
0.965 
1.018 
1.072 

0. 552 
0.59^ 
0.644 
0.690 
0.735 
0.779 
0.822 
0.8(H 

o.ga's 

0.946 
0.987 

1 

1 

1 

a  Recent  experiments  with  a  Ftelcy  meter  do  not  verify  this  statement, 
ft  Meter  liela  rigidly  with  rod. 
<?  Meter  held  with  cable. 

NoTB.— F==velocIty.  in  feet  per  second,  from  still-water  rating,   V,  =  velocitv,  in  feet  per  sec- 
ond, from  moving- water  rating. 
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A  reason  for  the  percentage  increase  in  the  variation  of  the  nietor 
discharge  from  the  weir  discharge  as  the  velocity  decreases  is  to  be 
found  in  the  rating  table  from  which  the  velocities  are  computed. 
The  experiment  of  November  1  shows  that  the  small  Price  meter  will 
measure  a  velocity  of  0.23  foot  per  second,  as  the  mean  velocity  found 
from  the  weir  is  0.229  foot  per  second  and  the  meter  wheel  revohed 
with  regularity  at  all  points  where  it  was  held.  The  observations  in 
the  rating  do  not  extend  to  this  velocity,  however,  and  do  not  warrant 
the  preparation  of  a  rating  table  giving  velocities  of  less  than  0.5  foot 
per  second. 

In  the  three  ratings  of  small  Price  meter  No.  351  on  May  9,  IM, 
shown  in  fig.  29,  page  89,  there  are  only  four  observations  for  veloci- 
ties less  than  0.5  foot  per  second  and  none  below  0.45  foot  per  second. 
The  extension  of  the  table  to  velocities  less  than  0.5  foot  per  second  is 
probably  made  on  the  assumption  that  this  part  of  the  rating  curve  is 
a  straight  line.     That  this  is  very  far  from  the  truth  can  be  seen  from 
an  inspection  of  the  three  curves  of  fig.  29.     Another  reason  is  that 
discharge  shown  by  the  Cornell  University  standard  weir  is  probably 
from  1  to  3  per  cent  too  large  for  low  heads  on  the  weir.     Recent 
experiments  seem  to  indicate  this  fact.     These  two  causes,  however, 
account  for  only  a  comparatively  small  part  of  the  difference  Ijetween 
current-meter  and  weir  discharge  at  low  velocities  which  the  experi- 
ments of  series  A  and  C,  and  others  made  since  the  writing  of  the 
body  of  this  paper,  indicate.     The  failure  of  the  meter  to  indicate  a> 
high  a  velocity  when  held  in  a  very  slow-moving  current,  aa  when  Uie 
meter  is  dragged  through  still  water,  is  probably  due  to  the  stream 
lines  becoming  more  and  more  oblique  to  the  axis  of  the  canal  as  the 
velocity  decreases,  and .  consequently  their  impact  on  the  meter  l^ing 
less  than  when  they  moved  more  nearly  in  the  direction  of  the  axi:j  of 
the  canal. 

ERROR  IN    USING   AVERAGE    OF   BOTTOM   AND   SURFACE   VELOCITIKS   FOE 

MEAN   VELOCITY. 

The  following  table  gives  the  mean  velocity  and  the  average  of  thr 
velocities  0.5  foot  above  the  bottom  and  0.5  foot  below  the  surface  for 
the  experiments  of  series  A,  C,  and  D;  also  the  error,  in  per  cent,  mail? 
by  using  the  average  of  surface  and  bottom  velocities  instead  of  tte 
mean  velocity.  It  is  seen  that  in  all  these  experiments  except  two  the 
mean  velocity  is  greater  than  the  half  sum  of  the  surface  and  botUnn 
velocities,  the  difference  varying  from  —2.2  per  cent  to  +80.6  per  ceni- 
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Ttifile  showing  relation  behoeen  mean  vdocUy  and  average  of  gnirfaoi  and  bottom  velocities 
as  found  from  Cornell  University  standard  weir  and  from  current  meters  in  Cornell 
ejcperiment  canal. 


No.  of 

t*X|H*rt- 

inent. 

V 

Jk'rieaA. 

Series  C. 

Series  D. 

V-  V 
V 

r 

V 

V 

r 

v-r 

V 

V 

r 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Fcttjtcr 
sreond. 
l.l&i 
0.678 

Feet  per 

wrond. 

0.987 

0.416 

Per  reiit. 
+15.3 
+27.5 

FMper 
ttecond. 
1.409 
0.932 
0.477 
0.265 
1.444 
1.018 
0.502 
0.255 
0.515 
1.914 
1.283 
0.893 
0.478 
1.45-1 
0.915 
0.229 

Feetprr 

BCCWid. 

•     1.412 
0.954 
0.468 
0.231 
1.364 
0.940 

l\'r  cent. 
-  0.2 
-  0.2 
+  0.2 
+12.8 
+  5.6 
+  7.7 

Feetjyer 
second. 
1.528 
1.528 

Feet  per 
bccond. 
1.436 
1.436 

Per  cent. 

+(5.2 
+6.2 

1.268 
0.841 
1.462 
1.056 
1.056 

1.190 
0.749 
1.884 
0.965 
0.946 

+  6.1 
+10.9 
+  5.4 
+  8.6 
+10.4 

*  *  * 

0.177 
0.435 
1.730 
1.129 
0.759 
0.422 
1,311 
0.784 
0.179 

+30.6 
+15.5 
+  9.6 
+12.0 
+15.0 
+11.8 
+  9.8 
+14.8 
+21.8 

1.905 
1.905 
1.649 
1.649 
0.955 
0.955 

1.807 
1.779 
1.613 
1.590 
0.973 
0.897 

+5.2 
+C.0 
+2.2 
+3.6 
-1.9 
+6.1 

0.ORQ 
0.W3 
0.788 

0.887 
0.476 
0.687 

+  9.5 

+25.9 
+12,7 

0.689 
0.689 

0.704 
0.659 

-2.2 
+4.3 

V=  mean  velocity  found  from  standard  weir. 

V  =  mean  of  velocities  0.5  foot  above  bottom  and  0.5  foot  below  surface,  as  found  by  meters  un- 
corrected. 

From  the  foregoing  table,  and  from  the  table  on  page  79,  in  which 
is  given  the  ratio  of  bottom  velocity  to  mean  velocity,  it  appears  that 
bottom  velocity  is  not  a  desirable  quantity  to  use  in  computing  dis- 
charge, for  it  varies  between  too  wide  limits.  In  a  stream  with  a  stony 
or  gravelly  bottom  the  limits  must  be  considerably  greater  than  in  the 
Cornell  canal  with  its  smooth  bottom.  Observations  at  mid  depth  or 
at  six-tenths  depth  give  better  results. 

COMPARISON   OF   RESULTS    BY  THREE    METHODS  OF   OPERATING    METER. 

Three  methods  of  operating  meters  have  been  used  in  these  experi- 
ments, viz,  the  ordinary  method,  the  six-tenths-depth,  and  the  inte- 
gration. A  detailed  account  of  the  manner  of  operating  the  meter 
by  each  of  these  methods  has  been  given  on  pages  63  to  64.  The  time 
required  to  make  a  discharge  measurement  was  from  thirty  to  sixty 
minutes  with  the  ordinary  method,  from  twenty  to  thirty  minutes 
with  the  six-tenths-depth,  and  from  five  to  ten  minutes  with  the 
integration. 

The  results  by  the  ordinary  method  in  series  A  to  D  (tig.  16,  p.  69) 
give  for  each  meter  a  well-defined  line,  which  agrees  with  the  weir  line 
(0-0')  within  about  2  per  cent  for  velocities  greater  than  1.5  feet  per 
second,  the  meter  discharge  being  less  than  the  corresponding  weir 
discharge. 

The  agreement  with  the  weir  discharge  is  closer  in  series  E  than  in 
series  A  to  D,  being  —0.03  per  cent  for  the  Haskell  meter,  —1.13  per 
cent  for  Price  meter  No.  363,  and  —1.88  per  cent  for  Price  meter  No. 
361.     The  results  by  the  six-tenths-depth  method  do  not  give  as  well- 
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delined  a  line  (fi^.  17)  for  etich  meter  as  do  those  by  the  ordinair 
niethotl,  the  meter  discharge  being  from  1  to  6  per  cent  greater  tlma 
the  corresponding  weir  discharge,  and  the  mean  being  3.5  per  cent  for 
small  Price  meter  No.  363.  If  the  observations  with  the  latter  meter 
had  been  taken  at  sixty-four-hundredths  depth  instead  of  at  six-tentli- 
depth  the  line  representing  the  mean  would  coincide  with  the  weir 
line  CM)',  and  the  greatest  percentage  variations  from  the  mean  woulJ 
be  —2.5  per  cent  and  +2.5  per  cent. 

The  results  by  the  integration  method  do  not  give  a  well-defined 
line.  The  meter  discharge  is  from  1  per  cent  to  9  per  cent  greater 
than  the  w^eir  discharge  for  velocities  -greater  than  0.5  foot  persiH:- 
ond  in  the  experiments  of  series  C  and  D,  and  from  0  to  5  per  cent 
less  than  the  weir  discharge  for  the  experiments  of  series  A.  TLe 
following  table  gives  the  true  velocity  as  found  from  the  weir  and 
the  velocity  found  by  the  integration  method  for  different  speeds  of 
the  meter;  also  the  ratio  of  difference  between  these  velocities  and  the 
true  velocity,  expressed  in  per  cent: 

Talde  showing  effect  of  vaTnation  of  speed  of  meter  in  integraiion  method. 


No.  of 
experi- 
ment. 

Date. 

Depth. 

True 
velocity 
by  weir 
( r)  per 
second. 

1 

1900. 
May  8 

Fed. 
8.10 
8.10 
8.10 
7.54 
7.64 
7.85 
7.85 
7.73 
9.46 
9.37 
9.84 
8.92 
7.67 
7.64 
7.58 
7.56 
6.01 
6.28 
6.40 
6.32 
8.48 
8.47 
8.51 
8.46 
9.51 
9.51 
9.32 
7.25 
7.22 
7.18 
5.15 

Fcfi, 
1.268 
1.268 
1.268 
0.841 
0.841 
1.056 
l.a56 
0.980 
1.409 
0.932 
0.477 
0.265 
1.444 
1.018 
0.502 
0.255 
0.515 
1.940 
1.283 
0.893 
0.478 
1.454 
0.915 
0.229 
1.528 
1.528 
1.535 
1.9a5 
1.649 
0.955 
0.689 

2 

do 

3 

do 

4 

do 

5 

.....do 

6 

May  9 

7 

do 

8 

Mav  15 

9 

October  21 

10 

do 

11 

do 

12 

do 

13 

October  2t5 

14 

do 

15 

October  27 

16 

do 

17 

do 

18 

do 

19 

do 

20 

do 

21 

October  29 

22 
23 

October  31 

do 

24 

November  1 

25 

December  6 

26 

do ". 

27 

December  7 

28 

Decemb<'r8 

29 

do 

30 

do 

31 

do 

Velocity 

Speed  of 

of  water 

meter 

by  me- 

V- \\ 

Kind 

per 

ter  ( Fi) 

V 

erf  mvUT. 

second. 

per 
second. 

FcfL 

FoA, 

Percent. 

(«) 

0.101 

1.268 

0.00 

S.  P.Sil. 

0.152 

1.235 

+  2.60 

Do. 

0.270 

1.20O 

+  5.85 

1^. 

0.079 

0.834 

+  0.09 

Fteley. 

0.055 

0.842 

-  0.01 

Dj. 

0.056 

1.028 

+  2,65 

S.  P.  3:>i. 

0.043 

1.008 

+  4.64 

L.  P.  K'v 

0.032 

0.978 

+  0.02 

S.  P.S51. 

0.118 

1.429 

-  1.42 

S.  P.  3Sl 

0. 142 

0.982 

-  5.36 

Do. 

0.164 

0.485 

-  1.68 

Do, 

0.107 

0.306 

-16. 2S 

Do. 

0.137 

1.519 

-  5.20 

Do. 

0.135 

1.079 

-  5.99 

Da 

0.143 

0.522 

-  8.» 

Do. 

0.128 

0.312 

-22.85 

Do. 

0.142 

0.555 

-  7.77 

D>. 

0.180 

2.030 

-  4.64 

Do. 

0.154 

1.338 

-  4.29 

Do. 

0.188 

0.920 

-  8.02 

Da 

0.161 

0.492 

-  2,93 

IXk 

0.293 

1.552 

-  6.74 

Do. 

0.258 

1.002 

-  9.61 

Do. 

0.185 

0.319 

-39.30 

Do. 

0.253 

1.540 

-  0.78 

Df. 

0.284 

1.572 

-  2.87 

Hask.3. 

0.243 

1.576 

-  2.66 

Do. 

0.252 

1.962 

-  2.99 

IH». 

0.295 

1.748 

-  6.00 

Ih.. 

0.254 

1.039 

-  8.79 

D**. 

0.179 

0.752 

-  9.14 

JVj. 

«S.  P.^small  Price;  L.  P.  =  large  Price;  Hask.  =  Haskell.    Fiyure.s  given  are  the  number*  of  th 

meters. 
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Table  shoimng  effect  of  speed  of  meter  on  ohsert^ed  vetodty  an  found  by  the  integration 

method  in  ejrperiments  of  table  on  page  84. 


Experiments  Nos.  9  to  25,  omitting  Nos.  12, 16,  i 

&nd  24. 

£xperimcut8  Nob.  1  to  8. 

SjH'fd  of 

meter 

0.10  lo 

0.14. 

Spee<1  of 

meter 

0.14  to 

0.18. 

V  ' 

Hpeed  of 

meter 

0.18  to 

0.30. 

r-  \\ 
V 

Speed  of 

meter 

0.05  to 

0.15. 

r-r. 

V 

Speed  of 

meter 

0.15  to 

0.80. 

V  -  V'l 

y 

Feet  per 
fitcimd. 
0.118 
0.137 
0.135 
0.130 

Percent. 

-1.42 

-5.20 

-5.99 

-4.20 

Feet  per 
second. 
0.142 
0.164 
0.143 
0.142 
0.154 
0.151 
0.159 

Percent. 
-5.36 
-1.68 
-3.99 
-l.TJ 
-4.29 
-2.93 
-6.33 

Feet  per 
secimd. 
0.180 
0.188 
0.298 
0.258 
0.253 
0.2»4 

Per  cmt. 
~4.M 
-  3.02 
-6.74 
-9.51 
-0.78 
-4.94 

Fcetjyer 
second. 
0.056 
0.043 
0.082 
0.101 
0.079 
0.055 
0.061 

Percent. 
+2.65 
+4.54 
+0.02 
0.00 
+0.09 
-0.01 
+1.22 

Feet  per 

second. 

0.152 

0.270 

Percent. 
+2.60 
+5.35 

0.211 

+3.97 

This  ratio  is  positive  for  all  the  experiments  of  series  A,  and  is  nega- 
tiv^e  for  those  of  C  and  D.  This  difference  of  siffn  is  due  to  two  causes: 
(1)  The  meter  was  moved  faster  in  the  experiments  of  C  and  D  than 
in  those  of  series  A;  and  (2)  it  was  moved  through  only  14  feet  of  the 
width  in  series  C  and  D  and  through  nearly  15.5  feet  of  the  width  in 
series  A,  and  the  additional  1.5  feet  of  width  had  a  small  velocity. 
It  is  seen  from  the  above  table  that  for  low  velocities  the  error  in 
velocity  increases  as  the  speed  of  the  meter  increases.  The  table  on 
page  84  shows  this  effect  for  velocities  from  0.5  foot  to  2  feet  per 
second 

COMPAKISON    OP    RESULTS    OBTAINED    IN    1900   WITH    THOSE    OBTAINED 

IN  1901. 

Examining  the  plotted  results  in  figs.  16  (p.  69)  and  IS  (p.  70), 
it  is  seen  that  the  meter  discharge,  compared  with  the  corresponding 
weir  discharge,  is  somewhat  larger  for  the  work  of  1901  than  for  that 
of  1900  for  velocities  greater  than  1.4  feet  per  second.  This  can  not 
be  due  to  change  in  rating  of  the  meters,  for  an  increase  in  the  fric- 
tion in  a  meter  would  reduce  the  observed  velocity  and  make  the 
meter  discharge  too  small.  There  was  considerably  more  seepage 
into  the  canal  when  the  experiments  of  series  E  (1901)  were  made 
than  at  the  time  those  of  A,  B,  C,  and  D  (1900)  were  made.  There 
was  also  quite  a  little  surface  water  entering  the  canal  between  the 
weir  and  the  meter  section  in  the  experiments  of  series  E.  It  is  hardly 
possible,  however,  that  this  inflow  between  the  weir  and  the  meter 
section  could  amount  to  2  percent  of  the  canal  discharge.  It  must  be 
borne  in  mind  in  this  connection  that  the  discharges  obtjiined  in  1900 
for  velocities  greater  than  1.4  feet  were  in  shallow  water,  and  there- 
fore are  not  so  reliable  as  those  obtained  in  series  E. 

EFFECT  OF  METHOD  OF  HOLDING   METER  IN  WATER. 

In  some  of  the  experiments  the  meter  was  suspended  from  a  cable; 
in  others  it  was  held  in  the  water  with  a  rigid  rod.     In  the  latter  cases 
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its  axis  was  free  to  move  about  a  horizontal  axis;  in  the  former  cases 
it  was  free  to  move  about  a  vertical  as  well  as  a  horizontal  axis.  \Vheii 
used  with  a  cable  a  sinker  is  necessar}*^,  which,  being  attached  to  the 
under  side  of  the  meter,  keeps  the  axis  of  the  revolving  wheel  farther 
from  the  bottom  than  is  desirable  in  some  cases.  It  is  also  difficult  to 
keep  the  meter  in  any  desired  place  when  held  with  a  cable,  and  ii 
usually  changes  its  position  considerably  in  a  swift  current.  It  was  in 
order  to  measure  the  velocity  close  to  the  bottom  and  keep  the  meter 
at  a  desired  place  during  the  observation  that  in  man}'  of  the  exiM»ri- 
ments  the  meter  was  held  with  a  rod.  In  ordinary  river  gaging,  how- 
ever, the  Price  and  Haskell  metera  are  held  with  cables  and  the  meters 
are  I'ated  in  still  water  suspended  from  a  car  and  cable.  The  que^^ition 
then  arises:  ''Is  the  rating  table  for  a  meter  used  suspended  from  a 
cable  applicable  to  the  same  meter  held  with  a  rigid  rod  ? " 

On  December  30,  1900,  Mr.  E.  G.  Paul  made  two  ratings  of  small 
Price  meter  No.  351  in  still  water,  one  with  the  meter  held  with  a  rigid 
rod  and  the  other  with  the  meter  held  with  a  cable  and  a  5-pound  lead 
sinker.  In  the  following  tables  (pp.  87  and  88)  are  given  the  obsen-a- 
tions  and  computations  of  these  ratings.  The  second  column  ("time 
in  seconds")  gives  the  average  time  required  for  the  car  to  which  the 
meter  was  attached  to  move  over  a  run  of  100  feet,  and  again  over 
the  same  course  in  the  opposite  direction;  the  third  column  gives  the 
number  of  revolutions  observed  in  this  average  time;  the  seventh 
column  gives  for  each  of  these  cases  the  diflFerence  between  the  obser\e<l 
velocity  and  the  velocity  computed  from  the  old  rating  table  of  April 
23,  1900,  for  the  same  meter  held  with  a  cable.  The  tenth  colmnn  of 
the  first  table  (p.  87)  gives  the  difference  between  the  observed  velocities 
and  those  computed  from  the  new  rating  table,  which  is  based  on  meter 
rated  in  still  water  and  held  by  a  rigid  rod.  The  portion  of  this  new 
rating  table,  which  was  used  in  reducing  the  Cornell  experiments,  is 
given  on  page  81.  By  comparing  the  corresponding  quantities  in  the 
seventh  and  tenth  columns  of  this  table  it  will  be  seen  how  much  more 
closely  the  values  in  the  new  rating  table  fit  the  observations  than  do 
those  of  the  old  one.  The  tenth  column  shows  also  how  much  the  rela- 
tion between  the  revolutions  per  second  of  this  meter  and  the  velocity  as 
shown  by  these  observations  differs  from  the  "most  probable"  straight 
line,  y= 0.047+ 2. 313a?,  y  being  velocity  in  feet  per  second  and  x  rovt^ 
lutions  of  meter  wheel  per  second.  From  the  seventh  column  of  the 
table  on  page  87  it  is  seen  that  the  observed  velocities  are  larger  than 
the  computed  velocities,  indicating  more  friction  in  the  meter  on 
December  30,  1900,  than  on  April  23,  1900. 

The  "most  probable"  linear  relation  between  x  and  y  for  this  ca:*' 
of  the  meter  held  with  a  cable  was  found  to  be  y=0.067+2.321;r  The 
differences  in  the  tenth  column  show  that  this  line  does  not  tit  the 
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observations.  It  crosses  the  curve  given  by  the  observations  twice  as 
y  increases  from  1  to  8  feet  per  second.  The  rating  table  was  prepared 
by  using  this  line  as  a  basis,  applying  corrections  as  indicated  by  the 
corresponding  difference  of  the  tenth  column,  so  that  the  rating  tabic 
will  difference  smoothly.  The  numbers  in  column  12  show  how 
closely  the  observed  velocities  agree  with  those  computed  from  the 
new  rating  table  with  the  meter  held  with  a  cable. 

It  should  be  noted  tliat  the  smallest  observed  velocity  is  about  0.6 
foot  per  second  in  one  case  and  0.35  foot  in  the  other  case. 

Observations  and  annputalUms  of  a  rating  of  small  Price,  meter  No.  351  held  hy  rigid  rod, 

mtuleai  Chevy  Cluise,  Md,,  I)ereinl*er  SO,  190(). 


1. 

2  and  3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Ijenfirth  of  nin. 

No.  of 
obser- 
vation. 

100  feet. 

Revo- 
lutionH 

per 
second 

(X). 

Ol)- 

served 

veUxiity 

Com- 
puted 
velocity 

Differ- 
ence 

X* 

a-.'/ 

ReAld- 
uhI 

(f). 

r« 

Time. 

Revo- 
lutionH 
of  me- 

ter. 

Sec- 

f\fetp€r 

Frrtper 

Ft.  per 

ond*. 

aeccnul. 

nerond. 

iKconil. 

1 

9.25 

43.00 

4.648 

10.811 

10.815 

-.004 

21.604 

56.245 

+.059 

.008481 

■2 
3 

10.5 
16.0 

42.50 
43.00 

^4.048 
2.688 

«>9.524 
6.250 

9.405 
6.231 

+  .119 
+.019 

7.225 

16.800 

-.014 

.000196 

4 

22,5 

43.00 

1.911 

4.444 

4.414 

+  .030 

3.652 

8.493 

.022 

.00O4M 

6 

SS.O 

42.25 

1.207 

2.867 

2.797 

+.060 

1.467 

3.448 

+  .018 

.000324 

6 

45.0 

42.00 

0.983 

2.222 

2.183 

+.089 

0.870 

2.073 

+  .017 

.000289 

7 

53.0 

42.00 

0.7M 

1.887 

1.867 

+.020 

0.630 

1.498 

+.003 

.000009 

8 

54.5 

42.00 

0.774 

1.885 

1.823 

+  .012 

0.699 

1.420 

-.003 

.000009 

9 

68.0 

41.75 

0.614 

1.471 

1.461 

+.010 

0.377 

0.903 

+.0W 

.000016 

10 

85.5 

41.75 

0.488 

1.170 

1.174 

-.004 

0.238 

0.571 

-.006 

.000036 

11 

106.5 

41.00 

0.886 

0.939 

0.944 

-.005 

0.148 

0.362 

+  .001 

.000001 

12 

118.0 

41.00 

0.363 

0.885 

0.891 

-.006 

0.132 

0.321 

-.002 

.000004 

13 

154.0 

40.50 

0.263 

0.649 

0.669 

.020 

0.069 

o.m 

-.006 

.000036 

14 

lOT.O 

89.50 

0.201 

0.508 

0.522 

-.014 

0.040 

0.102 

-.004 

.000016 

15 

220.0 

89.00 

0.177 

0.455 

0.569 

-.014 

0.031 

0.081 

-.001 

.000001 

16 

293.0 

86.90 

0.126 

0.841 

0.351 

-.010 

0.016 

0.043 

-.003 

.000009 

15.572 

36.?24 

37.tf;S 

86.531 

.CO-lOIl 

a  Computed  from  rating  table  prepared  from  rating  of  April  23, 1900. 
fr Omitted  in  computing  S  x  and  %  y. 

NoTK. — Obfiervation  equation,  y—a—bx^v;  normal  equations,  a  Sz+b  S  z<=Z  orj/,  na+bSx^^Sy. 
For  theM  observations  these  become  15.572  a+37.088  2>^86.531, 15 a +15.5726^ 36.724.     The  solution 


of  these  gives  b=s2.31S  and  a— .047.    The  mean  error  of  a  single  observation 


able  error  of  result  is  6.746 


V. 
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Oltsermiicms  and  computations  of  a  rating  of  tnnall  Price  meter  No,  Sol  Jieid  by  cafJr, 

made  at  Chet^y  Chuse^  Md. .  December  30^  1900. 


1. 

2  aud  3. 

4. 

5. 

6. 

7. 

8. 

. 1 

9. 

10. 

11. 

li 

Len^rth  of  run, 

100  feet. 

Revo- 

Ob- 

Com- 

1 

Ck>ni- 

No.  of 

lutions 

nerved 

puted 

Differ- 

Resid- 

puted 

Differ 

obser- 

Revo- 

per 

veloc- 

veloe- 

ence 

x'- 

Jty 

ual. 

vekH'- 

enrt- 

vation. 

Time. 

lutions 

Hecond 

itv 

itv 

(y-y')- 

(f>. 

ftv 

<y->-"' 

of  me- 

(ar). 

(y). 

{in> 

—  

ter. 

Ft.  per 

Ft.  per 

-—   

Sec- 

Ft.  per 

Ft.  Titer 

ond». 

urcond. 

second. 

second. 

accond. 

1 

10.5 

42  00 

4.000 

9. 524 

9.300 

-I-.224 

2 

12.5 

42. 50 

3.400 

8.000 

7.900 

-I-.IOO 

11.560 

'n.2iX> 

+  .012 

7.9« 

+.02 

3 

16.5 

42.50 

2.576 

6.061 

5.967 

+.094 

6.636 

15.613 

+  .015 

6.(M 

-h.D21 

4 

21.5 

42.75 

1.990 

4.651 

4,588 

4-.063 

3.960 

9.256 

-.0»1 

4.68 

-.oay 

5 

26.0 

42.50 

1.635 

3.8-16 

3. 767 

+  .079 

2.673 

6. -288 

-.015 

Z.KV* 

-?-.0l'9 

6 

29.0 

42.50 

1.465 

3.448 

3.383 

+  .065 

2. 146 

5.051 

-.020 

3.443 

-  .Cf> 

7 

31.0 

42. 25 

1.363 

3.226 

3.151 

+.075 

1.85.S 

4.397 

-.OM 

S.290 

^.017 

8 

41.0 

42.50 

1.037 

2.489 

2.411 

+  .028 

1.075 

2.529 

-.034 

2,4.51 

.©IJ 

9 

60.0 

42.50 

0.850 

2.000 

1.990 

+  .010 

0.723 

1.700 

-.039 

2.(K4 

.021 

10 

61.0 

42.00 

0.688 

1.639 

1.624 

+  .015 

0.473 

1.128 

-.024 

1.6.W 

-.Olf* 

11 

70.0 

42.00 

0.600 

1.429 

1.430 

--.001 

0.360 

0.857 

.030 

1.4M 

-.025 

12 

80.5 

41.25 

0. 512 

1.242 

1.226 

+  .016 

0.262 

0.636 

-.018 

1.256 

-.014 

13 

90.5 

40.00 

0.442 

l.ltfS 

1.072 

+  .038 

0. 195 

0.488 

+  .012 

1.098 

+  .0»7 

14 

105,5 

89.00 

0.370 

0.949 

0.906 

+.041 

0.137 

0.351 

4-.  024 

0.938 

+  .011 

15 

125.0 

38.00 

0.804 

0.800 

0.759 

+  .041 

0.092 

0.243 

+.028 

0.790 

+  .010 

16 

140.0 

37.00 

0.264 

0.714 

0.671 

+.043 

0.070 

0.189 

+.(B5 

0.697 

-•-.017 

17 

171.0 

36.00 

0.215 

0.685 

0.556 

+  .029 

0.046 

0.126 

+.019 

0.585 

-ODD 

18 

184.0 

36.00 

0.196 

0.543 

0.607 

+  .036 

0.038 

0.106 

+.022 

0.541 

+  ,002 

19 

211.0 

35.75 

0.169 

0.474 

0.152 

+.022 

0.029 
32.3ai 

0.080 
76.239 

+.015 

0.479 

-.005 

18.076 

43. 151 

a  Computed  from  rating  of  April  23. 1900. 

b  Computed  from  rating  of  December  30, 1900. 

NoTK.— Most  probable  Htraight  line  given  by  these  observations,  2/=<.067+2.321z. 

The  following  table  shows  the  percentage  difference  of  velocity  for 
each  0.05  revolution  for  these  two  ways  of  holding  the  meter.  It  i> 
seen  that  a  given  number  of  revolutions  per  second  of  this  meter  indi- 
cates a  higher  velocity  when  it  is  held  with  a  cable  than  when  it  is  held 
with  a  rigid  rod,  and  that  this  percentage  difference  decreases  as  the 
velocity  increases.  In  other  words,  in  a  given  velocity  the  meter  will 
revolve  faster  when  held  with  a  rigid  rod  than  when  held  wnth  a  cable. 
It  must  be  remembered  that  the  values  given  in  this  table  for  veloci- 
ties less  than  about  0.5  foot  per  second  are  only  approximate,  since 
the  observations  do  not  extend  below  0.35  foot  per  second.  We  may 
say  that  if  the  rating  table  for  this  meter  held  with  a  cable  l>e  used  tu 
reduce  observations  made  with  the  meter  held  with  a  rigid  i-od,  thf 
results  will  be  in  error  from  1.3  per  (-ent  to  8.5  per  cent  for  velocMtit*^ 
from  1.5  feet  to  0.5  foot  per  second. 
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Ihble  nhoiring  jtercerUage  difference  in  velocity  as  shoum  by  trmall  lYice  meter  Xo,  S51 

wlieti  rated  in  ntill  vniter  on  a  rigid  rod  and  on  a  cable. 


Spt^ocl  of 

t* 

y. 

Vr-  y.  ' 

Speed  of 

y. 

y. 

yr~  y. 

melor. 

'r 

»'r         . 

meter. 
'R.pcr  gee. 

V, 

K,  wr  sfc. 

F.  jter  wc. 

F.pcr  »ec. 

Pir  cent. 

F.pcr  «r. 

F.]}er  9ec. 

/Vt  ernt. 

0. 15 

0.397 

0.433 

9.1 

0.60 

1.436 

1.455 

1.4 

0.20 

0.510 

0.550 

7.8 

0.65 

1.550 

1.568 

1.2 

0.  'ift 

0. 625 

0.666 

6.6 

0.70 

1.666 

1.682 

1.0 

0.30 

0.741 

0.781 

5.4 

0.75 

1.782 

1.796 

0.8 

0.35 

0.857 

0.894 

4.3 

0.80 

1.897 

1.910 

0.7 

0.40 

0.972 

1.006 

3.5 

0.85 

2.013 

2.024 

0.5 

0.45 

1.088 

1. 118 

2.8 

0.90 

2. 129 

'2.138 

0.4 

0.50 

1.204 

1.230 

2.2 

0.95 

2. 244 

2.-252 

0.4 

0. 55 

1.819 

1.842 

1.7 

1.00 

2.86 

2.37 

0.3 

Kr^'vehxiity  with  meter  rated  on  a  rigid  nnl. 
I'e  -vcl<K!ity  with  mi-ter  rated  on  a  oalile. 


Small  Price  meter  No.  351  was  again  rated  three  times  on  May  9, 

1901.     It  was  held  (1)  with  a  cable,  using  an  18-pound  sinker;  (2)  with 

a  rod,  the  meter  being  free  to  tip;  and  (8) 

with  a  rod  and  the  meter  not  free  to  tip. 

Space  will  not  permit  th«  insertion  of  the 

observed  data  or  the  computations,   but 

the  results  are  plotted  in  fig.  29,  using  Ii= 

revolutions   per  second   as   abscissae   and 

^     V         . 
h  —  o=i'atio  of  velocity  to  revolutions  as 

ordinates.  It  is  seen  that  these  rating  ob- 
servations give  a  separate  curve  for  each 
of  these  cases.  The  value  of  K  for  any 
value  of  H  for  one  cuitc  is  very  diflferent 
from  that  for  the  other  curves  for  veloci- 
ties less  than  about  3  feet  per  second.  For 
example,  for  ^=0.3,  /r=2.755  for  case  1 
(curve  AE)^  2.585  for  case  2  (curve  BE)^ 
and  2.485  for  ease  3  (curve  DF).  The  co- 
efficient is  largest  when  the  meter  has  the 
most  freedom  of  motion  and  least  when  it 
has  no  freedom  of  motion.  As  the  velocity 
for  a  given  mimber  of  revolutions  varies 
directly  with  K^  the  velocity  decreases  as 
the  freedom  to  tip  about  a  horizontal  axis 
and  to  swing  around  a  vertical  axis  de- 
creases. Or,  stated  in  the  other  way,  in  a  current  of  a  given  velocity 
the  revolutions  increase  as  the  freedom  of  motion  decreases.  Kiich 
of  these  cases  therefore  recjuires  a  separate  rating  table. 
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Pio.  29.— Curves  showlnur  relation  be- 
tween revolutions  of  meter  and  ratio 
between  velocity  of  water  and  revo- 
liition.H  of  meter  from  three  ratings 
of  small  Price  meter  No.  351  at  Chevy 
Cluiae,  Md.,  May  9,  1901.  Croened 
circles  are  for  obflervations  with  me- 
ter held  with  cable,  an  18-pound 
sinker  being  used.  Heavy  black 
dots  are  for  observations  with  meter 
held  with  rod  and  free  to  tip.  Open 
(;Ircle8  are  for  observations  with  me- 
ter held  with  rod  and  not  free  to  tip. 
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SURFACE    VEIiOCITY    EXPERIMENTS    WITH    FLOAT    liODS    AND    WITII 

CURRENT  METERS. 

It  was  noticed  during  the  weir  and  current-meter  comparisons  that 
the  shape  of  the  vertical  velocity  curve  near  the  surface  obtained  with 
a  small  Price  meter  was  quite  different  under  certain  conditions  from 
that  obtained  with  the  Haskell  meter  under  the  same  conditions.  ThL< 
peculiarity  can  be  seen  in  the  simultaneously  obtained  curves  of  fig.  30. 
The  Haskell  meter  indicates  a  higher  surface  velocity  than  the  Price 
meter.  By  surface  velocity  obtained  with  a  meter  is  meant  that 
obtained  when  the  revolving  part  of  the  meter  is  entirely  under  water 
all  of  the  time  and  yet  as  close  to  the  surface  as  possible.  For  the  three 
meters  used  in  these  surface  velocity  observations  the  distance  of  the 


Fio.  80. — Vertical  .velocity  curves  from  simultaneous  experiments  of  scries  E  with  smiiU  l*riee 
meter  No.  863  and  with  Haskell  meter  No.  3.  Ltirge  black  dots  are  for  Price  meter,  open  circles 
for  Haskell  meter. 

center  below  the  surface  was  as  follows:  Small  Price  meter  No.  351, 
from  2.5  to  3  inches;  Fteley  No.  107,  from  3  to  3.5  inches;  Haskell 
No.  3,  from  4  to  4.5  inches. 

In  order  to  investigate  this  matter  further  the  surface  velocity  of  a 
part  of  the  canal  was  measured  sinmltaneously  with  floats  and  with 
two  current  meters.  The  floats  used  were  6-inch  cubes  of  wood  loaded 
with  lead  so  as  to  have  an  immersion  of  5J  inches.  Surface  floats  of 
wood  6  inches  by  6  inches  by  1  inch  thick  were  also  used.  These  were 
started  near  the  center  of  the  canal  18  feet  above  the  upper  wire  and 
timed  over  a  run  of  60  feet.  Any  that  passed  the  lower  wire  within  2 
feet  of  either  side  were  not  used  in  computing  velocity.  The  meters 
were  held  10  feet  below  the  lower  wire,  the  Haskell  at  5  and  7  feet 
from  the  south  side  of  the  canal,  the  Price  at  9  and  11  feet  from  the 
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south  side,  and  the  revolutions  were  counted  for  periods  of  forty 
seconds.  The  results  of  the  experiments  are  given  in  the  following 
table: 


Ouinparvscn  of  surface,  wl^xrity  measured  tPUhflwtt  rmU  and  ivith  nirrejtt  vwtern. 


Small  Price  meter  No.  STA. 

Haskell  meter  No.  3. 

Number 

of  float 

obnerva- 

tions. 

Velocity 
with 
floatn. 

Number 

of  40- 

Hecoiirt 

|)erio<lN. 

Velocity 

with 

meter. 

Number 

of  float 

observa- 

tioiLS. 

Velocity 

with 

floats. 

Number ' 

of40- 

second 

periods. 

13 
12 
10 

U 
12 
13 

Feci  per 

neconti. 

3. 122 

3.076 

3.030 

10 
12 
13 

Frtt  ]Hr 

gtHtnul. 

2.794 

2.H06 

2.  HIS 

13 
12 
10 

Ftti  per 

»econd. 

3.0H3 

3.144 

3.135 

36 

3.076 

36 

2.806 

35 

8.121 

35 

Velwitv 

with 

meter. 


Feet  per 

second. 

8.171 

3.187 

3.165 


3. 174 


During  the  foregoing  observations  the  depth  of  water  in  canal  was 
6.04  feet,  its  mean  velocity  2.8  feet,  and  the  discharge  275.3  cubic 
feet  per  second.  The  float  velocity  that  is  compared  with  the  Price 
meter  velocity  is  obtained  from  the  floats  passing  the  lower  wire  from 
2  to  8  feet  from  the  south  side  of  canal;  that  which  is  compared  with 
the  Haskell  meter  velocity  is  found  from  the  floats  paasing  the  lower 
wire  from  8  to  14  feet  from  the  south  side  of  canal.  It  is  seen  that  in 
each  experiment  the  float  velocity  is  greater  than  that  of  the  Price 
meter  and  less  than  that  of  the  Haskell  meter.  The  mean  float 
velocity  for  the  three  experiments  is  8.8  per  cent  greater  than  the 
velocity  with  the  Price  meter  and  1.7  i)er  cent  less  than  that  with  the 
Haskell  meter. 

It  was  thought  that  possibly  this  failure  of  the  small  Price  meter  to 
give  correct  surface-velocity  indications  was  due  to  wave  motion  of 
the  meter.  Another  experiment  was  therefore  made  with  the  floats 
and  with  the  meter  held  with  a  rod  and  not  free  to  tip.  Fteley  electric 
meter  No.  107  was  also  used  in  place  of  the  Haskell  meter.  The  floats 
were  started  at  many  points  in  the  width  of  the  canal  and  were  timed 
over  a  run  of  50  feet.  Those  that  came  within  2  feet  of  either  bank 
were  not  used  in  computing  the  velocity.  The  meters  were  held  24 
feet  below  the  lower  wire  at  points  from  0  to  7  feet  from  the  center, 
and  the  revolutions  were  counted  for  50-second  periods. 

The  mean  surface  velocity  shown  by  the  small  Price  meter  from 
thirty-two  50-second  periods  is  1.967  feet,  and  the  corresponding  float 
velocity  obtained  from  ten  floats  passing  from  2  to  8  feet  from  the 
south  side  of  canal  is  2.146  feet.  The  corresponding  surface  velocity 
shown  by  the  Fteley  meter  is  2.074  feet,  and  by  the  floats  from  8  to 
14  feet  from  the  south  side  of  canal,  2.137  feet.  The  float  velocity  is 
8.3  per  cent  greater  than  the  Price  meter  velocity  and  2.95  per  cent 
greater  than  the  Fteley  meter  velocity.     The  diflference  between  the 
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float  and  the  Price  meter  velocities  is  about  the  same  as  in  the  previoicj 
experiments. 

During  this  experiment  the  Price  meter  was  held  3.5  feet  from  the 
south  side  of  canal,  with  its  center  2i  inches  below  the  surface  for 
seven  SO-second  periods,  and  again  with  its  center  4.5  inches  Ijclow 
the  surface  for  about  the  same  length  of  time.  The  mean  velocity  it 
2f  inches  depth  was  1.884  feet,  and  at  4.5  inches  depth  it  was2.J85 
feet.  The  float  velocity  at  this  point  was  2.137  feet.  The  indicated 
velocity  increased  7.4  per  cent  as  the  meter  was  lowered  If  inches. 
The  float  work  in  this  experiment  is  not  very  satisfactor3\ 

On  May  20  vertical-velocity -curve  data  were  taken  with  small  Price 
meter  No.  351  and  with  Haskell  meter  No.  3  for  different  mean  velwi- 
ties,  with  a  view  to  determining  the  magnitude  of  this  error  at  differ- 
ent velocities  and  depths  below  the  surface.  The  Haskell  meter  was 
held  with  a  cable  1  foot  south  of  the  center  of  the  canal  and  244  feet 
from  the  weir;  the  Price  meter  was  held  with  a  cable  1  foot  norlh  of 
the  center  of  canal.     The  following  data  were  obtained: 

Velocities  near  the  nurface  of  Cornell  Universily  expenment  canal  as  found  tcUh  ssnaU 

Price  meter  No.  351,  and  nnth  Haskell  meter  No.  S. 


Small  Price  meter  No 

.S61.a 

Haskell  meter 

No.S.^ 

arfwT. 

3. 

8.5 

Number  of  run. 

Depth  below  surface,  in  inches. 

Depth  below  si 
in  incha 

2.6 

4.6 

6.6 

8.5 

4.6 

0 

0.692 

1.015 

1.348 

1.460 

1.552 

6.5 

St'cond 

0.4S2 
0.656 
0.936 
1.297 
1.480 
1.611 

0.490 
0.595 
0.958 
1.281 
1.457 
1.556 

0.482 
0.575 
0.958 
1.320 
1.389 
1.533 

"6."  942* 
1.299 
1.434 

0              0 

Third 

0.615        0.fl)S 

Fourth 

1.032        1.U10 

Fifth 

1.325   - 

Sixth 

1.392 

1.412 

Seventh  

1.672 

«  Metor  held  with  cable  1  foot  north  of  canal  center  and  244  feet  from  weir. 
b  Hetor  held  with  cable  1  foot  south  of  canal  center  and  244  feet  from  weir. 

Each  run  lasted  about  half  an  hour,  during  which  time  the  mean 
velocity  remained  Constant.  These  results  indicate  that  for  velocities 
less  than  1.5  feet  the  difference  between  the  velocities  indicated  bv 
these  meters  is  small  from  the  surface  to  a  depth  of  8.5  inches. 

In  the  upper  right-hand  corner  of  fig.  30  is  a  vertical  velocity  curve 
prepared  from  thirty-five  50-second  observations  taken  in  forty  min- 
utes 7  feet  from  the  south  side  of  the  canal,  at  a  station  220  feet  from 
the  weir,  with  small  Price  meter  No.  351.  It  shows  a  decrease  of  tS.5 
per  cent  in  the  velocity  2f  inches  below  the  surface. 

From  these  float  and  current-meter  surface  velocity  experiments  we 
conclude  that  a  small  Price  meter  will  not  measure  velocity  correctly 
when  its  center  is  within  0.5  foot  of  the  surface,  if  the  velocity  be 
greater  than  1.5  feet  per  second,  and  that  this  error  increases  from  0 
at  about  0.5  foot  below  the  surface  to  8  or  9  per  cent  at  2.5  inches 
below  the  surface. 
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LOW  VELOCITY  CURRENT  METER  AND   WEIR    COMPARISONS. 

The  current-meter  and  weir-discharge  comparisons  described  on 
pages  58  to  80  seem  to  indicate  that  for  velocities  less  than  about  0.5 
foot  per  second  the  discharge  given  by  the  meter  is  less  than  tlmt  given 
by  the  weir,  and  that  this  difference  increases  as  the  velocity  decreases. 
With  a  view  to  examining  this  point  further,  small  Price  meter  No. 
375  was  rated  on  October  26,  1901,  and  the  Fteley  meter  No.  107  on 
November  1,  in  the  10-foot  canal  at  Cornell  University.  A  chrono- 
graph was  used  to  indicate  the  time  and  revolutions.  The  rating  in 
each  case  was  carried  to  velocities  less  than  0.2  foot  per  second;  for 
these  lower  velocities  the  motion  of  the  car  was  not  very  steady.  On 
October  25,  November  1  and  20  comparative  measurements  of  the 
discharge  of  the  10-foot  canal  were  made  with  these  two  meters  and 
with  the  standard  weir,  using  the  0.6  depth  method.  The  results  are 
given  in  the  following  table: 


Low  velocity  curreiU  meter  and  ataiidard  weir  discharge  comparisons. 


Bate. 


1901. 
October  25 . . 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

November  1 

Do 

Do 

Do 

Do 


Small  I*rlce  meter  No 

.375. 

Depth 
water. 

Mean  velocity. 

vv-r„ 

Weir 

Meter 

v^ 

Feet. 
7.79 
7.62 
7.70 
7.90 
8.02 
8.12 
8.25 
7. 96 
9.05 
,      8.79 
o.  na 
8.36 
8.24 

Feet. 

.564 

.401 

.506 

.630 

.712 

.776 

.863 
taut 

1.454 

1.267 

1.098 

.951 

.872 

J^et. 

.468 

a.  166 

a.  890 

.627 

.646 

.715 

.826 

.611 

1.427 

1.259 

1.080 

.890 

.SSO 

Prr  ct. 
+17.0 
+58.8 
+23.2 
+14.7 
+  9.1 
+  7.9 
+  4.3 
+  8.9 
+  1.8 
+  0.0 
+  1.7 
+  6.4 
+  5.1 

Date. 


1901. 
November  1. 

Do 

Do 

Do 

November  20 

Do 

Do 

Do 

Do 

Do 


Fteley  meter  No.  107. 


Depth. 


Feet. 
8.79 
8.  5ii 
8.86 
8.24 
7.07 
7.45 
7.72 
7.96 
7.31 
7.08 


Mean  velocity. 


VV 


Fed. 
1.257 
1.098 
.951 
.872 
.IM 
.361 
.529 
.674 
.286 
.169 


Feet. 
1.277 
1.129 
.957 
.907 
.127 
.322 
.522 
.693 
,263 
.142 


Perct. 

-  1.6 

-  2,8 

-  0.7 

-  4.0 
+17.5 
+10.8 
+  1.3 
+  2.9 
+11.5 
+10.0 


a  No  measurable  velocity  in  tiome  partii  of  section. 

The  results  for  the  Fteley  meter  are  plotted  in  fig.  31,  and  those  for 
the  Price  meter  in  fig.  32. 

Some  of  thase  discharge  measurements  were  made  just  previous  to 
the  rating  of  the  meters,  and  the  remainder  only  a  short  time  after. 
They  indicate,  as  in  the  other  comparisons,  that  the  meter  discharge 
obtained  in  this  canal  by  this  method  is  less  than  the  corresponding 
weir  discharge  for  low  velocities.  Whether  this  diflference  was  due  to 
imperfect  rating  of  the  meter,  to  the  method  of  measuring  the  dis- 
charge, to  the  condition  of  the  water  in  this  canal,  or  to  the  meters 
themselves  was  then  to  be  considered.  It  was  frequently  noticed  that 
the  rate  of  rotation  of  the  meter  wheel  was  very  irregular  in  this  canal 
when  the  velocity  was  small. 
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The  following  table  shows  the  irregularity  of  motion  of  the  water 
in  the  10-foot  canal  as  compared  with  that  in  the  8-foot  entraooe  to 
the  6-foot  canal: 

Table  shawiruj  irretjuJUirUy  of  motion  of  vxiter  in  10-foot  cantd  mid  S-foot  enlranee  to  (rj^nA 

caned,  Cornell  Vmversity  hydraulic  laborcUory. 


Speed  in  lO-fttot  cana 

1, 

Speed  of  meter  In  3-foot  canal.         < 

Fteley  meter. 

Fteley  meter. 

Small  Price  meter. 

Fteley  meter. 

Revohi- 
tioiiH. 

Time. 

Itevohi- 

tloilfl. 

Time. 

Revolu- 
tions. 

Time. 

Revolu- 
tions. 

1 
Time. 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

Seconds. 
32.0 
23.4 
22.9 
25.1 
28.5 
23.9 
23.0 
29.0 
28.8 
28.7 
31.1 
48.5 
25.5 
84.4 
27.0 
82.5 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

Seconds. 
20.9 
27.0 
22.7 
26.0 
24.9 
24.9 
26.9 
26.1 
24.3 
23.7 
28.0 
22.5 
21.5 
21.6 
25.9 
25.3 

3 
8 
3 
3 
3 
3 
3 
3 
3 

Seamds. 
24.0 
25.0 
24.3 
24.0 
24.7 
24.1 
24.6 
24.4 
24.0 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

.Second*. 
27.0 
27.0 
27.2 
27.3 
27.5 
26.8 
2S.0 
27.9 
27.0 
27.2 

24.34 

27.19 
v=0.327 

28.99 
t»=0.230 

24.46 
r=0.268 

It  is  seen  that  for  a  velocity  of  0.23  foot  per  second  in  the  large 
canal,  the  variation  is  from  21  per  cent  below  to  67.3  per  cent  above 
the  mean,  and  for  a  velocity  of  0.253  foot  per  second  the  variation 
from  the  mean  is  from  14.5  per  cent  below  to  14.5  per  cent  above  Uie 
mean.  In  the  entrance  to  the  small  canal  the  variation  is  only  from 
1.5  per  cent  below  to  2.9  per  cent  above  the  mean  for  a  mean  velocity 
of  0.327  foot. 

If  this  irregularity  of  motion  of  the  water  is  due  to  conflicting  cur- 
rents which  strike  the  current  meters  obliquely,  the  difference  between 
meter  and  weir  discharge  may  be  mainly  due  to  this  cause.  There  is 
some  reason,  however,  for  thinking  it  may,  in  part  at  least,  be  due  to 
the  imperfect  rating  in  still  water.  This  Fteley  meter  No.  107  is  one 
of  the  two  meters  used  in  the  tests  of  low-water  stream  measurements 
described  on  pages  lOO  to  105.  During  the  progress  of  this  work  it 
was  rated  at  Chevy  Chase,  Md.,  by  Mr.  Stewart  and  the  writer.  This 
rating  shows  a  change  of  about  1  per  cent  in  velocities  from  0.6  to  1.^ 
feet  per  second,  and  a  much  larger  percentage  change  for  very  low 
velocities.  This  increase  in  friction  of  the  meter  shown  by  the  two 
ratings  was  not  anticipated.  There  was  an  interval  of  fourteen  months 
between  the  ratings,  but  the  meter  had  not  been  used  much,  and  only 
in  the  laboratory.  The  conditions  during  the  secondrating  were  quite 
different  from  those  of  the  first,  and,  on  the  whole,  not  so  favorable 
for  accurate  work.  In  the  first  rating  the  water  was  clear,  still,  and 
warm.     A  chronograph  being  used,  time  and  revolutions  could  be  read 
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to  tenths.  The  motion  of  the  car  was  somewhat  unsteady.  In  the 
second  rating  the  water  was  muddy,  cold,  and  had  a  small  irregular 
velocity,  and  there  was  some  wind.  The  motion  of  the  car  was  steadier 
than  during  the  first  rating.  The  distance  passed  over  by  the  car 
for  whole  number  of  revolutions  was  read  to  0.5  foot.  The  i*ating 
table  obtained  from  the  second  rating  was  used  in  computing  the 
meter  discharge  of  4:  feet  wooden  flume  in  test  of  low-water  stream 
measurements,  and  these  results  show  a  close  agreement  of  meter  and 
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Fig.  31. — Dia^cram  xhowing  result  of  rating  in  Ktill  and  moving  water,  Ftcley  nieler. 

Cippoletti  weir  discharges  even  for  low  velocities.  The  first  rating, 
oil  the  face  of  it  alone,  is  more  accurate  than  the  second;  and  as  it  is 
not  uncommon  for  a  meter  to  change  its  rating  that  amount  in  that 
time,  the  evidence  is  not  conclusive. 

In  view  of  the  fact  that  current  meter  and  weir  discharge  measure- 
ments differ  so  widely  for  low  velocities,  whether  due  to  the  meter  or 
to  the  condition  of  the  water,  the  discharge  should  not  be  measured 
with  a  current  meter  in  a.  section  where  the  mean  velocity  in  any  con- 
siderable part  of  it  is  less  than  half  a  foot  per  second. 
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CURRENT  METER  AND   PITOT  TUBE  COMPARISONS. 

With  a  view  to  obtaining  some  data  bearing  on  the  adaptability  of 
a  Pitot  tube  for  stream  measurements,  the  writer  obtained  a  tube  of 
the  Darcy-Ritter  type,  somewhat  like  that  in  fig.  2,  and  measuTHl 
with  it  the  discharge  of  the  6-foot  canal  in  the  Cornell  Univen?it\ 
hydraulic  laboratory.  He  also  made  some  relative  ratings  of  a  Pitu 
tube  of  the  point  and  wall  pressure  type,  and  two  current  meters 
in  the  entrance  to  this  6-foot  canal.  The  velocity  in  this  canal  wa> 
small,  and  the  tube  was  not  a  good  one,  or,  at  least,  was  not  in  good 
condition.     The  results,  therefore,  are  not  given.     They  serve  only  to 
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Fig.  32. — Diagmm  showing  results  of  rating  in  still  and  moving  water,  small  Price  meter. 

emphasize  the  fact,  noted  by  others,  that  this  instrument  is  poorl\ 
adapted  to  measurement  of  flow  in  open  channels,  and  is  vastly  inferiir 
to  the  current  meter  for  this  purpose. 

APPLICATION   OF   RESULTS  TO  ORDINARY   RIVER  GAGING. 

It  has  been  shown  that  the  discharge  of  the  Cornell    Univen^it\ 
canal  can  be  measured  with  a  small  Price  current  meter  by  the  orii 
nary  point  method  with  an  error  of  not  more  than  1  per  cent  und*  r 
favorable  conditions.     This  degree  of  accuracy,  however,  can  seldtur 
be  attained  in  ordinary  river  gaging,  as  the  conditions  are  not  s* 
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favorable  for  accurate  work.  The  bed  of  the  Cornell  canal  is  hard, 
smooth,  and  regular  in  shape;  the  bed  of  a  river  is  frequentl}'^  of  soft 
material,  into  which  the  meter  will  settle,  or  is  gravelly,  stony,  and 
irregular  in  shape.  There  are  no  shallow  parts  in  the  canal  the  depth 
and  velocity  of  which  it  is  difficult  to  measure  with  accuracy,  but 
frequently  there  are  one  or  more  of  these  in  a  river  discharge  section. 
There  is  a  good  measurable  velocity  in  all  parts  of  the  canal  for  all 
depths,  while  in  a  river  there  are  frequently  parts  in  which  the  velocity 
is  too  small  for  accurate  measurement.  The  change  in  velocity  from 
one  point  to  another  in  a  discharge  section  is  f  requentl}'  greater  in  a 
river  than  in  the  canal,  on  account  of  obstructions.  Fluctuations  of 
the  surface  elevation  are  also  larger  in  a  river  than  in  the  canal.  On 
these  accounts  it  is  to  be  expected  that  ordinary  river  discharge 
measurements  may  be  several  per  cent  less  accurate  than  those  of  this 
canal. 

In  river  gaging  work,  however,  it  is  not  alone  accurate  discharge 
measurements  that  are  required,  but  it  is  the  accurate  measurement 
of  the  volume  passing  the  gaging  station  each  day  and  each  month. 
The  accuracy  of  daily  and  monthly  flow  of  a  stream  depends  on  the 
accuracy  of  the  discharge  curve,  or  the  relation  between  the  total 
discharge  and  the  river  stage,  and  on  the  accuracy  of  measurement 
of  the  fluctuation  of  river  stage.  The  latter  is  quite  as  important  as 
the  former,  and  improvement  in  it  should  keep  pace  with  improve- 
ments in  the  former. 

ACCURACY  OF  RESULTS. 

The  discharge  of  the  Cornell  University  standard  weir  is  computed 
from  Bazin's  formula.  It  is  not  possible,  however,  to  measure  the  head 
on  the  weir  in  exactly  the  same  way  that  Bazin  measured  the  head  on 
his  weir,  so  that  this  formula  is  not  strictly  applicable  to  this  weir. 
From  experiments  made  at  the  Cornell  hydraulic  laboratory,  how- 
ever. Prof.  G.  S.  Williams  believes  that  the  actual  discharge  of  the 
Cornell  weir  will  not  differ  from  that  computed  by  Bazin's  formula 
by  more  than  1  per  cent  for  heads  up  to  1.5  feet,  nor  more  than  3  per 
cent  for  heads  up  to  2.5  feet. 

The  results  given  in  the  tables  have  been  obtained  with  five  current 
meters  operated  in  three  ways  by  several  observers.  In  several  of  the 
experiments  simultaneous  measurements  were  made  with  two  meters, 
so  that  we  have  several  checks  on  the  work.  We  have  not  carried 
any  of  the  computations  beyond  the  third  decimal  place,  believing 
that  the  length  of  a  meter  observation,  the  method  of  obtaining  frac- 
tional parts  of  a  revolution  of  the  meter  wheel,  the  uncertainty  in  the 
exact  location  of  the  vertical  velocity  curve,  and  the  pulsations  in  the 
water  do  not  warrant  even  this  degree  of  accuracy.  In  closely  study- 
ing the  results  some  little  inaccui*acies  will  be  found,  as  all  the  results 
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are  not  obtained  in  exactly  the  same  way,  though  they  are  believed  to 
be  substantially  correct. 

In  comparing  the  results  of  these  experiments  with  results  obtained 
by  other  experimenters  it  must  be  remembered  that  we  have  us^ 
smaller  velocities  in  many  of  our  experiments  than  were  used  by  them. 
In  Fteley  and  Stearns's  comparisons  (p.  58)  the  smallest  mean  velocitj 
is  1.7  feet,  in  Henry's  (p.  50)  the  smallest  is  3  feet,  in  Bazin's  (p.  4G| 
the  smallest  is  1.25  feet,  in  Francis's  (p.  54)  it  is  0.5  foot,  and  in  Marr's 
(p.  49)  2.4  feet.  For  these  and  higher  velocities  our  meter  i*esults  by 
the  ordinary  metho.l  agree  closely  with  those  given  by  the  weir.  We 
are  unable  to  find  any  comparisons  by  other  experimenters  for  veloci- 
ties less  than  1  foot  per  second,  except  a  few  by  Francis  with  rods  and 
those  at  Cornell  with  rods  (p.  57.)  The  large  disagreement  between 
meter  and  weir  is  for  the  low  velocities,  a  field  into  which  apparently 
few  experimenters  have  entered. 

CONCLUSIONS.*' 

The  conclusions  to  be  dniwn  from  these  experinx^nts  ma\'  be  briefly 
sunmiarized  as  follows: 

(1)  Discharge  measured  with  current  meter  by  the  ordinary  (point) 
method  agrees  with  that  given  by  the  Cornell  standard  weir  within  ^ 
per  cent  for  velocities  above  1.5  feet  per  second.  (See  tables  on  page^ 
65  to  68  and  71.) 

(2).  For  velocities  less  than  1.5  feet  per  second  the  discharge  found 
with  the  Price  meters  is  less  than  the  corresponding  weir  discharge. 
and  the  difference  increases  rapidly  as  the  velocity  decreases.  (See 
tables  on  pages  65  to  68.) 

(3)  For  velocities  less  than  about  1.5  feet  per  second  the  discharge 
found  with  the  Haskell  meter  is  greater  than  that  of  the  weir,  and  the 
difference  increases  as  the  velocity  decreases^  This  difference  is  6  per 
cent  for  a  velocity  of  0.75  foot  per  second.     (See  fig.  16.) 

(4)  The  discharge  of  the  Cornell  canal  can  be  measured  with  a  !>uiall 
Price  meter,  ordinary  point  method,  with  an  error  of  not  more  than 
1  per  cent  under  favorable  conditions,  a  velocity  observation  lasting 
fifty  seconds  being  taken  in  each  2.3  square  feet  of  dischai-ge  area. 

(5)  When  the  most  accurate  results  are  desired  the  meter  should  lie 
held  with  a  rod  and  not  given  freedom  to  tip. 

(6)  Velocities  of  1.5  feet  per  second  and  upward  obtained  with  a 
small  Price  meter  when  its  center  is  closer  to  the  surface  than  0.5  foot 
are  too  small  by  from  0  to  9  per  cent.  This  error,  however,  decrease> 
from  maximum  at  the  surface  to.O  at  about  0.5  foot  depth. 

(7)  The  small  Price  meter  will  measure  velocities  of  1  foot  per  >t*c- 
ond  and  less  more  accurately  than  either  the  large  Price  meter  or  the 

usee  uImj  i>i>.  137,  138,  150,  151,  and  160. 
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Haskell  meter.  It  appears  from  these  experiments  that  the  smallest 
velocity  that  these  meters  will  measure  with  a  fair  degree  of  accuracy 
is  0.5  foot  for  the  large  Price  meter  and  the  Haskell  meter  and  0.22 
foot  for  the  small  Price  meter.     (See  fig.  16.) 

(8)  The  small  Price  meter  should  be  frequently  rated,  and  it  should 
be  used  with  much  care  if  accurate  results  are  required. 

(9)  The  six-tenths-depth  method  gives  discharge  from  2  to  6  per 
cent  in  excess  of  that  by  the  weir,  depending  on  the  ratio  of  width  to 
depth.     (See  fig.  17.) 

(10)  The  integration  method  as  a  rule  gives  results  in  excess  of 
those  given  by  the  weir,  the  difference  increasing  with  the  speed  of 
the  meter  and  decreasing  as  the  velocity  increases.  (See  fig.  17  and 
tables  on  pages  84  and  85.)  By  using  special  care  in  moving  the 
meter  at  a  slow  speed  and  a  uniform  rate  it  may  be  possible  to  obtain 
better  results  by  this  method  than  those  shown  by  these  experiments. 
A  device  like  Harlacher's  (page  38)  for  giving  the  meter  a  uniform 
motion  will  increase  the  accuracy  somewhat.  We  do  not  believe, 
however,  that  the  little  saving  of  time  of  this  method  over  that  by 
the  mid-depth  or  the  six-tenths-depth  will  warrant  the  use  of  any  such 
device.  The  method  is  useful  only  as  a  rough  check  on  one  of  the 
other  methods. 

(11)  The  thread  of  maximum  velocity  is  at  the  surface  for  depths 
less  than  2  feet  and  unobstructed  flow  at  the  lower  end  of  the  canal. 
For  depths  of  5  feet  or  more  and  discharge  checked  at  the  lower  end 
of  the  canal  this  thread  is  from  two-tenths  to  four-tenths  depth  below 
the  surface,  the  mean  for  thirty -one  experiments  being  thirty-one- 
hundreds  depth.     (See  table  on  page  78.) 

(12)  The  position  of  the  thread  of  mean  velocity  varies  from  five- 
tenths  depth  for  small  depths  to  seventy-three-hundredths  depth  for 
the  larger  depths.  For  the  thirty-one  experiments  by  the  ordinary 
method  of  series  C  and  D  it  is  sixty-four  hundredths  depth  below  the 
surface.     (See  table  on  page  78.) 

(13)  The  surface  velocity  is  always  greater  than  the  bottom  velocity 
with  center  of  meter  0.25  foot  above  bottom.     (See  figs.  23  to  28.) 

(14)  The  ratio  of  bottom  velocity  to  mean  velocity  varies  from  0.6 
to  0.9,  being  0.8  for  the  experiments  of  series  A,  0.75  for  series  C,  and 
0.85  for  series  D.     (See  table  on  page  79.) 

(15)  The  ratio  of  mean  velocity  to  mid-depth  velocity  varies  from 
0.90  to  0.99,  the  mean  of  forty  experiments  being  0.95.  (See  table  on 
page  79.) 

(16)  The  average  of  the  velocities  0.5  foot  above  the  bottom  and 
0.5  foot  below  the  surface  is  from  —2.2  per  cent  to  +30  per  cent  less 
than  the  m^ean  velocity  shown  by  the  weir.     (See  table  on  page  83.) 

(17)  A  small  Price  meter  will  revolve  faster  in  moving  water  of  a 
given  velocity  when  held  with  a  rigid  rod  than  when  held  with  a 


100  ACCURACY    OF   STREAM   MEASUREMENTS.  [»o.». 

cable.     (See  table  on  page  89.)     Hence  the  same  luting  table  will  not 
answer  for  both. 

(18)  The  bottom  velocity  varies  between  so  wide  limits  that  it  is  not 
a  desirable  quantity  to  use  in  computing  discharge;  the  mid -depth  or 
the  six-tenths-depth  is  better. 

TKST8  OF  LiOW- WATER  STREAM  MEASirRKMEXTS. 

A  knowledge  of  the  summer  flow  of  streams  is  ver}"  important,  for 
on  the  minimum  flow  depends  mainly  the  value  of  the  stream  f<»r 
water-supply  and  power  purposes.  This  summer  flow  is  very  small 
in  some  streams,  in  others  it  is  nothing;  even  the  larger  ones  bec4)ni^ 
very  shallow  during  the  low  water  season.  The  importance  of  a 
knowledge  of  the  smallest  summer  flow  of  streams  has  caused  numer- 
ous measurements  to  be  made  of  small  amounts  of  wat^r  flowing, 
usually,  in  a  broad  shallow  channel.  On  account  of  the  expense  of 
constructing  a  measuring  weir  on  a  stream  the  current  meter  is  the 
instrument  used  for  measuring  minimum  as  well  as  ordinary  flow. 
Frequently  this  mininum  flow  can  not  be  measured  at  the  gaging 
station  on  account  of  the  small  velocity.  It  is  necessar}'  to  go  up  or 
down  stream  from  the  gaging  station,  and  find  a  place  where  the  depth 
is  at  least  half  a  foot,  bed  not  too  rough,  and  the  velocit3'  from  o.h  to 
1.5  feet  per  second.  Some  Western  streams  have  a  minimum  flow  of 
0.75  to  4  second-feet,  a  gmvelly  or  sandy  bed',  a  minimum  depth  of  *\ 
to  12  inches,  and  a  velocity  of  0.5  to  H  feet  per  second.  The  velocMty 
is  computed  from  observation  with  a  current  meter  held  as  near  to 
the  bed,  and  then  as  close  to  the  surface  as  possible,  (its  center  i^ 
usuall  v  from  0. 15  to  0. 20  feet  from  bed  and  surface).  The  mean  veliM-it  v 
in  a  vertical  is  taken  as  the  half  sum  of  the  bed  and  surface  velo<*ities. 

In  order  to  tost  the  accuracv  of  current-meter  work  done  undiT 
these  conditions,  the  following  series  of  comparisons  of  cuiTent-meter 
and  weir  discharges  were  made  in  the  hydraulic  laboratory  of  Cornell 
University  during  Januar}"  and  February  1903.  They  were  plannol 
to  cover  the  conditions  of  quantity  of  water,  depth,  velocities  and 
roughness  of  bed,  that  the  writer  met  in  his  work  in  Nev^ada  and  in 
California. 

Fig.  33  shows  the  0-foot  canal  in  the  Fall  Creek  hydraulic  labora- 
tory of  Cornell  University.  Water  is  admitted  to  it  through  two 
gates  14  feet  upstream  from  the  baflile  B,  and  can  be  measured  by  tbf 
sharp  crested  weir  F.  In  this  canal  was  built,  as  shown,  a  rectangular 
wooden  flume  4  feet  wide,  2  feet  deep,  and  20  feet  long,  with  smooth 
bottom  and  sides.  C  is  a  4bv4  inch  timber  which  serves  as  a  break- 
water  to  destroy  the  enei'gy  of  the  falling  water.  D  is  a  baflle  niaJ** 
of  1  by  8  inch  tiral)er  placed  horizontally  2  inches  center  from  center. 
G  is  a  ))affle  like  D  but  with  strips  1  ])y  3  inches  placed  vertical  t<»  hoM 
back  the  water  and  give  the  required  depth  for  any  discharge  and  jvr- 
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niit  the  water  to  pass  out  through  all  parts  of  the  cross  section,  li  is  a 
bulkhead  carrying  a  2-foot  Cippoletti  measuring  weir.  The  hook  gage 
for  showing  the  head  on  the  weir  is  5  feet  upstream  from  the  weir. 
The  current-meter  measurements  were  made  at  E,  4  feet  from  the 
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Fio.  33— Plan  and  sections  of  flume. 

lower  end  of  the  flume.  The  meters  w^ere  held  with  a  rod  clamped  in 
proper  positions  to  two  2  b}'  4  inch  strips  fastened  to  the  sides  of  the 
canal. 

Three  series  of  discharge  measurements  were  made  with  two  meters. 
In  the  first  series  the  ))ottom  and  sides  of  the  flume  were  smooth,  the  wood 
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being  planed  hemlock  2  inches  in  thickness.  In  the  second  series  the 
bed  wan  mixed  gravel,  and  had  approximately  the  shape  shown  in  fig".  3^i 
Five  of  these  wooden  forms  were  fastened  in  the  bottom  of  the  flumi- 
3  to  tt  feet  a^mrt,  and  grav^el  plac>ed  between  them.  This  gravel  be^l 
is  shown  in  PI.  V.  In  the  third  series  the  bed  was  as  in  series  2,  but 
with  rounded  stone  2  to  3^  inches  in  diameter  scattered  over  the  bed. 
these  stones  being  the  coarse  material  of  pit  gravel. 

The  current  meters  used  were  a  small  Price  meter  No.  396  (see  PL  L 
p.  20),  held  with  a  rod  and  free  to  tip.  The  other  was  the  eig'ht-vanod 
Fteley  meter  (see  fig.  5,  p.  22)  used  in  the  experiments  described  on 
pp.  93-95. 

In  the  first  series  the  small  Price  meter  was  held  with  its  center 
0.15  foot  from  the  bottom  and  0.15  foot  from  the  surface  for  periodic 
of  50  to  100  seconds,  and  the  mean  velocity  in  a  vertical  was  taken  as 
the  half  sum  of  the  surface  and  bottom  velocities.  The  mean  velocitv 
in  a  vertical  was  found  in  the  same  way  with  the  Fteley  meter,  but  iu 
center  was  held  0.2  foot  from  the  bottom  and  0.2  foot  from  the  sur 
face.  The  verticiils  in  which  velocity  was  measured  were  0.5  foot 
apart,  the  end  ones  being  0.25  foot  from  the  sides  of  the  flume. 

In  the  second  series  the  velocity  was  measured  in  verticals  from  0.5 
to  1  foot  apart.  On  January  26,  29,  and  30  the  meters  were  held  as 
close  to  the  bottom  and  surface  as  possible,  viz,  0.15  foot  in  the  ca>e 
of  the  small  Price  and  0.2  foot  in  the  case  of  the  Fteley.  On  Fel>- 
ruary  1(),  instead  of  holding  the  meters  as  close  to  the  bottom  as  posjsi- 
ble,  they  were  each  held  with  centei-s  0.3  foot  above  the  bottom. 

In  series  3  both  meters  were  held  as  near  to  the  surface  as  i>*><- 
sible,  and  with  center  0.3  foot  above  bottom  in  each  case. 

The  order  of  work  was  usually  as  follows:  The  gate  was  opened  io 
order  to  admit  about  the  quantity  of  water  desired  and  the  bafBc  <i 
was  adjusted  so  as  to  give  the  required  depth  at  the  meter  station. 
When  the  flow  was  steady  the  hook  gage  was  read,  the  depths  were 
measured,  velocity  was  measured  with  one  meter  (requiring  7  to  14 
observations  of  50  to  100  seconds  each),  depths  were  again  measured, 
the  hook  gage  was  again  read;  then  the  velocity''  was  measured  with 
the  other  meter,  the  depths  were  measured  again  and  the  hook  gaj^e 
was  read;  the  gate  was  then  changed,  and  two  more  discharge  meas- 
urements made.  In  some  of  the  experiments  the  depth  was  changed 
without  changing  the  discharge. 

The  quantity  of  water  used  was  so  small  that  the  velocity  of  ap- 
proach to  the  weir  was  small  and  the  head  could  be  read  with  accuracy. 
The  depths  at  the  meter  station  were  measured  with  a  sliarp-edtft'^^ 
thin  scale,  made  for  the  purpose,  marked  to  hundredths  of  a  ftwt. 
For  depths  less  than  0.7  foot  the  depth  could  be  read  to  0.002  fix)t 
for  a  depth  of  1  foot.  The  surface  was  rough,  being  a  succession  of 
small,  irregular,  dashy,  waves. 


METERS,    ETC. 


MTRPHY.] 


LOW   WATER  EXPERIMENTS. 


103 


The  following  table  gives  the  results  of  36  meter-discharge  measure- 
ments and  the  corresponding  weir  discharges,  arranged  in  the  order 
of  depths  of  water  at  the  meter  station  for  series  1,  with  smooth 
sides  and  bottom.  The  weir  discharge  is  taken  from ''The  Use  of 
Water  in  Irrigation,"  by  Elwood  Mead  and  C.  T.  Johnson,  United 
States  Department  of  Agriculture,  Table  1,  page  49.     This  table  is 

computed  from  tlie  formula  ^=3.3^  Z/<*,  L  being  the  length  of  weir 
crest  in  feet,  A  the  head  in  feet,  and  Q  the  discharge  in  cubic  feet  per 
second: 

Cwrrent  meter  and  CippoleUi  nvir  discharge  comparisons  in  4'SoiA  wooden  flume  with 

smooth  bottom  and  sides. 


No. 

Date. 

Weir 
head. 

Depth. 

Dis- 
charge 

Veloc- 

Di-- 
chaiKe 

Dis- 
charge 

Cub.Jl. 
0.981 

".'868' 

1 

.954 

Q--Qf 
Qw 

Q.-Qp 
Qw 

Dis- 

charge 

Qf 

Q.-Qf 
Qw 

1.. 

2.. 

3.. 

4.. 

5.. 

6.. 

7.. 

8.. 

9.. 
10.. 
11.. 
12.. 
18.. 
14.. 
15.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 
25.. 
26.. 
27.. 
28.. 
29.. 
30.. 
31.. 
32.. 
33.. 
34.. 
85.. 
36,. 

1903. 
Feb.  14 
Jan.  22 

do... 

Feb.  14 

do... 

Jan.  22 

do... 

Jan.  24 

....do... 
Jan.  23 
Jan.  26 

....do... 

....do ... 

do ... 

....do... 
Jan.  23 

do... 

Jan.  24 

— do... 
Jan.   26 
Feb.  14 
Jan.  26 
Feb.  14 
Jan.   26 
Jan.  23 

..  ..do 

Jan.  26 
Jan.  23 

do... 

do... 

do ... 

Feb.  14 

•     •     •    •  >kl\^     A     •    « 

Jan.  23 

Feb.  14 

....do ... 

Feet. 

0.270 
.250 
.250 
.270 
.270 
.824 
.324 
.206 
.205 

..362 
.186 
.186 
.187 
.187 
.187 
.423 
.423 
.170 
.170 
.238 
.410 
.238 
.410 
.187 
.499 
.499 
.258 
.566 
.566 
.658 
.660 
.555 
.557 
.362 
.722 
.732 

Ikxt. 

0.286 
.400 
.400 
.400 
.400 
.460 
.460 
.461 
.462 
.477 
.499 
.499 
.502 
.510 
.516 
.535 
.537 
.561 
.561 
.581 
.581 
.581 
.582 
.585 
.603 
.603 
.609 
.664 
.665 
.745 
.748 
.770 
.770 
.841 
.997 

1.010 

Cub.n. 

0.945 

.842 

.842 

.945 

.945 

1.242 

1.242 

.625 

.625 

1.466 

.536 

.536 

.545 

.545 

.545 

1.853 

1.853 

.472 

.472 

.782 

1.768 

.782 

1.768 

..M5 

2. 374 

2.374 

.88:^ 

2.868 

2.868 

3. 595 

3.610 

2.785 

2.800 

1.466 

4.131 

4.217 

Fed. 
0.822 

Cub.fl. 

Per  caU. 

Per  cent. 
-  3.8 

Cub.Jl. 

Percent. 

.532     0.862 
.532    

-2.4 

0.862 

-  1.2 

-  3.1 

.588 
.585 
.677 
.677 
.336 
.336 
.758 
.267 
.267 
.270 
.270 
.263 
.860 
.858 
.208 
.208 
.  .334 
.756 
.334 
.75(J 
.242 
.966 

.947 
i.253 

"0.2 

1 

-  1.0 

1 

-0.8 

1.244 

-  0.1 

1.231 

+  0.9 
+  3.0 

.635' 

.606 

::::::::::::  ::i 

-1.6 

.598 

+  4.3 

1.473 

-  0.5 
+  1.0 

".*636' 
.538 

.530 
"."54i" 

0.0 

.494 

+  7.8 

+  0.8 

+1.3 
-3.8 
-1.7 

.494 

+  9.4 
+  4.4 
-  0.5 

.566    

.  521 

1.884 

"'.459' 

"."782' 

i.725 

"i."883' 

".*40G* 

"i.'798' 
.780 

1.862 

-  1.6 

+2.8 

.384 

+  18.6 

bfl3.8 

+0.0 

.732 

+  6.4 

+  0.3 

*"+"2.'4 
"-5. 0 

.572  i 

'  9  327 

.516 

+  5.2 

+  1.9 

•    .966     2.448    

.2^  ,     .869  1 

-3.1 
+  1.6 
-1.7 

....... 

2. 424 

.827 
2.889 

-  2.1 
+  6.3 

-  0.8 

1.076 
1.076 

2.916  ; 

'i.«S7 

+  0.4 
n+  4.3 

1.199  ' i  3.440 

• 

1.198 
.891 

3.729  1 

2.7.S2 

-  3.3 

3.693 

-  2.3 

+  1.2 

.903  1  2-fi7S 

+2.i 
-2.0 
+2.0 

.7.>8 
1.027 

1.495 

1.483 

-  1.2 

4.050  1 

1.036 '  4-21'i 

+  0.1 

a  Depth  varied  during  meaBurement.    l>  Not  velocity  enough  in  Rome  parts  of  section  to  start  meter. 

NoTK. — The  Fteley  meter  discharge  is  computed  from  obsen'ations  0.2  foot  below  surface  and  0.2 
foot  above  bottom.  The  Price  meter  discharge  is  computed  from  observations  0.15  foot  below  surface 
and  0.15  foot  above  bottom. 

Q,=weir  discharge.  Qr=  Fteley  meter  discharge.  Qp= Price  meter  discharge,  ('omputed  from 
rating  November  2, 1901.     r,^^ velocity  at  meter  station  computed  from  Q^. 

The  Fteley  meter  discharges  given  in  column  11  are  computed  from 
a  rating  of  this  meter  November  2,  1901.  As  it  had  been  used  very 
little  it  was  supposed  that  its  rating  had  not  changed  much,  but  the 
new  rating  February  4, 1903,  at  Chevy  Chase,  Md.,  shows  a  change 
of  about  1  per  cent  in  velocity  from  0.6  to  1.2  feet,  and  a  larger  change 
for  the  smaller  velocities.  Some  of  this  change  is  due  to  increased 
friction  of  the  meter  and  some  to  different  conditions  in  the  two 
ratings  (see  pp.  94,  95). 
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With  three  exceptions,  viz,  Nos.  19,  24,  and  30,  the  meter  dinchai^ 
computed  from  the  new  rating  table  approximates  to  the  weir  dis 
charg^e.  The  per  cent  variation  of  meter  from  weir  discharge  is  from 
-3.8  to  +2.4  for  the  Fteley,  and  from  -3.8  to  +3.0  for  the  Prii-e. 
Of  the  three  exemptions  noted,  No.  19  is  due  to  the  very  small  veloeitv 
in  some  parts  of  the  water  section,  the  meter  wheel  not  turning  |)art 
of  the  time.  The  other  two  exceptions  are  due  to  an  irregular  varia 
tion  in  depth  at  meter  station,  as  ice  formed  on  the  baffle  ( G)  and 
obstructed  the  flow. 

The  results  of  the  26  meter-discharge  measurements  and  correspond- 
ing weir-discharge  measurements  for  the  mixed  gravel  bed  are  given 
in  the  following  table.  On  January  28,  29,  and  30  the  meters  were 
held  as  close  to  the  bed  as  possible,  the  center  of  the  small  Price  beinif 
0.15  and  the  Fteley  0.20  foot  above  bottom.  On  February  10  lK>th 
meters  were  held  with  centers  0.3  foot  above  bottom.  It  is  seen  that 
the  meter  discharge  is  less  than  the  weir  discharge.  For  the  small 
Price  at  0.15  foot  from  bottom  the  variation  is  from  +2.8  to  +19.:i 
per  cent,  and  at  0.3  foot  from  bottom  the  variation  is  from  +1.3  to 
+7.C  per  cent.  For  the  Fteley  meter  held  0.2  foot  above  bottom  the 
variation  is  from  +1.0  to  +6.1  per  cent,  and  when  held  at  0.3  ftK)t 
above  bottom  the  variation  is  from  —0.7  to  —2.5  per  cent.  A  wider 
range  of  variation  of  meter  from  weir  discharge  is  to  be  expected  in 
a  section  of  varying  depth,  for  there  are  shallow  part8  at  each  end  of 
section  in  which  the  velocity  can  not  be  accurately  measured. 

Current-meter  and  Oippoletti  iveir-discharge  comparisons  in  4-foot  Jftime  iriih  viist^U 

gravel  bed. 


No. 

Date. 

Weir 
head. 

Depth. 

Qw 

V. 

Qr 

Cub./rrt. 

0.606 

.864 

Q.-Qf  ■ 
Q. 

1 

1903. 

Jan.   28 

Jan.   30 

Jan.  28 

. . . .do . . . 

0.207 
.270 
.207 
.207 
.417 
.417 
.411 
.264 
.264 
.271 
.271 
.600 
.600 
.346 
.346 
.346 
.458 
.458 
.547 
.553 
.569 
.569 
.468 
.458 
.686 
.691 

Feet 
0.381 
.439 
.509 
.515 
.642 
.642 
.647 
.712 
.718 
.723 
.724 
.764 
.766 
.828 
.830 
.830 
.840 
.8-12 
.844 
.849 
.875 
.875 
1.008 
1.010 
1.050 
1.050 

Cub.feet. 

0.634 

.946 

.634 

.634 

1.813 

1.813 

1.775 

.914 

.914 

.950 

.950 

2.881 

2.381 

1.370 

1.370 

1.370 

2.087 

2.087 

2.?24 

2.774 

2.890 

2.890 

2.087 

2.087 

8.826 

8.867 

F>xi. 

0.793 

.954 

.  515 

.511 

1.081 

1.081 

1.044 

.470 

.470 

.480 

.480 

1.111 

1,111 

.571 

.571 

.571 

.860 

.856 

1.112 

1.082 

1. 124 

1.124 

.670 

.671 

1.170 

1.170 

Cub./ert. 

Percent. 

+  47 

2 

■"+i.'6" 

J-  ^  *» 

8 

0.624 

4 

.518 

■i-l>  4 

5 

Feb.  10 

do ... 

Jan.   80 

Jan.  28 

do 

1.826 

6 

i.789 
1.620 

+   1  :^ 

7 

4-  ^  " 

8 

.892 

+2.4 

9 

.886 

+  2." 

10 

Jan.  29 
. do ... 

.900 

+5.3 

11 

.768 

■*-19  '2 

12 

Feb.  10 
. . .  .do 

2.440 

-2.5 

18 

'  '2.'266' 
1. 150 
1.168 

^  7  ^ 

14 

Jan.   29 
. .  ..do . . . 

+if. : 

16 

+  14.T 

16 

do . . . 

1.286 

+6.1 

17 

. . .  .do . . . 

'"'"i.'sif 

->-ll  3 

18 

. . .  .do . . . 

1.965 

""*2.'66f 
2.923 

+4.8 

19 

Jan.   80 
. do . . . 

2.542 

---6.7 

20 

+8.8 
-1.2 

21 

Feb.  10 
do . . . 

22 

2.?26 

23 

Jan.  29 
do . . . 

1.986 

+  4.8 

24 

i.776 

1 

+14  y 

25 

Feb.  10 
— do ... 

8.916 

-2.3 

26 

8.728 

1 

J-  3  ' 

Discliarge  on  January  28,  29,  and  30,  eomputed  from  velocity  observations,  0.15  foot  abctve  U4t««i]i 
and  0.15  ffK)t  below  nurface  with  Price  meter  and  0.2  foot  above  bottom  and  below  the  mirfttre  uith 
Fteley  meter. 

DisoharKe  on  February  10,  computed  from  observations.  0.3  foot  above  bottom,  and  0.15  foot  beU-w 
surface  with  Price  meter  and  0.2  foot  below  surface  with  Fteley  meter. 
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It  appears  that  the  roughness  of  the  bed  has  a  greater  influence  on 
the  Price  than  on  the  Ftelev  meter.  In  the  case  of  the  Price  meter 
the  v^ariation  of  meter  from  weir  measurement  increases  as  the  velocity 
decreases. 

The  following  table  gives  the  results  of  11  comparisons  of  meter  and 
weir  discharge  for  a  gravel  and  stony  bed.  The  center  of  each  meter 
was  held  0.30  foot  above  bottom,  except  at  the  sides,  where  the  depth 
was  not  sufficient  to  permit  it.  The  variation  for  the  Price  meter  is 
from  0.0  to  +  8.4  per  cent  (with  the  exception  of  No.  1),  and  for  the 
Ftele}'  the  variation  is  from  —  5.6  £o  +  3.9  per  cent. 

CurreyU-meter  and  CippoleUi  weir  discharge  comparismut  in  4'foot  flume  with  gravel  and 

stone  bed. 


N(». 


IHite. 


1 

2 

1903. 

Feb.  12 

.  ...do .. . 

3 

do... 

4 

. . .  .do ... 

ft 

do ... 

6 

do ... 

7 

do... 

8 

....do . . . 

9 

. . ..do  . .. 

10 

....do ... 

11 

.. -do. 

1 

Head. 

0.264 
.676 
.676 
.470 
.470 
.676 
.675 
.590 
.590 
.676 
.676 

Depth. 

Qw 

Feet. 
0.966 
1.906 
1.906 
1.018 
1.018 
1.590 
l.{^76 
1.096 
1.096 
1.132 
1.124 

Qf 

Feet. 

0.442 

.720 

.720 

.764 

.764 

.821 

.827 

.928 

-.928 

l.a57 

1.063 

Oiib.Jl. 
0.914 
8.743 
3.748 
2.170 
2.170 
3.735 
3.735 
3.052 
3.052 
3.743 
3.743 

Cub./t. 

8.627 
2.292 

3.784 

2.965 
3.595 

Oiib. 


lb.  ft. 
0.791 
3.426 


Prr  cent. 


2. 171 


3.457 
3.009 


3.543 


+3.1 
-5.6 


-1.3 


+2.9 
+3.9 


PereenL 
a +13.4 
+  8.4 


+  0.0 


+  7.4 
+  M 


+  5.3 


n  DcDth  too  small  to  measure  velocity  at  edges. 

Sniall  Price  meter  discharge,  computed  from  observations,  0.30  foot  above  bottom  and  0.15  foot 
bolow  surface. 

Kteley  meter  discharge,  compuliHl  from  observations,  0.3  foot  above  bottom  and  0.2  foot  below 
surface. 

It  appears  from  these  tests  that  the  method  in  use  of  measuring  the 
flow  of  small  streams  with  current  meter  held  close  to  the  bed  and  to 
the  surface,  and  using  as  the  mean  velocity  the  half  sum  of  top  and 
})ottom  velocity,  gives  results  agreeing  closel}'^  with  those  given  b}'^  a 
weir  if  the  bed  is  smooth,  depth  from  0.4  to  1  foot  and  velocities  of 
0.4  to  1.5  feet  per  second.  For  a  gravely  bed  the  meter  should  be 
held  with  its  center  0.25  to  0.35  foot  above  the  bed. 

STUDIES    OF    ACCURACY    OF    MEASUREMENT    OF    STREAM 

FliOW. 

The  object  of  the  following  studies  was  to  determine,  or  at  least 
throw  light  upon,  the  accuracy  of  river-gaging  work,  and  to  improve 
the  methods.  The  Cornell  Univei-sity  experiments  show  the  degree 
of  accui'acy  where  conditions  are  artificial  and  controllable.  But  it  is 
impossible  to  control  the  flow  of  rivers  for  the  purpose  of  measure- 
ment, and  it  is  impracticable  to  construct  measuring  weirs  in  order  to 
test  the  accumcy  of  current-meter  work;  so  some  criterion  of  accuracy 
of  work  must  be  adopted  other  than  the  standard  weir.  The  writer 
has  adopted  the  two  following  criteria:  (1)  He  has  compared  velocity 
obtained  at  chosen  stations  by  different  methods  with  that  obtained 
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from  vertical  velocity  curves  at  the  same  place.  (2)  He  has  compared 
discharge  obtained  by  the  common  methods  with  that  obtained  from 
the  station  i*ating  cuiTe.  In  other  words,  the  departure  or  variation 
of  any  measured  discharge  from  the  mean  discharge  for  that  river  Mage 
is  a  measure  of  its  accuracy.  It  may  be  asked  why  not  use  the  vertical- 
velocity-curve  method  in  all  cases.  For  two  reasons:  (1)  It  require> 
too  much  time  and  expense,  and  (2)  the  stage  of  some  rivers  chant,^*? 
too  rapidly  to  permit  its  use  in  all  cascvs.  A  change  of  a  foot  or  mon^ 
per  hour  is  common  on  some  streams.  The  velocity  from  one  bank  of 
a  stream  to  the  other  usuallv  varies  so  much  that  it  is  necessarv  to 
measure  it  in  many  verticals,  and  if  it  is  measured  in  more  than  odc 
or  two  points  in  each  vertical  so  much  time  is  consumed  that  ther^ 
may  be  a  considerable  change  in  stage  and  a  large  erix)r  introduced 
It  is  very  desirable  that  the  point  of  mean  velocity  (distance  below 
water  surface)  be  known,  so  that  the  meter  can  be  held  there  and  the 
velocity  in  a  vertical  found  in  one  observation.  The  vertical  veloiitv 
curves  show  the  position  and  amount  of  the  mean  velocity,  hence  their 
importance.  If  the  shape  of  these  curves  were  constant  and  known  u. 
advance,  the  point  of  mean  velocity  would  be  known.  The  shaj^* 
varies,  however,  with  roughness  of  bed,  shape  and  depth  of  channoL 
and  river  stage. 

Many  of  the  gaging  stations  ai'e  located  at  bridges  to  avoid  tb^j 
expense  of  a  ciible  equipment.  The  pier's  interfere  with  the  natura. 
flow,  thus  making  accurate  discharge  measurements  near  them  ditf 
cult.  These  studies  are  expected  to  throw  light  on  the  relative  an  u- 
racy  of  discharge  measured  from  a  bridge  with  piers  and  a  static  - 
where  the  flow  is  unobstructed. 

The  following  streams  were  selected  for  these  studies:  ChittenaiiL^ 
Creek,  a  small  stream  with  unobstructed  flow  at  the  carriage  brid^'- . 
in  Chittenango  Village,  M.  Y. ;  Chenango  and  Sustiuehanna  river-, 
streams  of  moderate  size,  with  flow  unobstructed  at  bridges  in  Biiu: 
hamton,  N.  Y. ;  Oswego  River,  of  something  over  moderate  >bf> 
with  unobsti-ucted  flow  at  the  cable  station  near  liattle  Island,  N.  Y. 
Skaneateles  Lake  outlet,  on  which  is  a  measuring  weir;  and  the  fluni' 
of  the  Truckee  River  General  Electric  Company,  at  Farad,  Califomk. 
These  stations  are  described  and  illustrated  in  the  discussion  of  tL. 
work  done  at  each. 

WORK  ON  CHITTENANGO  CREEK  AT  CHITTENANGO,  N.  Y. 

This  stream  rises  in  the  southwestern  part  of  Madison  County  ;■ 
the  east-central  part  of  New  York  State,  and  flows  northwest  n ' 
Oneida  Lake.     Thence  its  waters  find  their  way,  through  Oneida  ai  - 
Oswego  rivers,  to  Lake  Ontario.     On  it  are  Cazenovia  Lake  and  Eri' 
ville  reservoir,  which  regulate  its  flow  to  some  extent. 

The  station  is  at  Main  Street  Bridge,  Chittenango,  aliout  18  mi  -"* 
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from  the  mouth  of  the  creek.  The  bridge  is  at  a  bend  in  the  stream, 
and  at  an  angle  of  60°  with  the  creek.  The  bed  is  mixed  coarse  and 
fine  gravel.  The  cross  section  of  the  stream,  on  July  15,  1901,  is 
shown  in  fig.  34.     The  gage  is  a  boanl  marked  to  feet  and  tenths. 


Width  in  feet. 
30 


Fio.  34. — CJross  section  of  Chittcnango  Creek. 

fastened  vertically  to  the  right  abutment  on  the  upstream  side  of  the 
bridge. 

Measurements  were  made  from  the  upper  side  of  the  bridge  on  July 
15,  1901,  with  small  Price  meter  No.  377,  and  April  2,  1902,  with 
small  Price  meter  No.  375.  Some  of  the  results  are  given  in  the  fol- 
lowing tables.     Fig.  34  shows  the  cross  section  at  the  time  of  the  first 
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Fig.  35. — Vertical  velocity  curvea  of  Chittenansro  Creek. 

measurement,  the  velocity  curve  at  six-tenths  depth,  and  vertical 
velocity  curves  at  10,  20,  30,  and  40  feet,  respectively,  from  the  initial 
point.  Fig.  35  shows  the  velocity  curves  obtained  in  these  verticals 
:>n  July  15,  1901,  and  April  2,  1902.  The  two  sets  of  vertical  velocity 
:;urves  are  plotted  side  by  side,  so  as  to  compare  curves  at  same  places 
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for  different  stream  stages.  Between  these  dates  a  flood  scoured  <mt 
the  bed  of  the  stream  at  this  place,  making  the  increase  in  depth  mui*h 
greater  than  that  shown  by  the  change  of  stage,  b  b'  Is  the  change  h 
stage,  a  change  from  a  gage  reading  of  1.80  feet  to  2.83  feet,  a  a'  show'. 
the  increase  in  depth  due  to  scour  of  bed.  The  two  curves  at  any  point 
are  seen  to  resemble  each  other  very  closelj'.  The  mean  velocity  »: 
six-tenths  depth  is  seen  to  be  somewhat  less  than  that  obtained  fi»iii 
the  vertical  velocity  curves  for  the  first  set  of  measurements  nA 
the  reverse  is  true  for  the  second  set  of  measurements — that  is,  t-j- 
thread  of  mean  velocity  has  lowered  somewhat  as  the  depth  of  wat^^r 
increased.  On  April  2  the  discharge  obtained  from  the  vertical  veW- 
ity  curves  was  2.9  per  cent  less  than  that  obtained  by  the  six-tenth- 
depth  method.  Not  enough  vertical  velocity  curves  were  taken  pJuly 
15  to  enable  the  discharge  to  be  computed,  but  from  those  that  wer- 
taken,  one  can  see  tliat  it  would  be  slightly  greater  than  that  by 
six-tenths  depth  method.  For  some  intermediate  stage  between  \h 
dates  of  these  measurements  the  discharges  by  these  two  methods  wl'. 
agree. 

Results  of  discharge  ineasuremenU  of  Chittenango  Oreeky  Chiltetiango  Milage,  -V.  )'. 


Date. 


1901. 
July  ir> 


Method  used. 


readings. 


V^  depth 


1902. 

Apr.     2  ! do 

Apr.     2  ;  Vertical  velocity  curves 


Feet. 
1.80 


2.33 
2.33 


AreHM. 

Mean 
velocity. 

DiMcbaj^e. 

Sqtiare/eet. 

85 

161 
151 

Feet. 
0.63 

1.40 
1.36 

Cuhir/ed. 
53 

2.12 
2.06 

No.  37: 

No..^* 

I*.. 

Vertical  velocity  curve  diiUXy  ChiUenango  Creek y  ChittniangOy  X.   Y. 


Date. 


10  feet^from  initial  point 


20  feet  from  inirial  p^unt 

D. 


July  15. . 

1901. 

Apr.  2  . . 

1902. 

Date. 

July  15  . 

1901. 

Apr.  2. .. 

1902. 

Vel.  A  D- 

V'el.v.v.c. 

D. 

2.6 

d-s-D. 

Vel.  ft  D.  Vel.v.v.c. 

0.678 

0.695 

0.69 

0.667 

0.660 

1.460 

1.520 

4.7 

.55 

1.708 

1.670 

1 


1.5 


S.2 


30  feet  from  initial  point. 


40  feet  from  initial  point. 


Vel.  ft  I).  Vel.v.v.c. 


D. 


d^D.    V^el.ftD.  VeLv.v.c.       D. 

1*1  ■ 


0.678 
1.657 


0.710  !        1.5 


1.750 


3.0 


0.64 
.57 


0.644 


1.4M 


.   0.670 
1.470 


1.5 
3.1 


WORK  ON  SKANEATELES  LAKE  OUTLET. 

Skaneateles  Lake  is  fifth  in  size  of  the  group  of  lakes  in  i-entni 
New  York  that  drain  into  the  Seneca  Ri\er  and  thence  into  I-av 
Ontario.     The  wattu'  surface  of  the  lake  has  an  area  of  12.75  sqitii^ 
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miles,  and  the  di-ainage  area  above  the  foot  of  the  lake  in  73  square 
mile^. 

In  1893  the  city  of  Syracuse  constructed  a  masonry  dam  across  the 
outlet  at  the  foot  of  the  lake,  converting  the  lake  into  a'storago  reser- 
voir, and  since  that  time  has  used  a  considerable  part  of  the  discharge 
from  the  watershed  for  ii  municipal  wat^'r  supply. 


In  1894  what  is  known  as  the  New  Willowglen  measuring  weir  was 
built  on  the  outlet  by  the  city  of  Syracuse,  about  1.5  miles  from  the 
foot  of  the  lake.  The  plan,  elevation,  and  section  of  this  weir  are 
shown  in  fig.  36,  It  has  a  sharp  crest  27  feet  in  length,  with  end  con- 
ti*actions.  The  head  is  measured  from  a  measuring  post  5.^  feet 
upsti-eam  from  the  crest.     The  channel  above  the  weir  is  straight  and 
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has  an  average  depth  at  the  weir  of  1.5  feet.  The  velocity'  of  approach 
varies  from  0  to  about  2  feet  per  second. 

Francis's  formula  for  flow  over  sharp-crested  weirs,  with  complete 
contractions,  has  been  used  to  pompute  the  flow  over  this  weir.  It  i^ 
not  strictly  applicable,  however,  as  the  depth  of  water  below  the  cre>U 
and  the  distance  from  the  ends  of  the  weir  to  sides  of  channel  approach 
arc  too  small  to  permit  the  contraction  to  be  complete.  The  dischar^ 
is  probably  slightly  greater  than  comput^jd  by  Francis's  formula. 

Three  measurements  of  the  discharge  of  this  outlet  were  made  from 
a  temporary  bridge  August  29,  1901,  with  small  Price  meter  No.  377. 
about  600  feet  above  the  measuring  weir  in  a  straight  reach  of  the 
stream. 
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Fig.  37.— Vertical  velocity  curves,  Willowgleii,  N.  Y. 


In  two  of  these  the  mean  velocity  was  obtained  from  measui-ement'- 
at  six-tenths  depth;  in  the  third  it  was  found  from  vertical  velocitv 
curves.  Fig.  37  shows  the  cross  section  of  the  stream  at  the  place  ♦»: 
measurement,  also  the  curve  of  velocity  at  six-tenths  depth  and  the 
vertical  velocity  curves.  The  bed  is  smooth,  being  clay,  sand^  ani 
fine  gravel.     The  results  are  given  in  the  following  table: 

}iemdl%  of  discharge  nteatturemeiUs  on  Skaneatelett  lAike  outlet,  WiUowglen,  X.   Y. 


Dale. 

Method  used. 

Head  on 
weir. 

Section 
area. 

Mean 
velocity. 

Discharge  Diachai^e 
by  meter,     by  weir. 

1901. 
Aug.  29 
Aug.  29 

JL  D 

Inches. 
12A 

Sq.  Si. 
68.9 
68.9 
68.9 

Fett. 
1.272 
1.340 
1.334 

87.7 
92.3 
91.9 

Sec/L  Q_. 
«88.86 
o».»7 
a»9.37 

V .  v.  curves 

Aug.  29 

«  D 

_            * 

10           ......................... 

a  Computed  from  table  lurnished  by  R.  K.  Horton. 

The  discharge  by  meter  calculated  from  the  vertical  velocity  cur\*f- 
is  seen  to  be  3.2  per  cent  greater  than  that  given  by  the  weir  fonnui 
used.  This  is  about  what  would  be  expected,  as  the  contraction  n«  r 
being  complete  on  the  crest  and  ends  of  the  weir,  the  discharge  shouli 
be  larger  than  with  complete  contraction. 
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Depth  In  feet. 


The  eflFect  of  the  banks  in  modifying  the  shape  of  the  vertical  velocity 
curves  is  shown  by  the  curves  at  5  and  28  feet  from  the  initial  point. 
The  effect  of  bed  and  bank  here  is  to  lower  the  thread  of  maxi- 
mum velocity  instead  of 
raise  it. 

>VORK    ON    TRUCKEE 
RIVER  AT   FARAD,       ^ 
CAL. 

The    headworks    and 

flume    of    the   Truckee 

River  General  Select ric 

Company  are  shown  on 

PI.  VI.     Wat^r  is  taken 

from  the  Truckee  River 

at  Floriston,  Cal.,   and 

brought   to  the  power 

house    at    Farad    in    a 

wooden  flume  al)out  10 

feet  wide,  7  feet  deep, 

and     8,5(K)    feet    long.  ^ 

Vertical  velocitv  curves  & 

were   obtained    at   two  =• 

places  in  this  flume,  one  § 

5J)0  feet  from  lower  end 

and    150  feet   below   a 

curve,  the  other  220  feet 

farther  downstream,  be- 

vond  the  influence  of  the 

curve. 

At  the  sections  of 

measurement,  the  sides 
of  flume  are  smooth. 
There  are  four  cleats  on 
oach  side  covering  the 
four  joints,  each  cleat 
4  by  I  inches.  The 
mean  width  at  the  up- 
stream section  was  10.09 
fe<*t  and  mean  depth 
.5.98    feet.     At    the 

downstream   section  the  ^^^'  **-~~^'"'^«*  ^"  upper  section,  Farad  flume,  California. 

mean  width  wa^s  10.09  feet  and  the  mean  depth  6.96  feet. 

Velocity  measurements  were  made  at  six  points  at  each  of  the  six 
verticals,  0.6,  2.0,  4.0,  6.0,  8.0,  and  9.6  feet  from  north  side  of  flume. 
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Depth  in  feet. 


The  location  of  these  points,  the  curves  of  equal  velocity,  and  the 
mean  vertical  velocity  curve  for  upper  section  are  shown  in  fig.  38. 

The  upper  part  of  the 
vertical  velocity  cune. 
a'  b,  is  evidently  in  er- 
ror. 

There  was  no  wind  at 
the  time  of  measurement 
or  any  other   cause  of 
velocity  retardation  near 
the  surface.     It  is  duo  tn 
w     a  peculiarity  of  this  make 
of  meter.     For  velocitie^ 
greater  than  about  :i."» 
"     feet  per  second  it  indi- 
cates too  small  a  velocity 
when  held  near  the  sur- 
face.    (Seep.  9Ci.)    The 
points  (centers  of  the  lit- 
«     tie  circles)  defining  each 
^  vertical  velocity  curve. 
I  as  well  ag  those  on  cun  e 
p  a  b  c,  all  fall  on  a  well- 
S  defined  curve.     The  ve- 
00     locity  was  very  uniform 
at  each  point  The  thread 
of  mean  velocity   is  at 
'^     0.76  of  the  depth  lieU»w 
the     surface,    and     th» 
thread  of  maximum  vt-- 
locity  at  0.50  depth. 

Fig.  39  shows  th» 
mean  vertical  veltKMt} 
curve,  and  the  curves  of 
equal  velocity  in  the  low 
er  section.  The  thre:!"! 
of  maximum  velocitv  i^ 
near  the  center  of  the 
canal  at  0.42  depths  aoJ 
the  thread  of  mean  ve- 
locity at  0. 73  depth  be- 
low the  surface. 

The  discharge  of  the  flume  at  the  upper  section  was  209  second-ftn  t. 
at  the  lower  205  second-feet,  a  difference  of  about  2  per  cent  of  i: 
latter. 


Fig.  39.— Curves  In  lower  section,  Farad  flume,  California. 
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WORK   ON   CHENANGO    RIVER   AT   BINGHAMTON,  N.  Y. 

This  stream  rises  in  Madison  County,  N.  Y.,  and  empties  into  Sus- 
quehanna River  at  Binghamton,  N.  Y.  The  gaging  station  is  at 
Court  Street  Bridge,  Binghamton.     The  channel  here  is  straight  for 


\  -q'^tf  courr  ST,  B^ioee 


so* 


Of  ^25  ft. 


Fig.  40.—Contour  o(  bottom  of  (Chenango  Kfver  at  Court  Street  Bridge,  Binghamton,  N.  Y. 

about  1,000  feet  on  each  side  of  the  station;  has  a  width  of  atK)ut  300 
feet  at  low  water  and  340  feet  at  high  water;  and  is  broken  by  three 
piers.     The  bed  is  gravel  and  cobblestone  with  large,  rough  stone 

width  in  feet. 
I.  P.  20       40       60       80      100    1*20     140     160     180     200     220     240     260     280     300     320 


Fig.  41.— Cross  section  of  Chenango  River  at  upper  side  of  Court  Street  Bridge.  Bingham- 
ton, N.  Y. 

around  the  piers.     Fig.  40  shows  the  contour  lines  of  the  stream  bed 
for  some  distance  above  and  below  the  bridge,  and  the  location  of  the 
piei*s.     It  is  seen  from  this  figure  and  fig.  41  that  the  bed  is  irregular 
IRR  95—04 8 
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as  well  as  rough.  This  is  due  tx>  the  filling  around  the  piers,  and  to 
the  riffle  a  short  distance  l)elow  the  piers.  The  bed  is  permanent,  and 
there  is  a  good  measurable  velocity  at  all  rivxr  stages.  The  station 
is  2,500  feet  from  the  Susquehanna,  and  is  subject  to  backwater  from 
it  at  certain  stages.     Although  the  channel  is  broken  by  three  piers, 

•  the  bridge  projects  beyond  the  piers  on  each  side,  and  the  sections  of 
measurement  are  continuous. 

The  gage  is  of  the  wire-weight  type,  located  on  the  upper  side  of 
the  bridge,  about  half  way  across  it.  The  initial  point  is  on  the  west 
face  of  the  east  abutment. 

The  surface  slope  of  the  stream  was  determined  by  measuring  with 

•  a  steel  tape  and  3-pound  lead  from  points  of  known  elevation  at  the 
station  and  on  Ferr}'  Street  Bridge,  1,500  feet  upstream  from  it- 
Velocity  measurements  were  made  from  the  upper  and  lower  side> 

of  the  bridge,  with  a  view  to  comparing  discharges  and  vertical 
velocity  curves  on  each  side.  On  the  lower  side,  however,  the  piers 
produced  so  much  disturbance  of  the  water  (eddying)  that  good  result? 
could  not  be  obtained,  especially  for  the  higher  stages. 

The  bed  being  rough,  it  must  be  expected  that  there  will  be  some 
discrepancies  in  depth,  as  shown  b}"  the  vertical  velocity  curves.  The 
instrument,  when  on  bottom,  may  rest  on  top  of  a  stone,  or  may  slip 
down  between  two  of  them,  and  thus  a  movement  of  a  few^  inches 
show  a  difference  of  0.2  to  0.4  of  a  foot  in  depth.  If  the  meter  could 
be  held  rigidly  with  a  rod  its  position  would  always  be  accurately 
known,  but  when  held  with  a  cable,  as  it  necessarily  must  be  from  a 
high  bridge,  there  is  always  some  uncertainty  as  to  its  exact  location, 
and  there  will  be  discrepancies  in  different  measurements  of  the 
depths.  The  soundings  were  carefully  made  twice  at  each  side  of  the 
bridge  when  the  river  >vas  low.  These,  and  the  change  in  the  river 
stage,  were  used  in  computing  areas  of  cross  section. 

Twenty-two  discharge  measurements  have  been  made  at  this  station. 
From  July  2,  1901,  to  August  15,  1902,  nineteen  of  these  were  made 
by  the  six-tenths-depth  method,  and  three  b}'^  Harlacher's  method. 
For  obtaining  discharge,  the  velocity  was  measured  in  verticals  h) 
feet  apart,  except  near  the  center  of  each  bridge  span,  where  there 
was  little  change  in  velocit}^,  and  where  they  are  15  to  20  feet  apart. 
Each  observation  was  usually  for  two  periods  of  fifty  seconds  each. 
Fifteen  set*;  of  vertical  velocity  curves  were  obtained,  each  set  con- 
taining usually  8  curves,  at  distances  100,  120,  140,  190,  210,  230,  275, 
and  290  feet  from  the  initial  point.  These  curves  are  not  used  in  <*oni- 
puting  discharge,  as  they  were  not  taken  sufficiently  close  together 
near  the  piers  to  enable  mean  velocity  in  section  to  be  computed,  hut 
they  are  used  to  show  amount  and  position  of  mean  velocity  in  a 
vertical  with  which  to  compare  velocity  at  six-tenths  depth. 
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The  results  of  the  discharge  measurements  are  given  in  the  following 
table: 

IHscharge  mea»nrementH,  Cfterimnjo  Hirery  Binghamiony  X,  Y. 


No. 


1 
2 
3 
4 

5 
6 
7 
8 
9 
10 


11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


Date.    ! 


1901 
July 
July 
July 
July 
July 

do 

AU8[. 

do 

Oct, 
do 


2 
8 

11 
9 

29 


19 


19 


1902. 
Mar.  27 
Mar.  28 
Mar.  29 
July     1 

I  ■  «  ■  \J^^  ■  ■  ■ 

July    3 

do . . . 

July  15 

Aug. 

Aug. 

Aug. 

Aug. 


Meth<Ml. 


Ga^e 
reading. 


Area 
Hection. 


0.6  depth 

do 

do 

do 

do 

do 

do 

do 

do 

do 


th 

Ftrt. 

5.64 
l>  5. 78 

5.71 
5.21 
5.21 
5.49 
5.48 
«5.82 
*5.8l 

2 

3 

14 

15 


do 

do 

do 

Harlacher*8 
0.6  depth  . . . 
Harlacher'8 
0.6  depth  . . . 

do 

Harlacher's 
0.6  depth  . . . 

do 

do 


8.15 

8.21 

8.75 

8.44 

8.41 

7.16 

7.16 

/6.5G 

/9.10 

/9.04 

/6.20 

/6.08 


689 
764 
1,666 
617 
602 
469 
681 
547 
775 
646 


1,38-1 

1,489 

1,590 

1,564 

1,534 

1, 155 

1,155 

995 

1,795 

1,775 

877 

841 


I)\»-  Mean 

charge.    veUxrity, 


Cnb./t. 

Ftrt. 

818 

1.23 

1.119 

1.46 

768 

0.46 

942 

1.53 

405 

0. 61 

425 

0.90 

577 

0.85 

566 

1.01 

927 

1.20 

987 

1.53 

4,201 

3.01 

4,377 

2.n  ' 

5,205 

3.27 

4,439 

2.83  ' 

4,815 

3. 11 

2,611 

2.26 

2.688 

2.3;J 

2,093 

2. 13 

5,426 

3.02 

5,543 

3.12 

1,606 

1.83 

1,341 

1.48 

Place. 


(") 
CO 
(») 

{") 

CO 


('0 

(") 
CO 

(") 

CO 

(«) 
(") 
(") 
(«) 
(«) 
(") 
(«) 


a  Upper  side  Court  Street  Bridge. 

bTnls  reading  is  probably  wrong:  it  Hhould  be  5.88. 

«  Cable  above  bridge. 

d Lower  side  Court  Street  Bridges. 

«  Reading  too  large  on  account  of  backwater. 

/Corrected  by  —0.09  foot  for  stretch  of  wire  gage. 


The  gage  reading  of  measurement  No.  2  is  evidently  in  error.  The 
velocities  are  all  larger  than  the  corresponding  ones  of  No.  10.  The 
coiTect  reading  is  probably  6.88;  that  is,  there  is  a  mistake  of  0.1  foot. 
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Fig.  42. — Station-rating  curve,  ('henango  River,  (k)urt  Street  Bridge,  Binghamton,  N.  Y. 

The  quantities  in  columns  4  and  6  are  plotted  in  fig.  42,  which  shows 
the  station-rating  curve.  From  this  curve  the  following  station-rating 
table  has  been  prepared: 
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[sro.  96. 


^tntion-nitiwj  idttle^  Chaumgo  River,  Court  Street  Bridge,  Binghamtan,  X.  Y. 


(fHjfe  n'HfllnK.       |  discharge.         Gage  reading. 


I-hL 


5.2 

6.3. 

5.4. 

5.5 

5.6, 

5.7. 

5.H. 

6.9, 

6.0, 

6.1 

6.2 

6.3 

6.4 

6.5 

6.6, 

6.7 

6.8 


I  Sccond-/eet. 

I  415 

450 

510 

625 

755 

885 

1,015 

1, 145 

1,275 

1,410 

1,545 

1,680 

1,815 

1,950 

2,085 

2, 220 

2,355 


Fed. 

6.9 

7.0 

7.1 

7.2 

7.3 

7.4 

7.5 \ 

7.6 

7.7 

7.8 

7.9 

8.0. 

8.1 

8.2 

8.3 

8.4 

8.5 


Discharge. 


Second-frrt. 
2.490 
2,625 
2,765 
2,905 
8,045 
3.U6 
3,325 
3,470 
3,615 
3,760 
3,905 
4,050 
4,200 
4,350 
4,500 
4,650 
4,800 


Gage  reading. 


8.6. 

8.7., 

8.8.. 

8.9., 

9.0. 

9,1. 

9.2 . 

9.3. 

9.4. 

9.6. 

9.6. 

9.7. 

9.8. 

9.9. 

10.0 


Fcrt. 


Dincfaaret. 


4.#i' 

5,11' 
5.5* 

5,  .v«' 
&,"»« 

5.  N« 

6  •  I-' 
€.17« 

6,ivr> 
6,r> 


From  the  two  preceding  tables,  the  following^,  showing  the  difference 
between  the  nieaisured  discharge  and  the  discharge  given  by  the  station- 
rating  table,  has  been  prepared: 

Comparison  of  memmred  and  mean  discharges,  Chenango  River,  Binghatnion,  X.  Y. 


Date. 


1901. 

July2 

Julys 

Jiily9 

July  29 

Do 

August  19 

Do 

October  19 

Do :.. 

1902. 

March  27 

March -28 " 

March  29 

Julyl 

Julys 

July  15 

August  3 

August  14 

August  15 

1903. 

Julyl 

July3 

August  2 


Gape 
reading. 

Discharge. 

No. 

By 

By  rating 

Disicfaarsre  difference. 

Fed. 

measure. 
Second-fed. 

curve. 

CubicfeeL 

Second-fed. 

Ptr  rru. 

1 

5.64 

848 

807 

+  41 

-   h  1 

2 

rt5.78 

1,119 

989 

+  1» 

-rHi 

3 

5.71 

»12 

1.028 

-  86 

-  >.Z 

5 

5.21 

405 

420 

-  15 

—      'x.'\ 

6 

5.21 

425 

420 

+     5 

+  1  - 

7 

5.49 

677 

613 

-  36 

—  '•  *» 

8 

5.48 

666 

602 

-  86 

—    *'  {' 

9 

b5.82 

927 

1,041 

-114 

-li  § 

10 

ft  5. 81 

987 

1.028 

-  41 

-  4  t 

11 

8.15 

4,201 

4, -275 

-  74 

-  l.T 

12 

8.21 

4,377 

4,365 

+  12 

+  0. 

13 

8.75 

5,205 

6. 175 

+  30 

+  U.' 

15 

8.41 

4,816 

4,665 

+150 

+  J^. 

17 

7.16 

2.688 

2,849 

-161 

-  H.: 

18 

6.56 

2,098 

2,081 

+  67 

+  i 

20 

9.04 

5.543 

6,612 

-  69 

-  1 . 

21 

6.20 

1,608 

1,545 

+  53 

T  ii 

22 

6.06 

1,341 

1,383 

-  42 

-  X? 

14 

8.44 

c4,439 

4,710 

-271 

'-  h.: 

16 

7.16 

c2,611 

2,849 

-238 

—  \  , 

19 

9.10 

c5,426 

6,705 

—279 

-  li 

«  Should  probably  be  5.88. 

&  Reading  too  large  on  account  of  backwater. 

cBy  Harlachcr's  method. 

Omitting  No.  2  on  account  of  a  probable  error  in  the  gage  reading, 
and  No.  9  on  account  of  the  influence  of  back  water,  we  see  that  the 
variation  of  the  discharges  from  the  mean  discharge  is  from  — 8.3  to 
+5.1  per  cent. 

The  15  vertical  velocity  curves  for  each  of  the  8  verticals  are  made 
up  from  velocity  observations  at  from  3  to  6  points  in  each  vertit^l. 
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the  extreme  ones  being  about  0.5  foot  above  bottom  and  1  foot  below 
the  surface.  Each  observation  ciovered  4  periods  of  25  seconds  each. 
The  nearest  whole  number  of  revolutions  in  each  period  was  recorded 
except  the  last  one,  in  which  the  nearest  tenth  was  also  recorded. 
The  velocities  computed  from  these  observations  were  plotted  on  sec- 
tion paper,  and  a  smooth  curve  drawn  to  represent  the  mean  vertical 
velocity  curve.  These  points  gave,  as  a  rule,  a  well-defined  curve 
except  near  the  bottom,  where  the  bed  was  rough.  From  these  curves 
the  velocity  at  each  two-tenths  of  the  depth  and  at  the  surface  was 
taken  and  tabulated.     The  data  for  each  vertical  was  grouped,  and 


Velocity  in  feet. 
1  2  3 


Fio.  -iZ. — CimupHof  vertical  vehK'ity  curves,  IHieiiango  River,  BiDghamU)ii,  N.  Y. 

those  for  each  two-tenths  of  depth  and  surface  were  combined  for  the 
curves  in  which  the  gage  heights  did  not  differ  by  more  than  0.5  foot. 
The  resulting  six  sets  of  vertical  velocity  curves  on  the  upper  side, 
and  three  sets  on  the  lower  side  of  the  bridge  are  shown  on  figs.  43 
and  44.  These  sets  of  curves  should  now  be  studied  in  connection 
with  figs.  40  and  41,  which  show  position  of  piers  and  irregularity  of 
bed.  Perhaps  the  first  thing  that  is  noticed  is  the  similarity — with 
one  exception — of  the  curves  in  any  group.  Curve  No.  0  in  each 
group  is  different  from  the  others,  and  indicates  a  disturbance  of  the 
ordinary  conditions.     The  reduced  surface  velocity  indicates   back- 
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watei',  )mt  as  no  slope  measurements  were  taken  that  afternoon  it  can 
not  ho  deKnitel}'  stated  that  this  is  the  cause.  Another  noticeable 
feature  is  the  falling  of  all  the  surface  velocities  except  No.  6  od  a 
well-detined  curve  which  resembles  a  parabola.  Another  is  that  tlie 
maximum  velocity  is  at  or  near  the  surface.  Another,  that  as  the 
depth  decreases  and  as  the  velocity  decreases,  the  vertical  velocity 
curve  approaches  a  straight  line.  For  shallow  depths  this  line  i& 
more  inclined  tlian  for  greater  depths. 

Velocity  in  feet. 
2         3         0        1 


Fiu.  44.— Groups  of  vertical  velocity  curveB,  Chenango  River,  Binghainton.  N.  V. 

The  lower  parts  of  these  curves  are  not  well  defined  on  account  of 
roughness  of  bed;  the  depths  varied  and  the  velocity  was  irregular 
and  local.  The  following  table  shows  the  change  in  mean  velocity  in 
verticals  for  changes  in  river  stage: 

Tdhlf  H}n)iriu<j  change  in  mean  velocity  in  rerlicnla  nnth  changes  in  river  fftage,  (^heruwgo 

A*i/vr,  (hurt  Street  Bridge^  Binghamton^  N.  Y. 


Date. 

(tage 
reading. 

/>>•/. 
0.21  , 
5. 43 
5.61  , 
5.80 

1 
1 
6.15 

6.27  1 

7.18 

8.02 

8.14 

8.17  , 

8.40 

8.85 

9.07 

100  feet. 

~ 

0.68 

.97 

1.49 

I.:i6 

1.72 
2.17 
2.49  , 
3.38 

1'20  feet. 

0.91 
1.19 
1.66 
1.5.'i 

1.97 
2.18 
2.65 
8.74 

Distance 
140  feet. 

of  vertical  from  initial  point. 

190  feet.  I 

0.90 
1.09 
1.68 
1.42, 

1 

1.90 
1.98  1 
2.57  ' 
3.92 
4.U 
3.19 
3.11 
4.19  1 
3.17  , 

1 

210  feet. 

280  feet. 

0.75 

.74 

1.41 

1.15 

'  275  feet. 

290  feel. 

1901. 
July  30  ... 
Aim'.  20... 
July  9.... 
Oct.  19a.. 

1902. 
Aug.  15  ... 
Aug.  14... 

Julv  3 

Mar.  28  ft.. 

1.11 
1.31 
2  09 
1.78 

2.30 
2.61 
3.10 
3.91 
3.90 
3.61 
3.59 
4.10 
3.65 

0.83 

.95 

1.52 

1.31 

1.90 
2.09 
2,70 
4.06 
4.12 
3.05 
3.08 
4.35 
3.01 

0.62 

.77 

1.29 

1.12 

1.71 
1.77 
2.48 

a42 
.53 
M 
M 

1.40 

1.90 
2.80 
3.84 

1.51 
2.11 

Mar.  27 ft.. 

Mar.  28  ... 

2.93  , 
3.(M 
3.60 
3.22  1 

3.23 

..... 
2.68 
2.61 

3.06 
S.0U 

Julv  1 

2.42 

Mar.  29''.. 

3.83 
3.33 

Aug.  2«  .. 

3.15 

3.06 

•179 

a  Affected  by  l>ack  water. 


h  From  lower  side  of  bridge. 
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These  mean  velocities  and  corresponding  river  sta^e  has  been  plotted 
for  each  vertical,  giving  curves  like  that  for  140  feet  from  initial 
point,  as  shown  in  Fig.  45.  T!ie  velocity  does  not  increase  as  fast  as 
the  river  stage.  The  following  table  shows  the  changes  in  the  ratio 
d 


D 


for  river  stages: 


Table  shoimng  change  in  ratio  d'\-D  in  verlicaU  with  change  in  river  stage,  Cfienango  River^ 

Court  Street  Bridge ,  Binghamtnu,  N.  Y. 


Gage 

Distance  of 

vertical  from  in 

Litial  point. 

read- 



' 

ing. 
Pfet, 

100  fwt. 

120  feet. 

140  feet. 



190  feet. 

- 

210  feet. 

•230  feet. 

KBfe«'t. 

290  feet. 

5.21 

O.M 

0.64 

0.60 

0.57 

0.68 

0.58         0.56 

0.55 

5.43 

.53 

..'»9 

.62 

.60 

.63    '      .58          .57 

.56 

5.&1 

.56 

.65 

.61 

.61 

.63    ;      .60          .58 

.53 

6.15 

.56 

.58 

.61 

.64 

.66     .-.       .58 

.60 

6.27 

.64 

.61 

.64 

.67 

.67 

.67 

.67 

.63 

6.64 

.57 

.59 

.67 

.62 

.ti5 

.66 

.64 

.67 

7.18 

.61 

.64 

.63 

.59 

. 70           .  67 

.65 

.57 

8.17 

.59 

.63 

.64 

.62 

.62           .61           .61 

.63 

8.40 

.67 

.70 

.6:$ 

.67 

.63           .67 

.55 

a9.07 

ft8.02 
8.14 

8.85 

a. 70 

.586 

ft.  57 

a. 67 
.616 

n.e9 

a. 64 

a. 63 
.657 

a.  67 
.625 

a. 65 

a. 61 

■  .636 

.616 
ft.  62 

.614 

.577 

ft. 60 

ft. 63 

ft.  63    ■    ft.  53 

ft. 69 
ft. 64 

.f)53 

ft.  59 
ft. 66 

.623 

ft. 63 
6.67 

.613 

ft.  57 
.57 

ft. 66 



.63 

*■**■*** 

«  ResnultM  HfTeeted  by  bacit water  and  not  UHed  in  computing  mcanK. 
ft  Results  from  lower  side  of  bridge. 

It  is  seen  that  this  ratio  increases  somewhat  as  the  depth  increases 
for  the  shallower  depths  when  the  stage  is  constant,  and  also  increases 
slightly  as  the  river  stage  increases.     Fig.  45  shows  results  for  the 

vertical  140  feet  from  initial  point. 

V 
The  following  table  shows  changes  in  the  ratio     ir    in  verticals  for 

'  8 

changes  in  river  stage,  V^  being  the  velocity  0.5  foot  below  the  surface: 

Table  fihmring  change  in  ratio  Vjn~^yn  ^^'  rerticnh  for  changes  in  river  Mage^  Court  Street 

Bridge,  (-hniango  River,  Bingha niton,  X.  Y. 


(iagc 

I)i^4tnncc  of 

vertical  fn>m  in 

itial  (HUiit. 

read- 

- 

ing. 

100  feet. 

120  feet. 

140  feet. 

190  feet. '210  feet. 

230  feet. 

275  feet. 

290  feet. 

Feet. ' 

6.21 

0.80 

0.77 

0.8:1 

0.90        0.86 

0.80        O.W 

0.83 

5.43 

.90 

.80 

.Ki 

.9-1           .85 

.78 

.86 

.81 

5.64 

.90 

.KJ 

.89 

.92 

.93 

.89 

.89 

.89 

a5.80 

«.91 

rt.85 

«.86 

«.9l 

rt.90 

a.  76 

a.  86 

«.91 

6.15 

.82 

.81 

.85 

.8:^ 

.86 

.88 

.82 

6.27 

.90 

.84 

.89 

.84 

.88 

.90 

.87 

.88 

6.64 

.89 

.81 

.90 

.89 

.88 

.82 

.90 

.88 

7.18 

.89 

.84 

.88 

.86     '       .92 

.92 

.91 

.86 

8.17 

.85 

.87 

.89 

.87           .88 

.81 

.87 

.90 

8.40 

.89 

.92 

.89 

.91 

.84 

.90 

.82 

a9.07 

a.  93 
.871 
ft.  85 

«.88 
.821 

ft.  88 

1.89 

«.89 

a.  83 

cr.  88         «.  86 

a.  81 

.876 
ft.  90 

.  HS2 

.897 

.83;j 

ft.  91 

.880 

.855 

ft8.02 
8.14 
8.85 

ft.  93 

ft.  94 

ft.  92 
ft.  93 

ft.  93 
ft.  94 

ft.  94 
ft.  98 

.953 

^.86 
.865 

ft.  89 
.885 

.317 

.933 

(iReiiulls  affected  by  ba(*kwater  and  not  iise<l  in  computing  meant*, 
ft  Results  from  lower  aide  of  bridge. 
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The  values  of  this  ratio  and  the  correspondiDg  gage  heights  have 
been  platted  for  each  vertical.  They  all  show  this  ratio  to  be  nearly 
constant.  There  is  a  slight  increase  of  the  ratio  for  increasing  river 
stage.     Fig.  45  shows  results  for  vertical  140  feet  from  initial  point 


Gage  height  ia  feet. 
7  8 


Fig.  45.— Diagram  nhuwiiig  results  in  vertical  140  feet  from  initial  point.  Court  Streel 

Bridge,  Binghamton,  N.  Y. 

The  slope  of  the  surface  in  the  vicinity  of  the  gaging  station  wa> 
obtained  by  measurements  with  a  steel  tape  from  points  of  known 
elevation  at  the  gage  and  at  Ferry  Street  Bridge.  The  data  obtained 
are  given  in  the  following  table: 
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*S2o/>^'  of  Chenango  River y  Binghamtan,  N.  Y.,  from  Court  street  to  Ferry  Street  Bridge, 

l,500feet. 


Date. 


March  28  . 

Do.... 

Do.... 
March  29  . 

Do.... 
Julyl  .... 

Do.... 
July  2.... 
Julv3  .... 
July  15  ... 

Do.... 
Au^ujit  3. . 
AuKURt4.. 
AugiiNtl4. 

Do.... 
AUgniM  15. 


1902. 


Hour. 


7.80  a.  m... 
10.45  a.  m  . , 

5  p.m 

7.90a. m  ... 
11.45  a.  m .. 
12.14  p.  m . . 
3.45  p.m... 
6.55  a.  m  . . . 
1.30  p.m... 
5.10  a.  m  . . . 
1  p.m 

6  a.  m 

5.40  p.  m  . . , 
2.40  p.m.. 
6.85  p.  m  . . , 
5.30  a.  m  . . . 


Au^twt  16 [  12. 12  p.  m 


Klpva. 

Oage  read- 
ing. 

Court 
.  street. 

a 

Feet 

Feet. 

8.02 

-6.09 

8.05 

5.06 

8.32 

-4.79 

8.70 

-4.40 

8.91 

-4.20 

8.46 

-4.70 

8.40 

-4.75 

8.07 

5.06 

7.30 

-5.82 

6.68 

-6.38 

6.59 

-6.46 

8.62 

-4.40 

7.88 

-5. 16 

6.28 

-6.74 

6. 26 

-6.77 

6.19 

6.83 

6.09 

-6.97 

8.a 

-   — 

Elevation 

Perry 

difference. 

itreet. 

F-C. 

F. 

Feel. 

FeH. 

-4.n 

0.37 

-4.68 

.88 

-4.40 

.89 

-4.01 

.89 

-3.80 

.40 

-4.31 

.89 

-4.37 

.88 

-4.68 

.88 

-5.62 

.80 

-6. 15 

.28 

-6.22 

.24 

-4.09 

6.81 

-4.89 

6.27 

-6.55 

.19 

-6.57 

.20 

-6.64 

.19 

-6.81 

.16 

Eleyationfl  of  B.  M.  furnixhed  by  E.  F.  Weeks, 


«  ElevatioQs  referred  to  Bingham  ton  City  datum. 
A.H$<istant  City  Engineer. 
bMeasuremenUi  made  during  backwater. 

N or R.- From  July  3  to  July  16, 1902,  the  gage  wire  appears  to  have  shortened  about  0.09  foot. 

These  data  are  plotted  in  fig.  46,  using  sui*face  elevations  at  Court 
Street  Bridge  as  ordinates,  and  fall  of  the  surface  in  1,500  feet  as 
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Fall  of  surface  in  feet. 
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Fig.  46.— Diagram  showing  change  in  surface  slope  for  change  in  river  stage,  Chenango 

River,  Court  Street  Bridge,  Bingham  ton,  N.  Y. 

Ll>scissas,  giving  the  curve  A  B.     The  slope  increases  with  the  depth, 
>ut  the  rate  of  increase  is  not  as  great  as  that  of  the  depth.     The  points 
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(I  and  'i'  ohtained  during  the  pffeet  of  backwater,  show  that  there  i>  le- 
slope  and  nmaller  change  in  i^lope  when  there  is  backwater  at  a  stalior. 
WORK  ON  SUSQUEHANNA  RIVER  AT  BINGHAMTON.  N.T. 
SiiMiiuohanna  River  risen  in  Ob4pgo  County,  in  the  east-central  pn: 
of  New  York,  and  flows  Mniii 
wowtfirly  and  southerly  throii:: 
New  York,  Pennsylvania,  a^ 
Maryland,  into  Chesapeake  IIj; 
The  gaging  station,  when'  [!■ 
work  to  lie  described  wa?*  di-n-. 
is  at  P^xchaugo  Sti-eet  lirivb 
Binghamton,  N.  Y".  Theclia:ii 
is  straiglit  for  al>out  ^*)  I  ' 
above  and  below  the  stalion.  :j.- 
a  width  of  atiout  3iw)  feet  al  I  ' 
water  and  about  450  feet  at  lii:. 
water,  and  is  broken  by  ibn- 
piers.  The  bed  is  gravel  a' 
sDiall  stone,  with  large  ?ii' 
tilled  around  the  piers.  Fij.'.  t' 
fihowa  the  contour  line>  "f  i 
bottom,  and  the  location  of  i..- 
piers.  Fig.  4)S  shows  the  en- 
sei'tion  on  the  upper  side  nf  f 
bridge.  The  shape  of  the  •*.■(  i 
is  good  except  for  the  till  . 
around  the  pierw;  the  iwd  i-  \- 
uianont,  and  the  vclot-ity  hr-z 
especially  for  the  higher stau- 
About  !»M)  feet  atove  the  jitar 
is  the  dam  of  the  ninglmiii 
\Vat«r  Power  Company.  Il^  * 
fective  hwid  is  t>  feet.  The  thr>  ■ 
of  the  stream  strikes  the  |'-'  - 
somewhat  oblkjuely,  pnxhii  . 
eddies. 

The  old  wooden  bridge  ui  i 
station wftsconderanedshorih  - 
fore  this  station  was  (.^^tabli-  - 
and  it  was  decided  to  plo''"'  i 
gage,  which  is  of  the  wire-w.  . 
form,  on  Washington  >v- 
liridge,  about  1,!K>0  feet  1% 
the  station.  A  tcmpoi-ary  gage  was,  however,  established  al  ' 
.itAtion,  and  the  water  surface  referred  to  it  for  oonvenienoe.  1 
new  bridge  whs  e.rwted  in    the  spring  of    IHO'2.     It   has   only   ■ 
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der,  which  is  al)out  2(X)  feet  from  the  east  abutment.  Around  it  are 
wo  rows  of  short  piles  and  a  quantity  of  large  stone.  The  upper 
vnvta  of  the  old  piers  have  been  removed,  but  the  stone  filling  around 
hern  remains,  leaving  .the  river  bed  irregular  and  rough. 

The  method  of  measuring  discharge  and  of  obtaining  vertical  veloc- 
ty  curves  was  the  same  as  at  the  Chenango  River  station,  and  need  not 

Width  in  feet. 
LP.      20     40     60       80     100    120    140     160    180     200     220    240    280     280    800    820    340    360 


Fig.  48.— Cro8B  section  of  Susquehanna  River  at  lower  side  of  Exchange  Street  Bridge, 

Binghamton,  N.  Y. 

igain  be  described.  The  current  was  so  swift  here  that  it  was  difficult 
Ay  keep  the  meter  in  place,  and  the  discharge  is  computed  in  some 
*ases  from  velocity  measurements  1  foot  below  surface,  and  the  ratio 
)f  mean  to  surface  velocity  found  from  the  vertical  velocity  curv'es. 

The  following  table  giv.es  the  results  of  the  discharge  measurements. 
Those  made  in  1902  were  from  the  upper  side  of  the  new  bridge: 

fHschnrgeineft^nrementSf  SunqnehannaRirer^  Bingfuimton^  N.  }'.,  Excluinge  Street  Bridge. 


No. 


1 
2 
3 
4 

6 
7 
« 
9 
10 


11 

12 

I2s 

12, 

13 

14 

14 

15 

Iti 

17  I 

18 

19 

20 

21 


Date. 


Mc'thiwl  ustni. 


Gufire 


reading. 


gc 

Ik 


1901. 
July  3 
July  10 
July  30 
Aug.iO 
Aug.20 
Aug.21 
Aug.21 
Aug.22 
Ang.22 
Aug.23 

1902 
July 
July 
July 
July 
July 
July 
July 
Julyl4 
Aug.  3 
Aug.  3 
Aug.  4 
Aug.  4 
Aug.  15 
July  16 


0.6  depth  .. 

do 

do 

do 

do 

do 

Harlaeher'H 
0. 6  depth  . . 

do 

do 


Harlacher'8 . . 

0.6  depth 

Surface  ratUis 
v.  v.  curvcH  . 
Harlachcr's . . 
v.  V.curven.. 

0.6  depth 

do 

Harlacher's . . 
eiurfaoe  ratios 
Harlaeher'H.. 
Surface  ratioH 

0. 6  depth 

do 


-0.60 

-  .27 

-  .83 

-  .65 

-  .6iJ  . 
+2. 73 

f3.oo  : 

+  1.10 
+  .73 
+  .31 

+  2.16  ' 
+2.09 
+2.06 
+2.09 
+2.46 
+  1.87  . 
+  1.87 
+  .77 
+3.31  I 
+3.31 
+2.65 
+2. 65 
4-  .24  , 
+  .08  I 


.\rea. 

DiHcharge. 

S<iuarr/('<i. 
891 

Sfcoiid-frtt. 
9-17 

1,020 

1.425 

847 

6(508 

909 

942 

923 

952 

1,989 
2.066 
1,439 

7,244 
7,803 
3, 752 

1,324 
1,189 

4        <>4ri'¥ 

2,983 
2,176 

1,813 
1,790 
1,794 
1,790 
1,916 
1,717 
1,717 
1,320 
2,206 
2,187 
1,971 
1,952 
1.140 
1.103 


5,386 
5,839 
5,680 
5,420 
6,559 
5,230 
5,626 
3,064 
8,156 
8,633 
6, 599 
6,902 
2,105 
1,920 


Moan    " 
velof*ity. 


1.06 
1.10 
.72 
1.04 
1.03 
3.65 
3.77 
2.61 
2.25 
1.83 


2.97 
3.26 
3.17 
3.08 
3.42 
3.28 
3.28 
2.32 
3.70 
3.95 
3.34 
3.58 
1.86 
1.74 


«age, 
Wash.  8t. 


2.13 
2.28 
1.99 
2.09 
2.10 
4.63 
4.87 
3.-23 
2.94 
2.64 

4.09 
4.04 
4.10 
4.04 
4.39 
2.96 
3.86 
2.96 
5. 15 
5. 15 
4.60 
4.60 
2.60 
2.50 


Place. 


a  Tpper  gide  of  old  hridge. 

6  Two  small  gates  in  mill  clofied  during  measurement. 


«•  Ix)\ver  side  of  old  bridge. 
ti  Upper  side  of  new  bridge. 
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These  discharges  and  the  corresponding  temporary  gage  retutiag^ 
are  plotted  in  fig.  49,  which  gives  the  station-rating  curve  for  Ai* 


1,000  2,000 
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3,000        4,000         5,000         6.000 
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Fig.  49.'Station-niticg  curve  of  Susquehanna  River  at  Excbange  Street  Bxids«, 

ham  ton,  N.  Y. 

station.     From  this  curve  the  following  station-rating  table  has  \^'^' 
prepared: 

Stadon'rating  table,  Susquehanna  River ^  ExcJumge  Street  Bridge^  Binghamtan^  X.  Y. 


Gage  read- 
ing. 

Discharge. 

'     Qtt^e- read- 
ing. 

Dischaige. 

Gage  read- 
ing. 

IMaehan^-. 

Feet. 

■  Second-feet. 

Feet. 

Second-feet. 

FeeL 

Sf^vmif-' 

-1.0 

526 

0.7 

2,956 

0.4 

t...* 

-  .9 

642 

.8 

8,140 

.5 

<».'J 

-  .8 

760 

.9 

3,336 

.6 

6.N. 

-  .7 

879 

1.0 

8,530 

.7 

7.  ^' 

-  .6 

1,000 

.1 

3,730 

.8 

7.  ^ 

-  .6 

1,124 

.2 

3,980 

.9 

7.  ^' 

-  .4 

1,250 

.3 

4.130 

3.0 

7  ••  • 

-  .3 

1,378 

.4 

4,330 

.1 

K'H 

-  .2 

1,510 

.5 

4,530 

.2 

K-^ 

-  .1 

1,(>15 

.6 

4,780 

.3 

K^ 

.0 

1,790 

.7 

4,930 

.4 

K"* 

f  .1 

1,936 

.8 

5,180 

.5 

9J-; 

.2 

2,090 

.9 

5,330 

.6 

9.a« 

.3 

2. 2.S2 

2.0 

5. 530 

.7 

«:». 

.4 

2,415 

.1 

5,740 

.8 

^.v 

.5 

2, 592 

.2 

5,950 

.9 

K1.I-* 

.6 

2, 770 

.3 

1 

6,170 

4.0 

H»-« 

From  this  table  and  the  one  giving  results  of  discharge  measur 
ments  the  following  table,  giving  the  percentage  difference  hetw-t 
the  measured  discharge  and  that  shown  by  the  discharge  table,  r:^' 
been  prepared.     With  three  exceptions  this  variation  is  le^ss  than .' 
per  cent.     The  largest  variation  is  for  the  smallest  river  stage^  and  - 
due  to  the  closing  of  the  gates  of  the  mill  at  noon  while  the  measurr- 
ment  was  under  way.      No.  14  is  too  large,  due  to  the  meter  bei*. 
carried  downstream,  and  not  being  at  0.6  depth.      The  results  ^'' 
Harlacher's  method,  No.  7,  11,  13,  16,  and  18,  indicate,  as  in  the  «•* 
of  the  Chenango  River  station,  that  the  coefficient  0.85  in  the  fomiuL 
^=0.86  2  x/s  J^is  too  small,  and  should  be  0.88. 
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hnijMtri^fon  of  meanured  and  mean  dUcIuirgey  Susqtiehanna  River ^  Excfiange  Street  Bridge, 

Bvnghamton^  N,  Y. 


Date. 


ulv  3 

uly  10... 
ulySO... 
uiKii8t20 

Do  . . . 
Liif^ust  21 
LU^ust  22 

I>o  ... 
LUS^ust  23 

ulv  2 

'Do  ... 

Do  ... 
iily4.... 

Do  ... 
uly  II... 

kUJ^UKt  3  . 

iuj^ust  4  . 
Uigrust  15 
iugu.st  16 
liiKUst21 

uly  2 

uly  3 

Vugih«t3  . 
lu^ust  4  . 


1901. 


1902. 


1 
2 
8 
4 

5 
6 
8 
9 
10 

12 
12, 
12s 
14 
14, 
15 
17 
19 
20 
21 
7 
11 
13 
16 
18 


-0.60 

-  .27 

-  .83 

-  .65 

-  .63 
+2.73 
+  1.10 
+  .73 
+  .31 

+2.09 

+2.09 

+2.16 

+  1.87 

+1.87 

+  .77 

+3.31 

+2.65 

+  .24 

+  .08 

+3.00 

2.16 

2.46 

8.31 

2.65 


By  meaM- 
ure. 


DIiK'harge. 

By  curve. 


Seamd-feet. 

947 

1.425 

608 

942 

952 

7,244 

3,752 

2,983 

2,176 

6,839 
5,420 
5,680 
5,626 
5,280 
3,064 
8,683 
6,902 
2,105 
1,920 
7,803 
5,386 
5,660 
8,156 
6,599 


Second-fed,. 

1,000 

1,416 

?25 

940 

965 

7.155 

3,730 

3,011 

2,268 

5,720 
5,720 
5,866 
5,270 
5,270 
8,08-1 
8,565 
6,965 
2,162 
1,906 
7,805 
6,866 
6,488 
8, 56o 
6,965 


DifH'hHixe  difference. 
Per  cent. 


Second- 
feet. 


-  53 
+  9 
-117 

+    2 

-  13 
+  89 
+  22 

-  28 

-  92 


+119 
"800 
-186 
+356 
-  40 


20 
68 
63 
47 
14 
-  2 
-480 
+  71 
-409 
-366 


+ 


+ 


'  -  5.3 
+     .7 

«-16.1 
+     .2 

-  1.3 
+  1.2 
-I-     .6 

-  .9 

-  4.0 


«>  + 


+ 


2.1 

6.2 

3.1 

6.6 

.8 

7 

.8 

.9 

2.2 

.7 

.0 

8.2 

1.1 

4.8 

6.2 


a  Due  to  clnciinK  the  gates  in  bill  at  noon. 

^Due  to  meter  Deing  carried  downstream  and  not  at  0.6  depth. 

Vertical-velocity-curve  data  were  obtained  in  12  verticals  as  described 
:>n  p.  117.  These  were  plotted,  vertical  velocity  curves  drawn,  and  the 
^^elocities  at  each  one-fifth  of  the  depth  and  at  the  surface  tabulated. 
Che  curves  in  each  vertical  in  which  the  change  in  river  stage  did  not 


Velocity  In  feet. 
12  8  4 


3 


Fig.  60.— Vertical  velocity  curves,  Susquehanna  River,  Exchange  Street  Bridge,  Binghamton,  N.Y. 

differ  by  more  than  0.5  foot  were  then  united  by  combining  the  veloci- 
ties at  each  fifth  of  the  depth.  Some  of  the  resulting  groups  of  curves 
are  plotted  in  figs.  50  and  51.  Nos.  4,  5,  6,  and  7  were  taken  from 
the  upper  side  of  the  new  bridge,  which  is  18  feet  upstream  from  the 
upstream  face  of  the  old  bridge. 
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Fig.  51.— Vertical  velocity  curves,  Susquehanna  River,  upper  side  of  Exchaniere  Street 

Bridge,  Binghamton,  N.  Y. 
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Gage  height  in  feet. 
+1  2 
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3.0 
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Fig.  52.~I)iHgrami<  showing  change  in  velocity  and  In  ratios  -p.  -tJ-  forchanges  in  riversta^. 
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It  is  seen  that  the  curves  in  fig.  50,  out  of  the  influence  of  the  pier, 
are  very  regular  in  shape,  and  the  surface  velocities  give  a  well-defined 
curve,  the  greatest  velocity  being  at  or  near  the  surface. 

Those  in  fig.  51  are  not  far  from  the  piers,  except  that  at  335  feet  from 
initial  point,  which  is  near  the  shore.  These  are  not  so  regular  in  shape, 
and  the  surface  velocities  do  not  fall  on  a  well-defined  curve.  The  points 
marked  by  triangles  show  surface  velocity  for  the  river  stage  indicated, 
})ut  not  taken  when  the  vertical  velocitv  curve  was  obtained. 

Surface  sio}}e  of  Siunjuehamui  River ^  Bin^hamtrm^  N.  Y.^from  Krrhange  Street  Bridge 

to  Washington  Street  Bridge^  1^850  feel. 


T>ttte. 


1902. 


jTr.v2 ... 

July  14  .. 

A.UKUKt  3. 

Do... 


Do.... 

Do.... 
\ugiist  4.. 

Do.... 
August  15. 

Do.-.. 

Do.... 

Do.... 

Do.... 
ViifSiiKt  16. 

Do.... 


Elevation 

water  sur- 

face. 

Differenco 
elevation. 

Washing- 

Exohange 

ton  Strt'et 

Street 

Bridge. 

Bridge. 

Fed. 

Fai. 

Frrl. 

a     5.86 

«     4. 74 

1.12 

-6.  lio 

-5.88 

1.07 

-4.44 

-3.16 

1.28 

-4.49 

-8.16 

1.33 

-4.63 

-3.26 

1.27 

-4.75 

-3.42 

1.83 

-5.18 

-3.91 

1.27 

.     -5. 45 

-4.20 

1.25 

-7.33 

-6.35 

.98 

-7.41 

-6.43 

.98 

-7.40 

-6.43 

.97 

-7.37 

-6.42 

.95 

-7.39 

-6.46 

.98 

•  -7.45 

-6.56 

.90 

-7.49 

-6.62 

.87 

n  Elevations  referred  to  Binghamton  City  datum. 

[Vimtge.'i   in  mean  irlociig  in  rerticah  vith  changes  in  river  8tage^  upper  Me  Exchange 

Street  Bridge^  Binghamton,  N,  Y. 


Date 


1901. 
ulv   10 
uly   30 

1902. 
iiig.  16 
i  ng. 
Illy 
uly 
uly 
aig. 

tUg. 


Gape 

reading. 


Di.stanee  of  vertical  from  initial  point. 

100  feet. 

125  feet. 
1.30 

170  feet.  1  245  feet. 

286  feet. 

810  feet. 

335  feet. 

1.07 

1.70 

.58 

1.57 
1.66 
2.00 
3.00 

1.X8 
2.08 
2.50 
3.46 
3.42 
4.17 
4.09 
4.86 

1.31 
1.36 

i.r>3 

2.26 
2.87 
3.09 
3.09 
3.81 

2.a5 
2.22 
2.71 

2.10 
2.26 
2.95 

1.92 
2.08 
2.50 

1.80 
2.01 
2.33 

2.76 
3.35 

3.60 
4.41 

• 

3.57 

3.21 
3.31 
3.38 
3.98 

8.02 
2.88 

3.32- 

3.88 

2.94 

3.65 

8.28 

Changes  in  the  ratio  d :  1)  in  verticals  for  changes  in  river  stage.    . 


Gage 
reading. 


Distance  of  vertical  from  initial  point. 


GO  feet.      100  feet. 


Feet. 
-0.33 
-  .87 
+  .04 
+  .21 
+  .73 
-1.85 
+  1.97 
+2.54 
4-2.46 
+3.23 

Means. 


0.52 


.5^1 

.58 
.61 
.50 
.62 
.65 
.63 


.581 


0.60 
.58 
.57 
.57 
.59 
.59 
.59 
.(» 
.(>4 
.65 

.598 


125  feet.    170  feet      245  feet 


285  feet     310  feet. 


a0..':5 
a   .66 


0.57 


.62 
.59 
.62 
.(i6 
.  07 
.65 
.(•6 
.68 


634 


.56 

0.69 

.58 

.63 

.55 

.63 

.61 

.(« 

.59 

.69 

.63 

.71 

.63 
.61 

.600 

.670    , 

1 

.65 
,61 
,63 


.57 


68 


335  feet. 


0.57 
.61 
.60 


.56 
.69 
.68 
.56 


0.51 
.57 

.56 


66 
,64 
,65 

61 


,620 


.600 


600 


a  At  175  feet  from  initial  point. 
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Chatigea  in  the  nUio  Vm .'   Vg  in  verticaUfor  changes  in  riteer  siiage. 


reading. 


60  f  wt. 


Distance  of  vertical  from  initial  point. 

245  feet.  I  286  feet. 


Fert. 
O.Si 
-  .87 
+  .04 
+  .21 
+  .73 
+  1.85 
+  1.97 
+2.54 
+2.46 
+3.23 

Means.. 


0.89 


I 


.91 
.90 
.9A 
.79 

.86 
.88 
.83 

.861 


100  feet. 

125  feet. 

170  feet. 

0.86 

0.90 

«0.87 

.92 

«   .89 
.80 

.85 

.86 

.88 

.86 

.81 

.83 

.86 

.73 

.91 

.88 

.76 

.86 

.89 

.78 

.88 

.90 

.76 

.85 

.89 

.78 

.86 

.92 

.86 

.870 

.885 

,        .808 

310  feet. '  335  ft* 


0.81 


0.98 
.92 
.93 


.91 
.89 
.90 


0.S4 

.87 

-88 


.90 
.92 


.90 


.91 
.92 
.92 


.920 


.887 


890 


.>! 
.91 
.» 


0 


Fall  of  iiur^>c  in  feet. 
0.5  1.0 


(I  At  175  feet  from  initial  point. 

The  slope  of  the  surface  from  Exchange  Street  Bridge  to  Washinfft^t 
Street  Bridge  was  obtained,  for  different  river  stagc»<,  by  measure  i' 

from  points  of  known  el»a 
i:i'*tion  on  these  bridges.  Th*-* 
data  are  given  in  the  folltw 
ing  table  and  plotted  in  %•  "> 
It  is  seen  that  the  sloiie  ir 
creases  more  and  more  sl(»vl. 
as  the  surface  elevation  i! 
creases. 

The  preceding  table  >li^^^ 
changes  in  mean  velocity 


_3 


-4 


o 


-5 


CO 


-6 


^7 


■ 

1^ 

I 

+       3 

/ 

v 

A 

I 

•> 

1 

f 

+     ^ 

f 

7 

.5 

/ 

■••    / 

/ 

?» 

/ 

5 

A 

/ 

0 

( 

m 

^ 

Fall  In  1850 

feet 

-       / 

the  ratio  -^  and   in  the  rai 

V„^ :  Vg  in  verticals  for  chanL' 
in  river  stage.    The  mean  va! 

of  yj  varies  from  0.58  t<» ".' 

and  increases  slightly  with  t 
depth  for  a  given  river  >t:i: 
and  also  increases   soniewi 
as  the  stage  increases.    F:. 
52^  illustrates  this  chanp*  * 
the  vertical  100  feet  from  i' 
tial  point.     The  mean  valu« 
the  ratio  T^.'T^   varies  fi 
0.86  to  0.92  (omitting  that :  ' 
170  feet  from  initial  p»i:' 
and  does  not  change  mu(*h  w ' 
change  of  stage.     Fig.  ."»-' 
lustrates  this  change  f<»r  :  • 

Fig.  53. — Slope  of  Susquehanna  River  from  Exchange  ..      .  tf\f\  f      a.         xT'       '^    • 

Street  Bridge  to  Washington  Street  Bridge,  Bing-  Vertical  100  lect.       t  Ig.  »>-  ' 

hamton,  N.  Y.  lustratcs  the  chaoge  in  n\* 

velocity  with  change  in  river  stage.     The  velocity  is  seen  to  incri* 
very  rapidly  as  the  stage  increases. 
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Depth  in  feeU 


WORK  ON  OSWEQO  RIVER  AT  BATTLE  ISLAND,  NEW  YORK. 

Oswego  River  is  formed  by  Oneida  and  Seneca  rivers  in  the  northern 
pait  of  Onondaga  County,  N.  Y.,  and  flows  northwest  into  Lake 
Ontario.  It  drains  several  of  the  lakes  of  central  New  York,  and  hence 
is  not  subject  to  the  ex- 
treme changes  of  flow  of 
many  streams  without  nat- 
ural storage.  On  the  other 
hand,  there  are  several 
dams  on  it  where  the  water 
is  held  back  to  some  extent 
and  the  flow  rendered  ir- 
regular. The  Oswego  and 
Syracuse  canal  takes  water 
from  it  and  to  a  slight  ex- 
tent increases  the  irregu- 
larity of  the  flow. 

The  gaging  station  is 
located  3  miles  above  Mi- 
netto,  N.  Y.,  and  8  miles 
from  the  river's  mouth, 
just  below  a  bend  of  large 
radius.  Measurements  | 
are  made  from  the  car  sus-  ^ 
pended  from  a  cable  (PI. 
VI,  £).  The  river  bed  is 
rock  except  near  the 
shores,  where  it  is  gravel. 
The  cross  section  is  shown 
in  flg.  54.  The  central 
part  is  triangular,  and  the 
station  being  at  or  just 
below  a  bend  this  shape 
modifies  to  a  marked  de- 
gree the  vertical  velocity 
curve  near  the  upper  edge 
of  the  east  side.  The  bed 
rock  is  smooth,  but  is 
broken  by  irregular 
cracks,  the  edges  of  which 
are  rough.  The  gage  is  of 
the  wire-weight  type,  and 

is  on  the  west  bank,  2,9(X)        ^°-  M-<^«»  section  of  Oewego  River  at  cable  statioiL 

feet  upstream  from  the  station.     A  temporary  gage  was  put  in  at 
the  cable,  which,  with  the  aid  of  the  elevation  of  a  bench  mark  at  the 

IBB  05—04 9 


^8 


130 


ACCURACY  OF  8TBEAM  M£A8UB£MENT8. 


[so.  ft. 


gage  and  one  at  the  cable,  enabled  fluctuations  in  the  surface  eleratioo 
and  the  slope  of  the  surface  from  the  gage  to  the  cable  to  be  measured. 
Fifteen  discharge  measurements  were  made  here  by  three  methods. 
The  results  of  these  are  given  in  the  following  table: 

Results  of  discharge  measuremrrUs  at  BatUe  Idand,  New  York,  on  Omvyo  i£trrr. 


Date. 


1901.    1 

July 

13 

Aug. 

7 

AUR. 

7 

Aug. 

27 

Aug. 

•27 

Aug. 

28 

Aug. 

28 

1902.    1 

Mar. 

31 

Apr. 

1 

July 

8 

July 

8 

July 

9 

July 

9 

Aug. 

19 

Aug. 

19 

No. 


1 
2 
8 
4 
5 
6 
7 


8 
9 
10 
11 
12 
13 
14 
15 


Method. 


0.6  depth.... 
V.  V.  curves. 

0.6  depth 

do 

do 

do 

do 


Harlacher'B . 
V.  V.  curves. 
Harlacher'R . 
V.  V.  curves. 
Harlacher's . 
V.  v.  curves. 
Harlacher's . 
V.  v.  curves. 


Surface 

elevation 

cable. 


rtCL 
86.12 
85.04 
85.06 

84.90 
85.02 
84.96 


90.77 
90.63 
87.85 
87.83 
87.88 
87.85 
87.00 
86.88 


Area. 


Square /ed. 
1,812 
1,344 
1,358 
1.351 
1,322 
1,363 
1,344 


8,491 
3,440 
2,421 
2,414 
2,431 
2,421 
2,061 
2,018 


rVl^^«t«  A  T^M^an 

Mean 

L/i8caar]^e« 

vekJcitT. 

Cubic/eeL 

FvL 

5,264 

!». 

3.224 

'!» 

3,235  1 

25> 

3,203  . 

2,9»* 

> 

s,ie9 

^  -^ 

3.066 

ii 

15^962 

ifr> 

15.653 

44& 

8,601 

ft, 

8,634 

?.r 

9,019 

Ol    I 

8.585 

S.V 

6,999 

tP. 

6.56E> 

!• 

Discharge  in  feet  per  second. 


$ 


«8 

I 
S 

s 

9 


92 
91 
90 

3,000 

4 

5,000 

6 

7 

8 

9 

10,000    u 

12 

13 

14     15.000 

16     : 

I  - 

• 

7^ 

^ 

^\. 

89 

88 

87 
86 
85 
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=- 
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^ 

^ 
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4 

1 

>^ 
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/' 

cross  9tct~-y 
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fi 
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84 

( 
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Vehcity,  feef 
0         ZP          JK)         4 
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Fig.  55.— Station  rating  curve  for  Oswego  River  at  Battle  Island,  New  York. 

These  discharges  and  the  corresponding  surface  elevations  ar^ 
plotted  in  fig.  55.  From  this  curve  the  following  station-rating  tab!* 
has  been  prepared: 
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/^Aaiion-rating  table  for  OsuH^go  River,  Bottie  IfUind,  New  York. 


SurfHce 

Surface 

Surface 

elevation 

DiHcharge. 

elevation 

Discbarife. 

elevation 

DiMchar;^. 

cable. 

Ciibtc/eet. 

cable. 

1 

cable. 

J-^rt. 

1       JFVjrf. 

Cubic/fti, 

/Vrt. 

Cubic/ret. 

85.0 

3,130 

87.0 

6,850 

89.0 

11,380 

.1 

3,900 

.1 

7,060 

.1 

11,620 

.2 

3,480 

.2 

7,270 

.2 

11,870 

.8 

3,660 

.3 

7,480 

.3 

12,120 

.4 

3,840 

1                ••* 

7,690 

.4 

12,870 

.5 

4,020 

.5 

7,910 

.5 

12,626 

.6 

4,200 

.6 

8,180 

.6 

12,870 

.7 

4,880 

.7 

8,350 

.7 

13,120 

.8 

4,560 

.8 

8,570 

.8 

13,870 

.9 

4,740 

.9 

8,790 

.9 

13,630 

K6.0 

4,930 

88.0 

9,020 

90.0 

13,890 

.1 

5,120 

.1 

9,250 

.1 

14,150 

.2 

5,310 

1                -2 

9,480 

.2 

14,410 

.8 

5,500 

!               .3 

9,710 

.8 

14,670 

.4 

5,690 

.4 

9,940 

.4 

14,930 

.5 

5,880 

.5 

10,180 

.5 

15,200 

.6 

6,070 

.6 

10,420 

.6 

15,470 

.7 

6,260 

.7 

10,660 

.7 

15,740 

.8 

6.450 

.8 

10,900 

.8 

16,010 

.9 

6,650 

.9 

11,140 

.9 
91.0 

16,280 
16,550 

Velocity 

In  feet. 

1                J 

I              8 

4 

5              2 

3 

4 

Fia.  56.— Vertical  velocity  curves  for  Oswego  River  at  Battle  lalaud,  New  York. 
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The  following  table  prepared  from  the  two  preceding  ores  show? 
the  percentage  difference  between  the  measured  discharge  and  the 
mean  discharge  or  that  given  by  the  station  rating  curve: 

CampariHon  of  measured  and  mean  dischargCf  0»wego  River,  Battle  Island,  Afir  Yin-L 


Date. 


1901. 

July  13 

August  7 

Do 

Auguat  27 

Do 

August  28 

Do 

1902. 

March  31 

Aprill 

Julys 

Do 

July9 

Do 

July  19 

Do 


No. 


1 
2 
3 
4 
6 
6 
7 


8 
9 
10 
11 
12 
13 
14 
15 


Elevation, 
Murface 
cable. 


Feet. 
86.12 
85.04 
85.06 
84. 99 
84.90 
85.02 
84.96 


90.77 
90.63 
87.  &5 
87.83 
87.88 
87.85 
87.00 
86.88 


Dlacharge. 


By  meas- 
ure (M.). 


Cvbicjeet. 
5,264 
8.224 
8,235 
8,203 
2,938 
3,169 
8.066 


16,368 
15,663 
8,610 
8,634 
9.019 
8.585 
6, 999 
6,562 


By  curve 

(C). 


Cttbic/ect. 

Cuhiejed. 

5,158 

-1-106 

3,198 

+  26 

3,232 

+-    8 

3,113 

+  90 

8,070 

-  32 

3.164 

+    5 

3,062 

-1-     4 

15,929 

-H39 

15,551 

-J- 102 

8,680 

-  70 

8,636 

-     2 

8,746 

-f273 

8.680 

-  95 

6.850 

-1-145 

6,612 

-  50 

« 

-r    A 
+^^ 


+1^ 

—  .N 

.11 


It  is  seen  that  the  percentage  difference,  or  variation  of  the  m€a>- 
ured  from  the  mean  discharge,  is  small,  the  largest  being  aliout  3  per 
cent.  The  four  by  Harlacher's  method,  Nos.  8, 10, 12,  and  14,  aret^K* 
large  by  2  to  3  per  cent,  showing  that  for  this  river,  at  this  particuLir 
place,  the  coefficient  in  the  formula  Q  =c2VgJP'  should  be  0.83  instead 
of  0.85.  It  was  seen  on  pages  116, 125  that  the  extreme  variation  of  iIk 
measured  discharges  from  the  mean  discharge  is  from  —8.3  to  +5.1  pr 
cent  for  the  Chenango  River  station,  from  —5.3  to  +2.1  per  cent  for  the 
Susquehanna.  It  is  from  +2.89  to  —1.09  per  cent  for  Oswego  Kiver. 
The  per  cent  variation  being  a  measure  of  the  accuracy,  it  is  clear  tb: 
the  discharge  measurements  at  the  Oswego  River  station,  where  then 
are  no  obstructions,  is  more  accui'ate  by  several  per  cent  than  those  at 
the  Chenango  and  Susquehanna  river  stations. 

Nine  sets  of  vertical  velocity  curves  have  been  obtained  in  12  verti- 
cals in  substantially  the  same  way  as  described  on  page  117.  For  the 
higher  river  stages  the  current  was  so  swift  in  the  deeper  parts  of  tb' 
section  that  the  meter  was  carried  several  feet  downstream  when 
the  largest  sinker  that  could  be  managed  from  the  car  was  used.  Th^ 
position  of  the  meter  was  obtained  from  the  length  of  cable  immersed. 
the  angle  it  made  with  the  vertical,  and  the  distance  of  the  car  abovt: 
the  water. 

The  vertical  velocity  curves  in  each  vertical  are  divided  into  five 
groups,  and  the  mean  of  each  group  plotted  in  figs.  56,  57,  and  ^-^ 
From  a  study  of  these  sets  of  vertical  velocity  curves,  and  those  in  fi?. 
54,  it  is  seen  that  the  greatest  velocity  is  at  or  near  the  surface,  and  tba: 
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near  the  shore  for  shallow  depths  the  vertical  velocity  curve  is  a  nearly 
straight  line.     As  the  depth  and  velocity  increase,  this  line  l)ecomes 

more  curved  and  more  inclined  from  the  vertical,  and  the  ratio    ,. 


0 


Velocity  in  feet. 

2 8 4  6  2 

A^  /40  feet  from  I  P 


8 4 5 

At  180  feet  from  I.  k 


6 


Fig.  57.— Vertical  velocity  curves  for  Oswego  River  at  Battle  Island,  New  York. 

increases  from  0.55  to  0.63.  The  effect  of  the  bed  and  bend  in  the 
stream,  is  very  noticeable  in  the  curves  at  220  feet  from  initial  point 
in  figs.  54  and  58.     The  stream  lines  striking  the  steep  incline  at  this 
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point  are  thrown  upward,  causing  "  boiling"  of  the  water  andadecreftise 
of  velocit3\    As  the  river  rises  this  phenomenon  is  less  marked.    The 

r 

effect  of  the  bend  is  further  seen  in  the  table  on  page  136.    The  ratio  " 
is  much  larger  on  the  concave  than  on  the  convex  part  of  the  stream. 
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Fio.  68.— Vertical  velocity  curves  for  Oswego  River  at  Battle  Island,  New  York. 

The  shape  of  the  bed  has  also  a  marked  effect  on  the  curves  for  diffor- 

ent  river  stages  at  180  feet. 

The  following  table  shows  the  change  in  mean  velocity,  the  changp 

d  .  V  . 

in  the  ratio  ^,  and  the  change  in  the  ratio  -^  in  verticals  for  change- 

in  river  stage.     The  mean  velocity  is  seen  to  increase  very  i-apidk 
with  the  increase  in  stage.     The  ratio  of  the  depth  of  the  thread  of 
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mean  velocity  to  the  total  depth  increases  in  some  verticals,  in  others 
it  decreases;  as  a  rule  it  increases  slightly.     The  ratio  of  mean  velocity 


91 


90 


S   88 
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a> 


0.1 
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Fall  of  surface  in  feet. 
0.8  0.4  0.5  0.6 
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Fig.  59.— Slope  of  sarface  of  Oswego  River  at  Battle  Island,  New  York. 


to  velocity  1  foot  below  the  surface  increases  with  the  increase  in  stage, 
and  is  greater  on  the  concave  than  on  the  convex  side. 

DaJUt  obtained  on  Oswego  River  at  Battle  Islandy  Ntiv  York,  shmdng  change  of  mean 

velocity  in  verticals  with  change  in  river  stages. 


Date. 

Sarface 
elevation 
at  cable. 

Distances  of  v 

erticals  from  Initial  poini 

t. 

40. 

70. 

100. 

• 

120. 

140. 

160. 

180. 

200. 

220. 

240. 

260. 

800. 

1901. 
AufT.  27 

Feet. 
84.96 
85.00 
85.04 
86.07 

86.88 
86.95 
87.83 
87.85 
90.63 

Feet 
per 
sec. 
1.19 

Feet 
per 

1.79 

Feet 
per 
sec. 
2.10 
2.20 
2.08 

3.50 
8.37 
3.^ 

Feet 
per 
sec. 
2.12 
2.14 
2.82 
2.95 

8.84 
8.29 
8.80 

Feet 
per 
sec. 
2.43 
2.51 
2.67 
8.03 

i'ao" 

Feet 
per 
sec. 
2.58 
2.66 
2.74 
3.23 

8.47 
8.55 
8.93 

Feet 
per 
sec. 
2.92 
2.97 
3.01 
3.49 

8.70 
8.65 
3.94 

Feet 
per 
sec. 
3.01 
3.12 
3.34 

3.84 
8.92 

Feet 

per 

sec. 

1.63 

1.70 

1.76 

2.82 

3.80 
3.22 
3.77 

Feet 
per 
sec. 
1.98 

Feet 
per 
see. 

Feet 
per 
sec. 
1.58 

Ausr.  28 

Aug.    7 

1.28 
1.78 

2.22 

1.71 
2.60 

8.10 

2.12 
3.91 

2.19 
2.90 

3.57 

1.67 

July  18 

1902. 
Aug.  19 

8.81 

Aucr.  19 

July    8 

2.49 

8.26 

4.00 

8.90 

3.65 

July    9 

Apr.    1 

4.59 

4.73 

5.07 

4.79 



Depths 

85.00 

■ 

2.2 

2.5 

4.0 

5.5 

8.0 

9.4 

9.1 

7.7 

5.2 

2,0 

1.9 

2.0 

l3fi 
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Table  shovring  changes  in  the  ratio  d:Din  verticals  for  changes  in  river  stages. 


Surface 
elevation 
at  cable. 

40. 

Feet 

per 

tec. 

0.54 

70. 

Distances  of  verticals  Xrom  initial  point. 

300. 

FM 

per 
tec 

a60 

100. 

120. 

140. 

160. 

180. 

200. 

220. 

240. 

2C0. 

Feet. 

84.95 

85.00 

85.04 

86.07 

86.88 

86.95 

87.83 

87.85 

90.63 

Means. 

Fxt 
per 

t(.C. 

0.53 

Feet 
per 
tee. 
0.58 
.52 
.60 

".59" 
.62 
.65 

Feet 
per 
sec. 
0.60 
.55 
.55 
.63 
.61 
.61 
.66 

FM 
per 
tec. 
0.61 
.60 
.61 
.60 

'.67"* 

Feet 
per 
tee. 
0.61 
.65 
.64 
.64 
.61 
.66 
.61 

Feet 
per 
tec. 
0.64 
.64 
.60 
.66 
.62 
.67 
.02 

Feet 
per 
tee. 
0.59 
.60 
.60 

".'86  " 
.66 

Feet 
per 
tee. 
0.60 
.61 
.60 
.60 
.66 
.51 
.55 

Feet 

per 

tee, 

0.60 

Fset 

per 

tee. 

0.60 

.58 
.55 
.59 

.60 
.66 
.60 

.55 

.56 
.87 

.53 
.60 

.M 

".'«  ' 

.580 

.63 

.70 

.55 

.63 

.59 

.50 

.63 

.60 

.60 

'.68' 

.58 

.582 

.572 

.502 

.602 

.620 

.630 

.631 

.618 

« 

.667 

.5!i2 

.5»4 

Table  sfuntring  changes  in  the  ratio  Vm  •  Vg  in  verticals  for  changes  in  river  stages. 


Surface 

elevation 

at  cable. 

Distances  of  verticals  from  initial  point. 

40. 

70. 

100. 

120. 

140. 

160. 

180. 

200. 

Feet 
per 
tec. 
0.85 
.87 
.91 

**.*84** 

.87 

220. 

240. 

2f». 

800. 

Feet. 

84.95 

85.00 

85.04 

86.07 

86.88 

86.95 

87.88 

87.85 

90.63 

Means. 

Feet 

per 

tec. 

0.79 

Feet 

per 

tec. 

0.77 

FM 
per 
tee. 
0.79 
.76 
.71 

'".'83* 
.82 
.86 

Feet 
per 
tec. 
0.71 
.70 
.71 
.77 
.77 
.77 
.84 

FM 

per 
tec. 
0.80 
.83 
.86 
.80 
.80 
.79 

Feet 
per 
tec. 
0.82 
.82 
.81 
.80 
.77 
.81 
.82 

per 
tec. 
0.87 
.87 
.85 
.85 
.82 
.83 
.82 

FM 
per 
tec, 
0.99 
.96 
.98 
.80 
.83 
.78 
.81 

Ftet 

per 

see. 

0.92 

Feet 

per 

tee. 

0.92 

FM 

per 

tee. 

0.98 

.88 
.88 
.85 

.75 
.75 

.85 

.92 
**."93  " 

.92 

.82 
.94 

.98 

"."86" 

.85 

.82 

.91 

.94 

.92 

.85 

.82 

.86 

.81 

.89 

.85 
.906 

.87 

.840 

.798 

.799 

.768 

.820 

.807 

.840 

.872 

.879 

.908 

.902 

The  surface  slope  (lata  obtained  at  this  station  are  given  in  the  fol- 
lowing table: 

Slope  of  surfa/x  of  Oswego  River  at  Battle  Island,  Nenv  York^  in  a  distance  of  !g,SSO 

feet,  for  variation  of  river  stage. 


August  26 
August  27 

Do... 

Do... 
Augu.st  28 

Do... 


March  81 . 

Do... 
April  1... 
July8.... 

Do... 
July  9 

Do... 
August  19 

Do... 

Do... 


Date. 


1901. 


1902. 


Elevation  surface. 


At  gage. 


Feet. 

a  85. 16 
84.98 
85.03 
85.03 
84.98 
85.06 


91.71 
91.68 
91.51 
88.44 
88.42 
88.41 
88.37 
87.45 
87.84 
87.36 


At  cable. 


Feet. 

a84.87 
84.71 
84.77 
84.75 
84.66 
84.78 


90.77 
90.75 
90.62 
87.85 
87.83 
87.88 
87.86 
86.99 
86.88 
86.88 


Eg-Ke.    \   Mean 


Foot. 
0.29 
.27 
.26 
.28 
.27 
.90 


.94 
.93 
.89 
.59 
.59 
.58 
.52 
.46 
.46 
.47 


Fool. 


a278 


.92 

.667 

.463 


a  The  elevations  of  bench  marks  at  gage  and  cable  were  furnished  by  R.  R.  Horton. 
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These  data  have  been  combined  as  shown,  giving  the  fall  in  the  sur- 
face in  2,930  feet  for  four  river  stages.  These  are  plotted  in  fig.  59, 
giving  the  curve  AB.  This  curve  is  seen  to  be  concave  to  the  hori- 
zontal axis,  whereas  the  slope  curves  for  Chenango  and  Susquehanna 
rivers,  figs.  46  and  53,  are  convex  to  this  axis. 

CONCLUSIONS.a 

In  the  following  statements  relative  to  methods  and  accuracy  of 
cuiTent  meter  work  done  on  a  stream  at  a  gaging  station  it  is  assumed 
that  the  channel  is  approximately  stmight,  regular  in  shape,  with  few 
obstructions,  and  the  bed  is  such  that  there  are  few  projections  of 
more  than  4  inches  in  height  above  its  general  contour.  It  is  also 
assumed  that  there  is  a  permanent  gage  at  the  station  that  can  be  read 
to  hundredths  of  a  foot  and  that  is  frequently  checked  by  measurement 
from  a  permanent  bench  mark. 

(1)  The  distance  of  the  thread  of  mean  velocitj^  below  the  surface 
increases  with  the  depth  and  with  the  ratio  of  depth  to  width.  In 
general  it  varies  from  about  0.55  to  0.65  of  the  depth. 

(2)  In  a  broad,  shallow  stream  from  3  to  12  inches  in  depth,  and 
having  a  sand  or  fine  gravel  bed,  the  thread  of  mean  velocity  is  from 
0.50  to  0.55  depth  below  the  surface.  The  mean  velocity'  in  a  vertical 
is  the  half  sum  of  the  velocities  found  by  holding  the  center  of  the 
meter  0.15  foot  below  the  surface  and  then  0.15  foot  above  the  bed. 
If  the  bed  is  coarse  gravel  (particles  1  to  2^  inches  in  diameter)  the 
center  of  the  meter  should  be  held  0.15  foot  below  the  surface  and 
then  from  0.3  to  0.4  foot  above  the  bed. 

(3)  In  broad  streams  from  1  to  3  feet  in  depth,  and  having  gravelly 
beds,  the  thread  of  mean  velocity  is  from  0.55  to  0.60  of  the  depth 
below  the  surface.  The  single-point  method  of  measuring  the  velocity, 
holding  the  center  of  the  meter  0.58  of  the  depth  below  the  surface, 
will  give  good  results. 

(4)  In  ordinary  streams  where  the  depth  varies  from  about  1  to  6 
feet,  the  thread  of  mean  velocity  is  about  0.6  below  the  surface. 

(5)  In  the  smaller  streams  (creeks)  having  a  width  of  from  20  to  40 
feet,  the  thread  of  mean  velocity  is  farther  below  the  surface  than  in 
a  broader  stream  of  the  same  depth. 

(6)  When  the  velocity  is  more  than  2  feet  per  second  the  center  of 
the  Price  meter  should  not  be  held  nearer  to  the  surface  than  1  foot. 

(7)  The  top  and  bottom  method  (center  of  meter  half  a  foot  below 
the  surface  and  then  half  a  foot  above  the  bed  of  the  stream)  gives 
velocity  from  2  to  8  per  cent  or  more  greater  than  the  mean  velocity. 
This  method  should  be  used  only  where  the  bed  is  comparative!}^ 
smooth  and  visible. 


a  See  also  pp.  98,  150,  161,*an(l  160. 
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(8)  The  vertical  integration  method  is  rapid,  and  is  a  ver>'  good 
method  to  use  as  a  check  on  the  single-point  method.  It  gives  better 
results  than  the  single-point  method  at  a  bend  in  a  stream,  under  i<«, 
under  logs,  or  where  the  conditions  are  poor. 

(9)  The  single-point  method  gives  satisfactory'  results  where  the 
conditions  are  good,  but  the  hydrographer  must  use  his  judgment  as 
to  the  depth  of  the  thread  of  mean  velocity  below  the  surface,  which 
may  be  from  0.55  to  0.65  of  the  depth. 

(10)  The  vertical -velocity -curve  method  of  obtaining  mean  velocity  h 
the  most  accurate,  but  requires  the  longest  time  to  operate  it.  A  few 
vertical  velocity  curves  should  be  taken  at  each  measurement  at  char- 
acteristic places  in  the  cross  section  as  a  check  on  the  results  obtained 
by  the  other  method. 

(11)  At  stations  with  fairly  permanent  bed  and  without  obstructions, 
the  individual  discharge  measurements  when  plotted  should  not  vary 
from  the  station  rating  curve  by  more  than  3  to  5  per  cent  for  ordi- 
nary river  stages.  For  very  low  stages  it  may  be  10  per  cent,  and  for 
high  water,  where  the  hanks  overflow,  the  variation  from  the  meao 
rating  curve  may  be  20  per  cent. 

(12)  At  stations  with  permanent  bed  and  channel  obstructions  the 
variation  of  a  plotted  discharge  from  the  station  rating  curve  may  be 
8  per  cent  of  the  discharge  for  ordinary  stages. 

(13)  A  discharge  measurement  should  never  be  considered  complete 
until  some  test  has  been  applied  to  see  if  it  satisfies  some  criterion  of 
accuracy,  as  those  in  (11)  or  (12)  or  some  other,  and  if  it  does  not 
satisfy  the  proper  criterion  the  reason  should  be  sought  in  the  change 
in  channel,  in  gage,  or  in  mistakes. 

(14)  For  flood  measurements  and  in  cases  where  the  velocity  is  so 
great  that  the  meter  can  not  be  kept  at  about  0.6  depth,  the  velocity  1 
foot  below  the  surface  should  be  obtained  and  the  discharge  computed 
fromthe  formula  ^=(7(F',i^+F",7^"+  .  .  .  .)  where  V'^  V\ 
....  are  the  velocities  1  foot  below  the  surface;  jP^',  -F",  .  .  ,  .  an? 
the  component  areas;  and  C  a  coefficient  whose  value  varies  from  0.nr> 
for  deep  streams  to  0.85  for  streams  of  somewhat  less  than  moderate 
size  and  depth.  An  easily  recognized  mark  on  the  meter  cable  will 
facilitate  the  keeping  of  the  meter  1  foot  below  the  surface. 

(15)  Discharge  should  not  be  measured  with  a  current  meter  in  % 
section  where  the  mean  velocity  is  less  than  half  a  foot  per  second  id 
mo»  e  than  15  per  cent  of  it.  Usually  during  low  water  a  section  can 
be  found  within  a  reasonable  distance  of  the  stieition  with  a  velocitv  oi 
1  foot  or  more  and  with  a  comparatively  smooth  bed,  to  which  acce^^ 
can  be  had  by  wading. 
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VERTICAIj-VEIiOCITY-CURVE    MEASUREMENTS. 

ON    SOUTHERN    RIVERS. 

During  1903  a  series  of  301  vertical-velocity-curvo  measurements 
were  made  on  a  number  of  rivers  in  Virginia,  North  Carolina,  South 
Carolina,  and  Tennessee,  by  E.  W.  Myers  and  Brent  S.  Drane,  of  the 
Survey.  In  the  majority  of  instances  these  observations  were  made 
after  a  gaging  of  the  stream  by  the  six-tenths  depth  method,  the  object 
being  to  get,  for  that  gaging,  the  coefficient  for  reducing  the  velocities 
observed  at  six-tenths  depth  to  mean  velocity.  At  times,  however, 
the  entire  gaging  would  be  made  by  taking  the  vertical  velocity 
curved  at  regular  intervals  of  live  or  ten  feet,  across  the  section. 
In  these  instances  the  velocity  at  six-tenths  depth  was  usually  not 
observed. 

The  top-and-bottom  method  was  not  used.  The  velocities  tabulated 
as  observed  at  surface  were  really  observed  at  a  depth  of  0.6  foot 
below  the  surface,  Mr.  E.  C.  Murphy  having  found  in  his  Cornell 
experiments  that  the  small  Price  meter  does  not  register  the  true 
velocity  when  run  just  beneath  the  surface,  if  the  velocity  is  greater 
than  about  2  feet  per  second.  Similarly,  no  readings  were  taken 
closer  than  0.5  foot  from  the  bottom,  this  being  the  distance  of  the 
center  of  the  meter  wheel  above  the  bottom  of  the  weight. 

With  only  two  exceptions  the  measurements  were  made  from 
bridges.  Properly,  the  meter  should  be  lowered  from  the  downstream 
side  of  the  bridge,  and  have  an  additional  cable  attached  to  it,  running 
down  to  it  from  the  upstream  side  of  the  bridge,  thus  insuring  its 
being  lowered  vertically  in  the  section.  This  practice  was  followed 
at  only  one  station,  at  Judson,  N.  C,  on  Little  Tennessee  River.  At 
all  other  stations  the  meter  was  swung  downstream  more  or  less  by 
the  current,  and  the  velocities  were  not  strictly  in  the  vertical  plane 
of  the  section;  the  slant  was  so  slight,  howaver,  as  not  to  be  of 
material  consequence. 

In  measuring,  the  meter  was  carefully  lowered  until  the  middle  of 
the  meter  wheel  was  just  on  the  water  surface.  It  was  then  lowered 
0.5  foot  and  run  for  fifty  seconds.  This  reading  having  been  recorded, 
it  was  lowered  0.5  foot,  placing  it  1  foot  below  the  surface.  The  meter 
was  run  here,  and  in  like  manner  downward  in  succession,  at  intervals 
of  an  amount  dependent  on  the  depth  and  on  the  time  at  the  disposal 
of  the  hydrographer,  the  last  reading  being  taken  with  the  meter  weight 
resting  on  the  stream  bottom.  The  meter  was  then  raised  until  the 
bottom  of  the  weight  just  touched  the  water  surface,  and  the  distance 
through  which  it  had  been  raised  was  carefully  measured.  This  was 
the  slant  depth,  and  was  recorded  in  such  a  manner  as  to  avoid  confu- 
sion with  the  vertical  sounding  previousl}^  made  to  develop  the  section. 
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ACOUBACY  OF  STREAM  MEASUREMENTS. 


[S0.96l 


The  field  notes  of  a  typical  curve  are  as  follows: 


[Guying  made  January  23, 1904,  by  B.  S.  Drane,  meter  No.  349,  on  Dan  River,  at  MadiacMi,  SUte  «4 
North  Carolina.    Oa^e  height:  beginning  2.10  feet,  ending  2.26  feet,  mean  2.18  feet.    River  lisBq:  ] 


Soundings. 

Observations. 

Total 
number 
of  revo- 
lutions. 

Revolu- 
tions per 
second. 

Velocity 

per 
second. 

Distance 

from 

initial 

point. 

Depth. 

Depth  of 
observa- 
tions. 

Time  in 
seconds. 

Per  cent , 
of  (slant); 
depth. 

460 

"3.0 

0.5 
1.0 
1.5 
2.0 
2.5 

60 
50 
60 
50 
50 

60 
58 
54 
47 
38 

1.20 

1.16 

1.08 

.94 

.76 

2.88 
2.78 
2.59 
2.27 
1.83 

17 
33 
fiO 
67 
83 

a  Equal  slant. 

In  computing  results,  the  first  step  was  to  express  the  depths  at 
which  velocities  were  observed,  as  decimal  parts  of  the  slant  depth. 
This  operation  was  very  quickly  performed  by  the  help  of  a  slide  rule, 
and  the  decimal  fractions  entered  in  the  field  notebook,  each  immedi- 
ately after  its  velocity.  This  is  indicated  as  having  been  done  in  the 
field  notes  above. 

The  observations  were  then  plotted  on  cross-section  paper,  record 
book  9-209  l^eing  very  convenient  for  the  purpose.  Depths  were 
plotted  as  ordinatcs  and  velocities  as  abscissas.  A  convenient  scale  i> 
4  inches  to  the  total  (slant)  depth,  this  being  considered  as  unity,  and 
1  inch  for  each  foot  per  second  of  velocity. 

A  smooth  curve  was  next  dniwn  through  the  points  thus  plotted, 
care  being  taken  to  give  them,  as  nearly  as  possible,  equal  weight,  if 
all  did  not  fall  on  a  smooth  curve.  The  abscissas  were  read  off  from 
the  drawing,  at  the  surface  at  each  tenth  of  the  distance  from  top 
to  bottom  and  at  the  bottom,  and  set  down  in  order.  Thus,  from  the 
above  curve  were  set  down: 


.  a— 2.90 

.1—2.90 
.2—2. 87 
.3—2. 81 
.4—2.  71 
.5—2. 58 


.6—2.40 
.7—2. 19 
.8—1. 93 
.9—1.64 
6—1.31 


The  mean  abscissa,  or  mean  velocity,  was  then  computed  from  thev* 
by  an  expanded  form  of  the  prismoidal  formula  for  eleven  abscissa^, 
as  follows: 

V„.=3V[4(V..+V.,+V..+V.,+V..)+2(V.,+V..+V..+V.,)-|-V,-VJ 
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Combining  the  above  abscistuus  according  to  this  formula,  gave — 


.1— •  2.90 

.2—  2.87 

.3—  2.  81 

.4—  2.  71 

.5—  2. 58 

.(>—  2.40 

.7—  2.19 

.8—  1.93 

.9—  1.64 

12.12 
4 

48.48 

19.82 

«—  2.90 

6—  1.31 

30  )  72. 51 

9.91 
2 


19.82 


2. 417=V„.. 


m* 


The  mean  velocity  for  this  curve  was  thus  2.417  feet  per  second,  a 
velocity  found  to  lie  on  the  curve  at  0.69  of  the  depth  from  the  surface; 
this  was  marked  on  the  curve  in  the  cross-section  book.  The  velocities 
V0.6D,  Vtop,  and  i  (VTop+VBottom)  were  read  off  from  the  curve,  and  the 

coefficients  v*~'  v  " '  *"^  v — ^'~  computed. 

V  o.«  D      V  Top  V  j^  (T+B) 

A  notebook  was  kept  for  these  computations  in  which  all  data  were 
preserved.  Above  each  set  of  curves  was  entered  the  river  and  station, 
the  date,  and  the  gage  height,  with  the  number  of  the  current-meter 
notebook  in  which  the  field  notes  were  to  be  found,  and  the  jmge  of 
the  cross-section  book  on  which  the  curves  were  drawn.  Similar  cross 
references  were  entered  in  the  original  field  noti?s  and  in  the  cross- 
section  book,  thus  making  it  easy  to  collect  quickly  all  the  information 
and  computation  of  any  particular  curve. 

In  the  following  tables  the  general  character  of  the  bottom  at  each 
point  of  observation  is  indicated,  as  follows:  M,  mud  or  soft  bottom; 
S,  hard  sand  bottom;  G,  gravel  bottom;  R,  smooth  rock  bottom;  B, 
rough  bottom  of  bowlders. 
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ACCURACY  OF  STREAM  MEASUREMENTS. 


[NO.  96. 


Vertic(d  relocUy  nieiusureuietUs  in  li/OS  on  rivers  in  Virginia^  North  Oan#/ww?,  South  Can- 

linuy  and  Tennessee. 

APPOMATTOX  R1VER,«  MATTOAX,  VA. 


_ 

« 

♦* 

c 

f^ 

a^ 

Date. 

• 

& 

a» 

0) 

jC 

Ci< 

■ 

4; 

e  ■ 

bo 
as 

9-j 

O 

ft 

G 

July  25 

1.50 

100 

3.3 

110 

3.3 

115 

3.2 

May  21 

2.33 

90 

2.5 

100 

4.1 

110 

4.5 

130 

4.1 

Aufr.  29 

4.62 

90 

4.9 

Mean. 

Velocity  ill  feet  perset'ond  by  fol- 
lowing methods: 


>■ 


-^1 
1^ 


V 


2.215 
2.295 
2. 214 
.920 
2.020 
2.150 
1.760 
2.238 


o 

o 


2.260 
2.190 
2.190 
.810 
2.070 
2.370 
1.760 
2.330 


a 


2.220 
2.290 
2.250 
.820 
2.070 
2.320 
1.760 
2.260 


a  . 

ll 


2.490 
2.040 
2.160 
.950 
1.980 
1.920 
1.380 
1.500 


o 

C 

O 


2.720 
2.390 
2.330 
690 
340 
610 
640 
590 


Coefficient  for  re- 
ducing to  mean 
velocity. 


i 


1.00 
1.00 

.  98 
1.12 

.96 

.93 
1.00 

.99 


1.00 


9-  - 

d     • 

3a 

0 

o 

»02 

•o 

ll 

it 
> 

11 

1 

0«a 

o 

0.89 

0.81 

1.12 

.96 

1.02 

.96 

.97 

.54 

1.02 

.86 

1.12 

.82 

1.27 

.67 

1.49 

.86 

1.11 

0.81 

Depth  of 

thread 

of  m^n 

velocity. 


I 

0 


2.01 
1.97 
2.06 
1.32 
2.58 
3.15 
2.46 
2.99 


f 

^^ 

"" 

61.0 

:J 

59.6 

S. 

64.5 

s. 

53.0 

s. 

6X.0 

R 

70.0 

8, 

60.0 

S- 

61.0 

s. 

61.5 

JAMES  RIVER,«»  CARTERSVILLE,  VA. 


May  22 

2. 42 

90 

4.4 

1.880 

1.840 

1.760 

2.130 

1.02 

1.07 

200 

3.0 

2.200 

2.220 

1.660 

2. 470 

1.00 

1.32 

3.50 

3.8 

2.270 

2.370 

2.300 

2.200 

2.580 

.99 

1.03 

500 

4.0 

1.960 

2.200 

1.930 

1.900 

2.370 

1.02 

1.03 

640 

3.8 

2.370 

2.356 

2.340 

2.580 

1.01 

1.01 

760 

4.0 

2.340 

2.300 

2.350 

2.240 

2.580 

1.00 

1.04 

Mean . 

1.01 

1.08 

0.88 
.89 
.88 
.83 
.92 
.91 


2.53 

57.6 

1.83 

61.0 

2.36 

62.0 

2.32 

58.0 

2,18 

57.5 

2.46 

61.5 

59.6 

S- 

s. 


ROANOKE  RIVER.^-  ROANOKE,  VA. 


July  20 

1.03 

95 

3.3 

0. 871 

0.810 

0.880 

0.800 

0.840 

0.99 

1.09 

0.93 

2.06 

62.0 

S. 

May   13 

1.40 

25 

2.4 

1.4H5 

1.530 

1.570 

1.660 

2.030 

.95 

.89 

.73 

1.49 

62.0 

S. 

40 

2.9 

1.730 

1.570 

1.730 

1.300 

2.030 

.89 

1.33 

-^ 

1.87 

64.5 

s. 

50 

2.9 

1.346 

1.500 

1.275 

1.560 

2.030 

1.06 

.86 

.66 

1.62 

56.0 

s. 

55 

1.8 

1.960 

1.820 

1.990 

2.020 

2.130 

.98 

.97 

.92 

1.16 

64.5 

s. 

60 

3.0 

1.500 

1.410 

1.460 

1.460 

2.000 

1.03 

1.03 

.75 

1.74 

58.0 

s. 

90 

2.5 

l.?20 

1.860 

1.760 

1.700 

1.830 

.98 

1.01 

.99 

1.60 

64.0 

R. 

95 

1.8 

1.310 

1.120 

1.270 

1.610 

1.930 

1.03 

.87 

.68 

1,01 

56.0 

R. 

Mean . 

.99 

1.01 

.81 

60.9 

STAUNTON  RIVER.rf  RANDOLPH,  VA. 


Aug.  28 


3.  tU 

200 

4.2 

2.39^1 

2.300 

2.460 

2.130 

2.330 

0.98 

1.12 

1.08 

2.67 

63.5 

2:i0 

2.8 

2. 72<} 

2.990 

2.800 

2.590 

3.050 

.97 

1.06 

.89 

1.76 

68.0 

260 

2.0 

2.810 

2.920 

2.840 

2.770 

3.090 

.99 

1.01 

.91 

1.22 

61.0 

330 

2.3 

i.:yio 

1.600 

1.300 

1.430 

1.800 

1.04 

.W 

.75 

1.25 

54.5 

3rt0 

3.7 

2.417 

2.630 

2.460 

2. -290 

2.520 

.98 

1.06 

.96 

2.29 

62.0 

390 

2.0 

2.920 

2.920 

2.980 

2.850 

2.850 

.98 

1.02 

1.02 

1.34 

67.0 

S- 

s. 

s. 
?. 

G. 
G. 

a  This  station  is  on  the  steel  deck  bridge  of  the  Southern  Railway.  27  miles  south  of  Richmond.  Va.. 
At  Mtittofix  station.  The  right  bank  is  high  and  steep,  but  the  left  bank  is  low,  and  overflowed  by 
floods.  The  bottom  is  firm,  of  sand  and  gravel.  The  current  is  steady  at  low  water  and  ordiMir 
stages,  but  very  irregular  in  flood  stages. 

6The  station  here  is  on  the  wooden  wagon  bridge  between  Cartersville  post-office  and  Pemberton 
st^ition,  on  the  James  River  branch  of  the  Chesapeake  and  Ohio  Railroad.  There  are  6  spans,  with 
a  total  width  of  790  feet  at  low  water.  The  bottom  is  remarkably  uniform,  of  sand,  gravel,  and  small 
rocks,  and  the  current  very  regular. 

<7The  old  station,  where  these  curves  were  made,  is  at  the  Walnut  Street  Bridge,  on  the  edge  of  the 
city  of  Roanoke.    Thet>ottomi8of  rockandsand,  very  uneven,  and  the  current  irregular  and  shifting 

dThis  station  is  on  the  steel  bridge  of  the  Richmond  and  Danville  brancl)  of  the  Southern  RailwHy. 
near  Randolph,  Va.  At  ordinary  stages  the  stream  flows  under  two  spans.  Floods  spread  out  under 
all  four  spans  and  overflow  the  left  bank:  there  are  two  flood  channels  through  the  long  embank- 
ment on  which  the  tmck  approaches  the  bridge,  on  left  bank.  Thebottom  Is  soft,  of  silt  ard  fine 
sand  along  left  bank;  but  becomes  firmer  toward  right  bank,  of  sand  and  gravel.  Thecuirentis 
steady  and  of  fairly  good  velocity  at  all  stages. 
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Vertical  velocity  measurements  in  190S  on  rivers  in  Virginia^  etc. — Continued. 
STAUNTON  RIVER,  RANDOLPH,  V A.— Continued. 


Oct.     1 


July  18 


June  18 


DAN  RIVER,a  MADISON,  N.  C. 


0.86 


1,14 


2.05 


I>ec.  21  2.05 


May  14 


Mean, 


2.07 


510 
520 
560 
455 
460 
500 
560 
450 
455 
460 
465 
470 
475 
480 
485 
490 
495 
500 
505 
510 
515 
520 
545 
550 
555 
560 
565 
570 
575 
580 
585 
515 
555 
565 
575 
4.')0 
460 
470 
490 
510 
550 
570 


1.9 
8.8 
1.7 
2.7 
2.7 
8.0 
2.3 
2.5 
2.7 
3.2 
3.5 
3.4 
3.5 
3.1 
2.8 
3.1 
3.3 
3.3 
3.1 
3.2 
8.2 
3.7 
2.8 
2.5 
1.8 
1.4 
1.7 
1.6 
1.8 
1.3 
1.4 
8.2 
3.0 
2.6 
2.6 
2.4 
3.1 
3.1 
2.7 
3.7 
8.0 
2.4 


0.734 
1.688 
1.777 
2.791 
2.641 
2.133 
2.312 
2.308 
2.680 
2.741 
2.948 
2.987 
2.996 
2.881 
2.645 
2.664 
2.642 
2.592 
2.,'>28 
2.556 
2.410 
1.720 
1.480 
2, 019 
2.100 
2.086 


0.783 
1.570 
1.830 


2.790 
2.130 


806 
983 
490 
290 
600 
859 
2.314 
2.511 
2.479 
2.180 
2.540 
2.800 
2.750 
2.800 
2.600 
2.466 


0.730 
1.620 
1.730 
2.880 
2.690 
2.120 
2.540 
2.450 
3.000 
2.810 
8.060 
3.010 
3.000 
2.970 
2.680 
2.680 
2.650 
2.570 
2.660 
2.680 
2.440 
1.570 
1.420 
2.000 
2.100 
2.120 
1.840 
1.960 
1.450 
1.390 
1.750 
1.700 
2. 420 
2.500 
2.510 
2.180 
2.620 
2.830 
2.780 
2.830 
2.610 
2.470 


0.751 
1.640 
1.7«) 
2.670 
2.400 
2.100 
1.510 
2.240 
2.770 
2.630 
2.800 
2.890 
2.900 
2.800 
2.630 
2. 610 
2.620 
2.560 
2.470 
2.400 
2.440 
2.210 
1.820 
2.070 
2.190 
2.180 
1.900 
2.020 
1.570 
1.540 
1.590 
2.000 
2. 140 
2.610 
2.430 
2.140 
2.430 
2.830 
2.680 
2.670 
2.630 
2.460 


3. 
3. 


0.880 
1.880 
2.220 
2.820 
2.790 
2.430 
2.660 
2.940 
3.180 
3.130 
080 
300 
3.470 
3.320 
3.080 
3.080 
2.990 
2.940 
2.990 
3.130 
3.080 
2.560 
2.180 
2.370 
2.870 
2.280 
2.130 
2.230 
2.040 
1.570 
1.470 
2.590 
2,710 
2.810 
2.780 
2.610 
2.900 
3.090 
3.020 
2.880 
2.950 
2.730 


I 


1.00 

1.01 

1.01 

.97 

.98 

1.01 

.91 

.94 

.89 

.98 

.97 

.99 

1.00 

.97 

.  99 

.  99 

1.00 

1.01 

.95 

.95 

1.00 

1.10 

1.04 

1.01 

1.00 

.98 

.98 

.99 

1.03 

.93 

.91 

1.09 

.96 

1.02 

99 

00 

.97 

.  99 

.99 

.  99 

.99 

1.00 


1 


.  99 


0.98 

1.00 

1.00 

1.05 

1.10 

1.02 

1.58 

1.03 

.97 

1.04 

1.05 

1.03 

1.03 

1.08 

1.01 

1.02 

1.01 

1.01 

1.02 

1.06 

1.00 

.78 

.81 

.98 

.96 

.97 

.95 

.96 

.95 

.84 

1.01 

.93 

1.08 

.97 

1.02 

1.02 

1.05 

.99 

1.03 

1.05 

.99 

1.00 

1.01 


0.83 
.87 
.80 
.99 
.95 
.88 
.87 
.79 
.84 
.88 
.96 
.91 
.86 
.87 
.86 
.86 
.88 
.88 
.85 
.82 
.81 
.67 
.68 
.85 
.89 
.91 
.85 
.87 
.73 
.82 

1.09 
.72 
.85 
.90 
.89 
.84 
.88 
.91 
.91 
.97 
.88 
.83 

.80 


1.14 
2.20 

1.71 
1.67 
1.77 
1.53 
1.60 
1.86 
2.08 
2.33 
2.07 
2.10 
1.97 
1.71 
1.89 
2.00 
1.95 
2.06 
2.08 
1.92 
1.96 
1.62 
1.47 
1.06 

.98 
1.05 

.98 
l.a5 

.86 

.98 
1.68 
1.90 
1.38 
1.61 
1.44 
2.00 
1.92 
1.69 
2.36 
1.86 
1.44 


60.0 
58.0 
58.0 
63.5 
62.0 
59.0 
66.5 
64.0 
69.0 
65.0 
66.5 
61.0 
60.0 
63.5 
61.0 
61.0 
60.5 
59.0 
66.0 
65.0 
60.0 
53.0 
58.0 
59.0 
60.0 
64.0 
61.5 
61.5 
58.5 
66.5 
70.0 
52.5 
63.5 
53.0 
02.0 
60.0 
04.4 
62.0 
62.5 
63.7 
62.0 
60.0 


61.6 


-3 

Velocity  in  feet  per 

second  by  fol- 

Coefficient  for  re- 
ducing to  mean 
velocity. 

Depth  of 
thread 

.nee    from    In 
point. 

lowing  methodH: 

•  of  mean 
velocity. 

baracter  of  bottom 

Date. 

• 

leal    ve- 
cities. 

rved  0.6 
epth. 

'ptb  from 
urve. 

• 

t 
i: 

pth  from 
urve. 

rved  top 
bottom. 

f 
1 

In  feet. 

0 

5t  4» 

1 

1 

I- 

its 

1^ 

^1 

1 

to 

H 

1 

a 

O 

Q 
200 

Q 

> 

O 
2.390 

d 

2.260 

0 

• 

0 
.99 

1.11 

0 
1.07 

0 

Aug.    8 

4.60 

4.8 

2.504 

2.540 

2.830 

3.10 

64.5 

S. 

220 

4.3 

2.849 

2.990 

2.870 

2.660 

2.920 

.99 

1.07 

.98 

2.64 

61.5 

S. 

240 

3.7 

3.111 

3.120 

3.210 

2.780 

3.320 

.97 

1.14 

,94 

2.48 

67.0 

S. 

310 

4.7 

2.802 

8.880 

2.920 

2.260 

2.990 

.96 

1.25 

.94 

8.08 

65.5 

s. 

870 

3.5 

1.952 

1.780 

2.060 

1.700 

1.930 

.95 

1.15 

1.01 

2.81 

66.0 

G. 

390 

3.8 

2.778     3.290 

2.900 

1.870 

2.990 

.96 

1.49 

.93 

2.47 

65.0 

G. 

420 

4.4 

2.103  1  2.560 

2.250 

1.930 

1.930 

.98 

1.16 

1.09 

8.43 

78.0 

G. 

June  24 

5.28 

200 

6.2 

2.290     2.660 

2.370 

2.210 

2.520 

.97 

1.04 

.91 

3.38 

65.0 

8. 

220 

5.2 

2.758 

2.660 

2.810 

2.510 

2.890 

.98 

1. 10 

.95 

3.35 

64.5 

8. 

240 

4.5 

2.725 

3.820 

2.920 

2.350 

3.320 

.98 

1.16 

.82 

2.99 

66.5 

S. 

260 

4.1 

2. 900     3. 110 

3. 110 

2.610 

8.370 

.93 

1.11 

.86 

2.75 

67.0 

.  8. 

340 

6.0 

2.822  1  3.230 

3.070 

2.270 

2.890 

.92 

1.-24 

.98 

4.44 

74.0 

S. 

380 

5.0 

2.750 

2.990 

2.970 

2.410 

2.680 

.93 

1.14 

1.03 

8.55 

71.0 

G. 

400 

6.0 

2.692 

2.990 

2.860 

2.460 

3.110 

.94 

1.09 

.87 

4.05 

67.5 

G. 

Mean. 

■ 

.96 

1.12 

.95 

65.7 

1 

1 

M. 
M. 
M. 

G. 

G. 

M. 

M. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

S. 

M. 

M. 

M. 

M. 

M. 

M. 

M. 

M. 

M. 

M. 

M. 

M. 

M. 

M. 

S. 

M. 

M. 

M. 

G. 

G. 

G. 

G. 

S. 

M. 

M. 


nThia  station  is  on  the  covered  wooden  bridge  of  the  Southern  Railway,  about  one-half  mile  from 
Madimn.  At  all  ordinary  Btages  the  river  ^owh  under  only  two  spans.  The  banks  are  of  loose  sand, 
and  the  bottom  to  right  of  central  pier  is  of  coarne,  loose  sand.nubject  to  change.  Under  the  span  to 
the  left  of  central  pier  the  bottom  is  hard  sand,  except  for  a  short  section  close  to  the  pier.  The  cur- 
rent is  uniform  and  fairly  swift. 
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ACCURACY    OF   STREAM   MEASUREMENTS. 
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Vertical  velocUy  nieasuremenlis  in  190.3  on  rivers  in  Virginia^  etc. — ContiiiuedL 

DAN  RFVER.u  SOUTH  BOSTON,  VA. 


■•-» 

Velocity  in  feet  per  second  by  fol- 

Coefficient  for  re- 
ducing to  m<>4in 
velocity. 

Depth  of 
thread 

^. 

bo 

nee    from    in 
point. 

^ 

lowing  methods: 

of  mean 
velocity. 

5 

Date. 

ertlcal    ve- 
locities. 

rved  0.6 
epth. 

pth  from 
urve. 

rved  top 
bottom. 

pth  from 
urve. 

rved  toi» 
bottom. 

> 

T  cent  of 
cpth. 

0 

1. 

9 

5 

r 

H 

1 

^1 

1 

if 

u 

O 
1.40 

Q 

Q 
5.6 

> 

o 

• 

o 

o^ 

o 

• 

© 

o« 

O 

^ 

Ij 

Aug.  27 

160 

1.508 

1.570 

1.600 

1.390 

1.670 

0.94 

1.08 

0.90 

3.75 

67.0 

S. 

180 

5.5 

1.953 

1.930 

1.940 

1.880 

2.260 

1.01 

1.04 

.86 

3.25 

59.0 

JJ. 

280 

4.7 

1.968 

1.910 

1.970 

1.900 

2.130 

1.00 

l.(M 

.92 

2.87     61.0 

s. 

323 

3.5 

.952 

.960 

.910 

1.010 

.99 

1.05 

.94 

2.17     fi2.0 

S- 

Aug.     8 

2.62 

275 

6.1 

2.399 

2.440 

2.170 

2.520 

.96 

1.11 

.95 

3.81    1  62.5 

S- 

300 

5.7 

2.021 

2.330 

2.060 

1.900 

2.330 

.98 

1.06 

.87 

3.59      63.0 

s. 

S20 

5.3 

1.883 

1.800 

1.970 

1.640 

1.800 

.96 

1.15 

1.05 

3.76      71.0 

s. 

June  23 

3.71 

130 

9.0 

.900 

.660 

.900 

.780 

1.140 

1.00 

1.15 

.79 

5.40  ,  60.0 

M. 

150 

8.8 

2.065 

2.250 

2.260 

1.850 

2.280 

.91 

1.12 

.91 

5.85 

69. 0 

R. 

180 

7.9 

2.295 

2.420 

2.360 

2.070 

2.660 

.97 

1.11 

.86 

5.02 

63.5 

S. 

260 

8.1 

2.413 

2.710 

2.500 

2.070 

2.850 

.97 

1.11 

.85 

6.31     65..^ 

s. 

300 

6.7 

2.215 

2.280 

2.250 

2.040 

2.610 

.98 

1.09 

.85 

4. 19     62. 5 

s 



330 

5.1 

1.510 

1.640 

1.520 

1.380 

1.590 

.99 

1.09 

.95 

3.09 

60.5 

s. 

Mean . 

j 

•  y^ 

1.09 

.90 

63-6 

1 

REDDIE  RlVKR.fe  NORTH  WILKESBORO,  N.  C. 


July  17 

C24.67 

45 
55 
70 

1.7 
2.1 
2.5 

1.620 
2.010 
1.640 

1.600 
"i.536" 

1.570 
2.000 
1.610 

1.730 
2.040 
1.670 

2.060 
2.300 
2.000 

1.08 
1.00 
1.02 

0.94 
.99 

.98 

0.79 

.87 
.82 

0.96 
1.24 
1.4-1 

iifi  5 
57.5 
.57.7 

9. 

S. 

Mean . 

1.02 

.97 

.83 

YADKIN  RIVER.d  NORTH  WILKESBORO,  N.  C. 


Oct.   3 


Nov.  6 
July  16 


June  17 


0.38 


0.71 
1.15 


1.46 


80 

90 

110 

120 

130 

140 

80 

100 

130 

70 

80 

90 

100 

110 

120 

130 

70 

75 

85 

95 

105 

115 

125 

la^s 
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3.5 
4.1 
3.4 
3.0 
2.7 
3.0 
3.8 
5.2 
8.2 
4.2 
4.5 
5.3 
5.4 
5.3 
4.3 
3.3 
4.3 
4.4 
5.5 
6.0 
6.3 
6.3 
4.5 
3.8 
4.2 


1.203 

1.160 

1.372 

1.350 

2.092 

2.070 

2.242 

2.640 

2.648 

2.190 

2.583 

2.740 

2.397 

2.570 

2.556 

2.760 

2.063 

2.220 

1.514 

1.860 

2.390 

2.540 

2.680 

2.967 

8.050 

2.800 

3.050 

2.960 

2.920 

2.530 

3.050 

1.787 

2.845 

2. 821 

2.909 

2.927 

3. 162 

3.320 

3. 120 

3.230 

2.876 

2.760 

2.737 

3.130 

1.200 
1,870 
2.070 
2.250 
2.690 
2.560 
2.550 
2.700 
2.100 
1.500 
2.400 
2.850 
8.050 
8.040 
2.990 
2.780 
1.710 
8.050 
3.050 
3.040 
8.050 
3.310 
3.240 
2.810 
3.070 


1.210 
1.330 
1.960 
2.120 
2.280 
2.460 
2.220 
2.870 
1.930 
1.160 
2.250 
2.320 
2.860 
2.070 
2.760 
2.830 
1.810 
2.590 
2.450 
2.630 
2,300 
2.880 
8.250 
2.940 
2.260 


1.810 
1.550 
2.860 
2.640 
2.190 
3.880 
2.310 
2.460 


2. 
1. 
3. 
2. 


8. 
2. 


070 
970 
820 
790 
3.050 
2.990 
180 
920 
2.420 
3.180 
8.080 
3.180 
2.760 
2.990 
3.230 
8.270 
8.370 


1.00 

1.00 

1.01 

1.00 

.98 

1.01 

.97 

.95 

.  ifo 

1.01 

1.00 

.94 

.97 

.92 

.99 

.90 

1.04 

.93 

.92 

.96 

.93 

.96 

.96 

1.02 

.89 


0.99 
1.03 
1.07 
1.06 
1.16 
1.05 
1.08 
1.08 
1.07 
1.31 
1.06 
1.16 
1.04 
1.35 
1.07 
1.09 
.99 
1.10 
1.15 
1.11 
1.27 
1.10 
.96 
.98 
1.21 


0.92 

.89 

.89 

.85 

1.21 

.90 

LW 

1.01 

l.(X) 

.  it 

,72 

.96 

.97 

.94 

.93 

.87 

.74 

.89 

.92 

.91 


06 
06 
97 

88 
81 


2.10 
2.46 
2.01 
1.82 
1.70 
1.77 
2.77 
3.85 
2.02 
2.48 
2.72 
3..^=> 
4.(^ 
3.60 
2.62 
2.21 
2.45 
3.01 
4.18 
4.50 
4.91 
4.95 
3.87 
'2.00 
2.90 


60.0 
60.0 
69.0 
60.5 
63.0 
59.0 
73.0 
74.0 
63.0 
59.0 
60.5 
67.0 
75.0 
68.0 
61.0 
67.0 
57.0 
68.5 
76.0 
76.0 
7.S.0 
78.5 
75.0 
6-2.5 
69.0 


M. 
M. 
H. 

S. 

s. 

s. 

M. 
M. 
S. 
.M. 
M. 
M. 
M. 
S. 
S- 

s. 

M. 
M. 
M. 
M. 

S. 

& 

s. 
s, 
s. 


a  This  station  is  on  the  steel  bridge  of  the  Norfolk  and  Western  Railway.  At  ordinary  stages  there  w 
only  one  obstruction  in  the  section— the  tubular  steel  central  pier.  Floods  do  not  spread  far  on  leii 
bank,  but  overflow  a  wide  flood  plain  on  right  bank.  A  portion  of  a  dam  washed  down  from  above, 
stranded  near  left  bank  about  200  feet  above  the  bridge,  makes  the  current  uneven  for  about  50  fett 
from  left  bank.  The  bottom  in  lee  of  this  obstruction  is  of  soft  mud.  Elsewhere  it  is  hard,  clayey 
sand. 

bThere  is  no  regular  station  on  this  stream,  which  is  a  tributary  of  Yadkin  River.  The  bottom  is 
smooth  and  hard,  of  sand. 

c  Below  bench  mark. 

dThis  station  is  on  the  lower  wagon  bridge,  crossing  the  river  about  1  mile  from  Wilkesboro  rAii- 
road  station.  At  ordinary  stages  there  is  no  obstruction  in  the  section,  but  floods  overflow  the  npht 
bank  around  a  stone  pier  and  trestle  beats.  The  current  makes  a  slight  angle  with  the  bridge,  am 
there  is  a  pulsation  in  it.  The  bottom  is  somewhat  shifting,  of  coarse  band,  with  some  bowlders  cloee 
to  left  bank. 


[URPHY.] 


MEASUREMENTS    OF   SOUTHERN    RIVERS. 
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VertictU  velocUif  menawreinenU  in  190S  on,  rivers  in  Vir<^inUi,  etc. — Contiuaed. 
YADKIN  RIVER,  NORTH  WILKESBORO,  N.  C— Continued. 


m    initial 
t. 

Velocity  In  feet  per  second  by  fol- 
lowing methods: 

Coefficient  for  re- 
ducing to  mean 
velocity. 

Depth  of 

thread 

of  mean 

velocity. 

1 

^ 

. 

, 

Date. 

■ 

9 

istance    fro 
poln 

• 

ertical    ve- 
locities. 

bserved  0.6 
depth. 

6depth  from 
curve. 

• 

1 

6  depth  from 
curve. 

bserved  top 
nd  bottom. 

I 

1 

ft 

In  per  cent  of 
depth.  . 

o 

o 

Q 

> 
2.150 

O 

d 

1.870 

o 

• 

o 
1.05 

1.15 

O 

o 

June  U 

1.56 

70 

4.4 

2.060 

2.980 

0.73 

2.46 

56.0 

M. 

80 

6.2 

3.026 

3.820 

3.160 

2.780 

3.230 

.96 

1.09 

.94 

3.69 

71.0 

M. 

90 

6.0 

2.767 

8.040 

2.190 

3.320 

.91 

1.26 

.83 

4.41 

73.5 

M. 

100 

6.4 

8.070 

8.380 

2.680 

3.270 

.92 

1.15 

.94 

4.58 

71.5 

M. 

110 

5.9 

3.026 

3.350 

2.800 

8.490 

.90 

1.32       .87 

4.19 

71.0 

S. 

120 

6.8 

2.648 

2.700 

2.570 

3.180 

.98     1.03       .83 

3.62 

62.5 

s. 

lao 

4.5 

2.335 

2.580 

1.900 

2.850 

.90  ;  1.23 

.82 

3.06 

68.0 

8. 

140 

4.3 

2.990 

3.080 

2, 870 

3.270 

.97 

l.M 

.91 

2.75 

64.0 

S. 

Mean. 

. 

.96 

1.12 

.91 

66.5 

YADKIN  RIVER,a  SALISBURY,  N.  C. 


CATAWBA  RIVER,fr  MOROANTON,  N.  C. 


Dec.  17 

1.80 

120 

4.0 

0.780 

0.690 

0.760 

0.720 

1.020 

1.08 

1.08 

0.76 

2.82 

58.0 

S. 

140 

3.7 

.958 

.950 

.900 

.960 

1.090 

l.Ol 

1.00 

.88 

2.18 

59.0 

S. 

160 

6.1 

1.063 

1.190 

1.060 

1.020 

1.850 

1.01 

1.0^1 

.79 

3.66 

60.0 

s. 

June  20 

2.57 

80 

3.1 

1.970 

2.000 

2.090 

1.920 

2.180 

.94 

1.03 

.90 

2.05 

66.0 

8. 

110 

3.2 

1.700 

1.230 

1.630 

1.700 

2.280 

l.W 

1.00 

.75 

1.78 

57.5 

S. 

200 

8.1 

2.540 

2.800 

2.610 

2.470 

2.760 

.97 

1.03 

.92 

2.02 

65.0 

S. 

260 

4.8 

1.990 

1.850 

1.880 

1.870 

2.800 

1.09 

1.06 

.69 

2.37 

55.0 

s. 

860 

5.4 

2. 950 

2.850 

2.970 

2.370 

8.320 

.99 

1.24 

.89 

3.32 

61.5 

s. 

880 

11.8 

3.280 

4.180 

2.980 

8.040 

4.650 

1.08 

1.06 

.69 

6.10 

54.0 

8. 



420 

3.9 

2.980 

3.130 

2.880 

2.900 

3.660 

1.03 

1.08 

.81 
.81 

2.16 

55.5 
59.2 

S. 

Mean . 

1.02 

1.06 

Oct.    28 

1.16 

50 

1.9 

1.072 

1.040 

1.050 

1.150 

1.810 

1.02 

0.92 

0.82 

1.10 

58.0 

8. 

70 

8.0 

1.029 

.980 

.970 

1.100 

1.470 

1.06 

.91 

.70 

1.68 

56.0 

8. 

. 

90 

8.5 

1.367 

1.260 

1.830 

1.800 

1.690 

1.08 

1.05 

.81 

2.03 

68.0 

8. 

- 

110 

3.2 

1.420 

1.300 

1.390 

1.830 

1.740 

1.02 

1.07 

.82 

1.86 

58.0 

8. 

130 

2.8 

1.636 

1.720 

1.600 

1.600 

1.980 

1.02 

1.02 

.88 

1.61 

57.5 

G. 

150 

8.5 

1.190 

1.180 

1.180 

1.160 

1.450 

1.01 

1.08 

.82 

2.08 

59.5 

G. 

170 

8.5 

.825 

.830 

.825 

.800 

.970 

1.00 

1.08 

.85 

2.10 

60.0 

G. 

Dec.  11 

1.20 

50 

1.8 

.851 

.690 

.810 

.910 

1.190 

1.05 

.94 

.72 

1.03 

67.5 

R. 

60 

2.8 

.858 

.990 

.900 

.880 

1.070 

.95 

1.08 

.80 

1.85 

66.0 

R. 

70 

8.0 

1.002 

.870 

1.040 

.960 

1.310 

.96 

1.02 

.76 

1.89 

63.0 

R. 

80 

3.3 

1.105 

1.190 

1.100 

1.100 

1.450 

1.00 

1.00 

.76 

1.98 

60.0 

R. 

90 

8.3 

1.293 

1.280 

1.290 

1.220 

1.690 

1.00 

1.06 

.77 

1.98 

60.0 

R. 

100 

8.2 

1.351 

1.480 

1.830 

1.860 

1.790 

1.02 

.99 

.75 

1.86 

58.0 

8. 

110 

3.2 

1.370 

1.160 

1.310 

1.870 

1.930 

1.06 

1.00 

.71 

1.79 

56.0 

8. 

120 

8.0 

1.685 

1.620 

1.730 

1.600 

1.980 

.97 

1.05 

.85 

1.89 

68.0 

8. 

130 

8.3 

1.651 

1.690 

1.680 

1.670 

1.930 

.98 

1.05 

.86 

2.06 

62.6 

8. 

140 

8.2 

1.489 

1.850 

1.480 

1.450 

1.880 

1.04 

1.03 

.81 

1.74 

54.5 

8. 

140 

8.2 

1.394 

1.470 

1.400 

1.360 

1.640 

1.00 

1.02 

.85 

1.92 

60.0 

8. 

150 

3.1 

1.193 

1.140 

1.190 

1.190 

1.860 

1.00 

1.00 

.88 

1.86 

60.0 

8. 

160 

8.4 

.786 

.830 

.880 

1.740 

1.020 

.95 

1.06 

.77 

2.23 

65.6 

8. 

160 

8.5 

.799 

.870 

.820 

.770 

1.070 

.97 

1.04 

.75 

2.17 

62.0 

8. 

170 

3.6 

.742 

.790 

.770 

.740 

.920 

.96 

1.00 

.81 

2.27 

63.0 

8. 

180 

8.1 

.799 

.740 

.760 

.740 

.880 

.  "o 

1.08 

.96 

1.92 

62.0 

s. 

a  All  of  the  following  curves  were  made  at  the  Piedmont  Fall  Bridge,  several  hundred  yards  above 
the  railroad  bridge,  where  the  gage  is  placed,  about  6  miles  from  Salisbury,  N.  C.  The  railroad 
bridge  is  preferable  for'gagings  in  time  oi  highest  floods,  which  cut  around  the  end  of  the  tall  bridge 
on  left  bank,  but  the  bottom  ia  rocky  and  rough,  and  the  current  is  whirled  in  all  directions  bv 
ra^ed  rock  ledges  just  above.  For  this  reason  the  toll  bridge  Is  to  be  preferred  for  gaging  all 
orainary  stages.  At  the  toll  bridge  the  current  is  regular  at  all  stages.  The  bottom  is  sand,  except 
under  first  span  from  left  bank,  where  it  is  rock. 

#>Thi8  station  is  on  the  Lenoir  wagon  bridge,  1  mile  from  Morganton,  a  one-span  steel  bridge, 
-with  wood  trestle  approach  on  right  bank.  The  left  bank  is  a  high  rock  cliff;  the  right  bank  is  sand, 
sloping  gradually  up  above  flo^xl  height.  Along  the  left  bank  the  bottom  is  rock  for  a  short  distance. 
then  of  coarse  sand  and  gravel,  which  changes  very  little.  The  current  is  very  even  and  well 
distributed  across. 
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Vertical  velocity  measurements  in  1903  on  rivers  in  VtrgndOf  etc. — Continued. 
CATAWBA  RIVER,  MdRQANTON,  N.  C— ConUnoed. 


3 

Velocity  in  feet  per  second  by  fol- 

Ck>eflleient  for  re- 
ducing to  mean 
velocity. 

Depth  of 
thread 

height. 

ince    from    inj 
point. 

m 

lowing  methods: 

of  m^n 
velocity. 

Date. 

ertical    ve- 
locities. 

rved  0.6 
epth. 

jpth  from 
urve. 

rved  top 
bottom. 

• 

a 
5 

t 

;pth  from 
urve. 

rved  top 
bottom. 

rved  top. 

• 

9 

5 

c  -: 

V 

i 

•r^ 

§■ 

r 

•6« 

^1 

1 

•6« 

H 

1 

4s 

a 

£.•= 

b 

O 

Q 

a 

> 

o 

• 

o 

O* 

o 

O 

c* 

o 

M4 

- 

Aug.  21 

1.76 

70 

3.8 

1.716 

1.440 

1.740 

1.460 

2.460 

0.99 

1.18 

0.70 

2.34 

61.5 

R- 

120 

4.3 

2.432 

2.390 

2.440 

2.280 

2.520 

1.00 

1.09 

.93 

2.64 

61.5 

ji 

170 

3.5 

1.874 

2.160 

1.900 

1.780 

2.060 

.99 

l.O) 

.91 

2  17 

62,0 

^_ 

June  25 

1.96 

70 

4.0 

1.861 

1.950 

1.870 

1.540 

2.080 

1.00 

1.21 

.89 

2.42 

GO..S 

SL 

80 

3.9 

2.233 

1.930 

2.220 

2.160 

2.800 

1.01 

1.03 

.80 

2.32 

&9..> 

R. 

100 

4.2 

2.845 

2.960 

2.860 

2.830 

3  130 

.99 

1.01 

.91 

2.62 

62..^ 

•«_ 

136 

5.0 

2.120 

2.400 

2.160 

L830 

2.610 

.98 

1.16 

.81 

3.10 

Gl.\} 

<i 

160 

4.0 

2.018 

1.950 

2.070 

1.900 

2.230 

.99 

1.08 

.92 

2.50 

62,5 

^ 

180 

3.5 

1.861 

1.830 

1.940 

1.730 

2.040 

.96 

1.08 

.91 

2.31 

66.0 

«^ 

May    5 

2.00 

50 

3.0 

2.043 

2.410 

2.000 

2.000 

2.510 

1.02 

1.02 

.81 

1.72 

57. 5 

K. 

60 

3.8 

2.223 

2.470 

2.310 

1.860 

2.440 

.96 

1.20 

.91 

2,41 

63.5 

IL 

70 

5.0 

1.636 

1.960 

1.520 

1.690 

2.370 

1.08 

.97 

.69 

•2.70 

54.0 

R 

80 

3.7 

2.465 

1.830 

2.430 

2.440 

3.120 

1.00 

1.01 

.79 

2.20 

5d..^ 

R 

90 

3.9 

2.605 

2.580 

2.620 

2.820 

8.050 

.99 

.92 

.85 

2.36 

60.5 

R 

125 

5.0 

2.623 

2.710 

2.760 

2.440 

2.980 

.95 

1.08 

.88 

3.45 

69. 0 

^ 

150 

5.0 

2.601 

2.780 

2.620 

2.490 

2.810 

.99 

1.04 

.93 

3.02 

60,5 

1          ^ 
1         "^^ 

Mean. 

1.00 

1.04 

.82 

60.6 

1 

CATAWBA  RIVER,  MOUNT  HOLLY,  N.  C.  (MISCELLANEOUS);  BOTTOM  MITDDY;   CrRRENT 

SLUGGISH. 


Nov.  13 

(«) 

80 
180 

6.3 
7.0 

0.494 
.743 

0.450 
.720 

0.470     0.480 
.770       .660 

0.610 
.780 

1.06 
.96 

1.03 
1.13 

0.81 
.95 

3.54 
A.4S 

53-0       M 
^.0       M 

Mean. 

1 

1.00 

1.08 

.88 

58.5 

1 

CATAWBA  RIVER,  BELMONT,  N.  C.  (MISCELLANEOUS);  BOTTOM  HARD  SAND. 


59.0 


Dec.    3 

(«) 

110 

3.5 

L638 

L620 

1.520 

1.460 

1.980 

1.01 

1.06 

0.80 

2.06 

Mean. 

1.01 

1.06 

.80 

59.0 


WATEREE  (CATAWBA)  RIVER,b  CAMDEN,  S.C.    ON  TOLL  BRIDGE.  3  MILES  FROM  CAMDE^ 


May  26 
June  23 

8.35 
10.80 

180 
280 
180 
280 

12.3 
14.2 
16.4 
17.7 

1.430 
1.380 
L780 
1.835 

1.380 
L370 
1.830 
1.830 

1.440 
1.270 
1.770 
1.850 

1.340 
1.090 
1.590 
1.670 

1.620 
1.500 
1.970 
L980 

1.00 

1.04 

1.01 

.99 

1.07 
1.22 
1.12 
1.10 

0.88 
.89 
.90 
.96 

7.38 

7.53 

9.51 

11.06 

Mean. 

1.01 

1.13 

.90 

6ao 

53.0 
58.0 
€2.5 


58.4 


BROAD  RIVER.c  ALSTON,  S.  C. 


June  24 

6.30 

70 
200 
350 
480 

6.1 
6.2 
8.9 
5.0 

2.786 
4.000 
8.479 
3.929 

2.850 

2.830 
4.210 
3.630 
4.190 

2.680 
2.920 
2.670 
3.440 

2.990 
4.500 
4.310 
4.240 

0.98 
.96 
.96 
.94 

1.06 
1.87 
1.30 
1.14 

0.93 
.89 
.81 
.98 

.89 

3.87 
4.15 
5.61 
8.40 

67.0 
63.0 

68. 0 

c 

Mean . 

1 

.96 

1.22 

<a  A 

1 

1 

n  No  gage. 

b  The  section  is  deep,  with  mud  bottom,  and  the  current  very  sluggish. 
cThis  Btation  is  on  the  bridge  of  the  Southern  Railway,  at  Alston,  8.  C. 
l;>ottom  of  fine  sand,  occasionally  muddy,  and  subject  to  slight  chan^^e. 


The  current  is  steadT. 
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Vertical  vdocUy  measurements  in  1903  on  rivers  in  Virginia^  etc. — Continued. 

SALUDA  RIVER.a  WATERLOO,  8.  C. 


o 
7.15 

Distance    from    initial 
point. 

• 

Velocity  in  feet  per  second  by  fol- 
lowing methods: 

CoefHcien  t  for  re- 
ducing to  mean 
velocity. 

Depth    of 

thread 

of  mean 

velocity. 

Character  of  bottom. 

Date. 

Vertical    ve- 
locities. 

Observed  0.6 
depth. 

0.6  depth  from 
curve. 

Observed  top 
and  bottom. 

Observed  top. 

0.6  depth  from 
curve. 

Observed  top 
and  bottom. 

• 

2 

t 
t 

1 
o 

0.86 
.89 
.70 

.82 

In  per  cent  of 
depth. 

Jane  25 

640 
670 
750 

8.5 
7.1 
3.0 

2.007 
2.242 
1.761 

2.040 
2.260 
1.860 

1.770 
2.190 
1.830 

2.380 
2.510 
2.510 

0.98 
.99 
.95 

.97 

1.13 

1.02 

.95 

5.31 
4.33 
1.89 

62.5       8. 
61.0       S. 
63.0       S. 

Mean . 

1.03 

62.2 

WATAUGA  RIVER,«»  EUZABETHTON,  TENN. 


Sept. 

5 

1.25 

66 

Nov. 

26 

1.26 

30 
40 
66 

Julv 

3 

L61 

40 

Mean. 


45 

65 

165 

196 

210 


4.1 
3.2 
8.3 
5.3 
8.7 
3.5 
4.3 
8.0 
3.0 
2.6 


1.012 
.344 
.422 
.461 
.266 
.439 
.401 
.692 
.702 
.643 


0.384 
.480 
.465 


1.010 
.380 
.470 
.450 
.290 
.420 
.390 
.660 
.740 
.650 


1.020 
.322 
.380 
.440 
.210 
.420 
.410 
.730 
.690 
.530 


1.160 
.384 
.500 
.600 
.280 
.650 
.610 
.870 
.780 
.790 


1.00 

.90 

.90 

1.02 

.92 

1.05 

1.03 

1.05 

.95 

.99 


98 


0.99 
1.07 
1.11 
1.05 
1.27 

i.as 

.98 

.95 

1.02 

1.21 

1.07 


0.87 
.90 
.84 
.77 
.95 
.68 
.66 
.80 
.90 
.81 


,82 


2.46 
2.18 
2.24 
05 
40 
2.40 
2.54 
1.57 
2.01 
1.56 


8. 
2. 


60.0 
68.0 
68.0 
57.5 
65.0 
67.0 
59.0 
52.5 
67.0 
60.0 


R. 

8. 

S. 

8 

S. 

S. 

P. 

s. 
s. 

G. 


61.4 


SOUTH  FORK,  HOLSTON  RIVER,  BLUFF  CITY,  TENN. 


Sept.    4 
July    2 

O.ll 

210 

3.1 

1.084 

1.080 

1.090     1.260 

1.00 

0.99 

0.86 

1.86 

60.0 

R. 

.40 

200 

1.9 

2.628 

2.540 

2.920  1  3.910 

1.35 

.90 

.67 

1.10 

58,0 

B. 

205 

2.4 

5.066 

5.010 

5.010     6.230 

1.01 

1.01 

.81 

1.39 

58.0 

B. 

215 

3.6 

2.695 

2.880 

2.530 

2.590 

.94 

1.07 

1.04 

2.77 

77.0 

B. 

250 

2.8 

8.366 

3.360 

3.150 

3.840 

1.00 

1.07 

.88 

1.68 

60.0 

B. 

256 

2.3 

2.346 

2.500 

L880 

2.520 

.94 

1.25 

.93 

1.52 

66.0 

B. 

May    9 

L60 

115 

2.7 

6.770 

6.890 

.770 

.740 

1.220 

1.00 

1.04 

.63 

1.62 

60.0 

B. 

120 

2.2 

L540 

1.600 

L660 

1.760 

.96 

.99 

.88 

1.43 

65.0 

B. 

130 

2.8 

1.650 

L680 

1.630 

2.200 

.98 

1.01 

.75 

1.71 

61.0 

B. 

140 

8.7 

1.770 

1.830 

1.590 

2.340 

.97 

1.11 

.76 

4.60 

63.0 

B. 

210 

3.9 

4.860 

4.520 

4.980     6.800 

1.08 

.98 

.70 

2.07 

58.0 

B. 

240 

4.1 

2.290 

2.220 

2.020     3.600 

1.03 

1.13 

.64 

2.38 

58.0 

B. 

250 

4.1 

4.210 



4.310 

4.020 

5.090 

.98 

1.05 

.83 
.80 

2.54 

62.0 

B. 

Mean . 

L02 

1.05 

61.6 

NOLICHUCKY  RIVER, 

0  GREEN  EVILLE,  TENN 

Oct.    15 

0.00 

100 

1.6 

0.935 

0.870 

0.900 

1.010 

1.210 

1.04 

0.93 

0.77 

0.90 

56.0 

B. 

120 

L6 

.775 

.720 

.730 

.840 

1.160 

1.06 

.82 

.67 

.90 

57.0 

B. 

140 

1.8 

.903 

.970 

.900 

.900 

1.020 

1.00 

1.00 

.«9 

1.08 

60.0 

B. 

170 

2.3 

.487 

.460 

.480 

.540 

.690 

L02       .90 

.71 

1.06 

59.0 

B. 

230 

3.8 

.627 

.610 

.640 

.610 

.760 

1.00 

1.03 

.82 

2.36 

62.0 

B. 

260 

8.7 

.743 

.770 

.750 

.710 

.970 

.99 

1.05 

.77 

2.28 

61.5 

B. 

July     1 

0.61 

100 

2.2 

L663 

1.660     1.640 

2.000 

1.01 

1.01 

.83 

1.30 

59.0 

B. 

120 

2.4 

1.536 

1.400 

L510     1.540 

2,000 

1.02 

1.00 

.77 

1.42 

59.0 

B. 

140 

2.5 

1.416 

1.340 

1.400 

1.400 

1.730 

1.00 

LOl 

.82 

4.46 

58.5 

B. 

a  This  station  is  on  the  bridge  of  the  Charleston  and  We8tern  Carolina  Railroad,  10  miles  north  of 
Greenwood,  S.  C,  and  is  best  reached  by  driving  from  Greenwood.  The  current  is  regular;  the  bottom 
sandy  and  somewhat  shifting. 

6 This  station  is  on  the  bridge  of  the  Viiginia  and  Southwestern  Railway,  at  Slam  station,  3  miles 
from  Ellsabethton,  Tenn.  The  bottom  in  uf  fine  sand  and  gravel.-with  a  shoal  of  small  roclcs  in  mid 
stream.    The  current  is  small  at  low  water. 

cThia  station  is  at  Jones's  Bridge,  a  two-span  steel  wagon  bridge,  6  miles  from  GreeneviUe.  The 
banks  are  steep  and  high:  the  left  bank  is  never  overflowed,  and  the  right  only  by  the  highest  floods. 
The  current  is  even  and  fairly  swift.    The  bottom  is  of  smooth  rock  and  small  round'^d  stones. 
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Vertical  velocity  nieasurements  in  190S  on  rivers  in  Virffinia^  etc. — Continued. 
NOLICHUCKY  RIVER,  GREENEVILLE,  TENN.— ContlDUed. 


3 

Velocity  in  feet  per  second  by  fol- 

CiKjfficient  for  re- 
ducing to  mean 
velocity. 

I>*pth  of 
thn^d 

• 

nee    from    in: 
point. 

• 

lowing  methods: 

of  mean 
vehieity. 

3 

Date. 

ertical    ve- 
locities. 

rved   0.6 
eptli. 

a 

2  . 

rved  top 
bottom. 

• 

t 
t 

?pth  from 
urve. 

rved  top 
bottom. 

rved  top. 

• 

? 

^ 

2 

OS 

1' 

n 

1 

«o 

•^1 

1 

c 
1.45 

s:*C 

0.61 

Q 

Q 

> 

O 

d 

0«s 

O 

o 
1.17 

o« 

O 

H^ 

July     1 

160 

2.5 

2.143 

1.070 

1.110 

1.160 

1.370 

1.12 

0.82 

58.0 

B 

220 

4.4 

1.826 

.850 

.670 

1.200 

.98 

1.-24 

.69 

2. 73 

62.0 

B 

250 

4.3 

1.138 

1.240 

.970 

1.400 

.92  1  1.17 

.81 

2.92 

6«.0  : 

B. 

May     7 

1.48 

80 

2.9 

1.6'20 

1.610 

1.610 

1.790 

1.01 

1.01 

.92 

1.71 

59.0 

B. 

100 

3.1 

2.680 

2.640 

2.7-20 

2.640 

3.150 

.98 

1.02 

.85 

1.89 

61.0 

B 

120 

3.2 

2.690 

2.510 

2.720 

2.770 

3.190 

.99 

.97 

.84 

1.95 

61.0 

B. 

140 

3.3 

2.550 

2.640 

2.  (MO 

2.570 

2.850 

.97 

.99 

.89 

2.1H  1  fi#i.O 

B. 

160 

3.4 

2.160 

2.100 

2.100 

2.100 

2.580 

1.03 

1.03 

.84 

1.91     57-0 

B 

180 

4.5 

1.650 

1.520 

1.670 

2.240 

1.09 

.99 

.74 

2.43     ^.0 

B 

220 

4.7 

1.700 

1.5-20 

1.770 

2.370 

1.11       .96 

.72 

2.35     50.0 

B 

240 

5.1 

2. 200 

2.110 

2.100 

2.6^0 

1.04  ,  1.06 

.83 

2.86 

56.0 

B 

270 

4.6 

2.460 

2. 4<iO 

2. 170 

2.850 

1.00 

1.13 

.86 

2. 76 

00.0 

B 



290 

4.9 

2.070 

1.970 

2.000 

•2.780 

1.05 
1.02 

1.04 

.74 

.80 

2,74 

nft.O  1 

B. 

Mean. 

1.02 

59.1' 

FRENCH  BROAD  RIVER,«  OLDTOWN  (NEWPORT).  TENN. 


Oct.    14 


June  30 


1.31 
2.29 

270 
300 
410 
440 
40 
140 
2a5 
280 
4*20 

7.3 
5.3 
5.4 
4.2 
5.3 
5.3 
6.2 
8.0 
6.0 

0.894 

.787 

.742 

.5-27 

1.-233 

2.116 

2.178 

1.933 

1.842 

1.340 
2.260 

0.890 

.780 

.750 

.520 

1.'240 

2.190 

2. 170 

2.000 

1.880 

0.900 

.760 

.690 

.570 

1.110 

1.920 

2.060 

1.570 

1.740 

1.110 

.950 

.8<K) 

.690 

1.340 

2.360 

2.590 

1.930 

•2. 130 

1.00 

1.01 
.99 

1.01 
.99 
.97 

1.00 
.97 
.98 


Mean 99 


0.99 

0.81 

1.04 

.K\ 

1.08 

.86 

.92 

.76 

1.11 

.92 

1.10 

.90 

1.06 

.84 

1.-23 

1.00 

1.06 

.86 
.86 

1.07 

4.3^1 
8.  l:l 
3. -27 
2.  ^ 
3.19 
3. 52 
3.119 
5.20 
3.87 


.VA  5 
.5y.  o 
♦TO.  5 
59.5 
«>.2 
»"<>,  5 
5«.  5 
65,0 
64.5 

61.6 


S. 


Nov.  20 
June  30 


Mean. 


PIGEON  RIVER,6  NEWPORT,  TENN. 


1.10 

90 

4.4 

0.827 

0.810 

0.820 

0.800 

0.950 

1.01 

1.03 

0.87 

2,77 

1.51 

30 

6.9 

.823 

.860 

.730 

.860 

.96 

1.13 

.9»i 

4.31 

40 

11.6 

.847 

.780 

.860 

.650 

.910 

1.00 

1.30 

.93 

7.02 

60 

10.1 

1.142 

.940 

1.130 

.990 

1.320 

1.01 
.99 

1.15 

.87 

5.96 

1.15 

.91 

63,0 

ei.5 

60.5 
59.0 

61.2 


M 
M 


TUCKASEGEE  RIVER, c  BRYSON,  N.  C. 


Oct.     9 

1.16 

30 

5.7 

0.496 

0.510 

0.560 

0.740 

0.97 

0.89 

0.67 

40 

5.6 

.547 

.600 

.520 

.500 

.91 

1.05 

1.C9 

60 

4.6 

.833 

.830 

.830 

1.0-20 

1.00 

1.00 

.82 

June  26 

k.70 

f    20 
1     -25 

3.5 

.673 

0.690 

.690 

.670 

.870 

.98 

1.00 

.// 

June  27 

6.1 

.7(53 



.770 

.810 

1.000 

.99 

.94 

.76 

30 

6.0 

1.093 

1.230 

1.190 

.990 

1.100 

.92 

1.10 

.99 

:v> 

6.3 

1.231 

1.270 

1.170 

1.350 

.97 

1.05 

.91 

40 

6.0 

1.211 

1.-230 

1.300 

1.050 

l.ft50 

.93 

1.15 

1.15 

45 

6.1 

l.a39 

1.150 

.850 

.950 

.90 

1.22 

1.09 

50 

6.3 

1.010 

1.0-20 

.960 

1.100 

.99 

1.05 

.92 

r>5 

6.4 

1.198 

1.186 

1.170 

1.330 

1.00 

1.02 

.90 

a.  53 

3-%» 
2.76 


2. 
3. 
4. 
4. 


*20 
22   I 
32 
47  1 

4.53 

4-.V< 

3,*M 
4,0()  , 


62.0 
70.0 
60,0 
63.0 
62,0 
72-0 
71,0 
7.5.  -S 
75  0 

r2  ^ 

62-5 


M 
M 
M 

34 

H 
M 
M 
M 


aThis  station  is  on  the  Oldtown  .st«el  wagon  bridge.  3  miles  from  Newport,  Tenn.  The  b«.nk;<  ^ 
high  and  not  overflowed.    The  current  is  reifular.    The  bottom  is  of  fine  sand  and  8hift.s  sliirhtlv 

ftThis  station  is  on  the  wagon  bridge,  1  mile  eiust  of  Newport.    The  section  is  bad,  being^  dts^ii  » 
shallow  water  above  and  below.    The  bottom  is  raud,  changing  constantly.    The  current  ih  .slucv 

**This  station  is  on  the  highway  bridge  in  the  town  of  Bryson.  The  bottom  ix  soft,  and  i  h-  . 
slightly.  But  for  one  old  pier,  the  section  is  very  .smooth.  The  current  is  of  fair  veUn-itv,  t-i- 
near  right  bank,  where  it  is  quite  sluggish  at  low  water.    There  is  a  decided  pulse  in  current. 
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Verti^  velocUy  meamrementa  in  190S  on  Hven  in  Virginia,  ete.— Continued. 
TUCKASEGEE  RIVER,  BRY80N,  N.  C— Continued. 


1 

Velocity  In  feet  per  Be<K>nd  by  fol- 

Coefficient  for  re- 
ducing to  mean 
velocity. 

Depth  of 
thread 

• 

i 

lowing  methods: 

of  mean 
velocity. 

43 

fstance    from 
point. 

1 

5 

•s 

Date. 

6 

• 

a 

• 

t 

i 

sa 

o 

4^ 

• 

a 

ertical 
locitles 

beerved 
depth. 

6  depth  f 
curve. 

^1 

•8 
i: 

1 

6depth  f 
curve. 

bserved 
nd  bottc 

•2 
t 

1 

c 
72.5 

A 

o 

Q 
60 

Q 

> 
1.591 

O 

G> 

o«» 

o 

1.6C0 

o 
0.92 

o« 

o 

0.96 

O 

June  27 

5.8 

1.710 

1.720 

1.380 

1.15 

4.20 

M. 

65 

5.6 

l.Cll 

1.710 

1.710 

1.430 

1.760 

.W 

1.13 

.92 

3.95 

70.5 

M. 

70 

5.3 

1.6H4 

-1.660 

1.620 

2.040 

1.01 

1.04 

.83 

3.07 

58.0 

M. 

75 

4.9 

1.836 

1.820 

1.770 

2.080 

1.01 

1.01 

.88 

2.82 

57.5 

M. 

80 

4.3 

1.902 

1.880 

1.940 

1.750 

2.020 

.98 

1.09 

.94 

2.80 

65.0 

M. 

85 

4.0 

1.670 

1.520 

1.650 

1.690 

2.040 

1.01 

.99 

.82  :  2.84 

58.5 

M. 

90 

4.0 

1.828 

1.810 

1.830 

1.780 

2. 130 

1.00 

1.03 

.86  ;  2.40 

60.0 

M. 

95 

4.6 

1.W5 

i.tvw 

1.660 

1.850 

1.00 

.  99 

.89 

2.40 

60.0 

M. 

100 

4.5 

1.873 

1.890 

1.780 

2.3i0 

.99 

1.05 

.81 

2.79 

62.0 

M. 

105 

4.6 

1.850 

1.850 

1.910 

2.000 

1.00 

.97 

.92 

2.76 

60.0 

M. 

110 

4.9 

2.044 

2.040 

1.970 

2.280 

1.00 

1.04 

.90 

2.94 

60.0 

M. 

115 

5.5 

1.743 

2.000 

1.810 

1.590 

1.950 

.96 

1.10 

.89 

3.58 

65.0 

M. 

120 

6.0 

1.826 

1.860 

1. 570 

2.080 

.98 

1.16 

.88 

3. 12 

62.5 

M. 

130 

5.5 

1.678 

1.640 

1.570 

2.230 

1.02 

1.07 

.75 

8.14 

67.0 

M. 

Apr.  25 

2.70 

30 

6.8 

2.040 

2.020 

2.100 

1.750 

1.970 

.97 

1.17 

1.04 

fl.TO 
t4.28 

25.0 
63.0 

I  M. 

40 

6.9 

1.970 

1.970 

1.790 

1.970 

1.00 

1.10 

1.00 

4.14 

60.0 

M. 

50 

7.1 

1.730 

1.840 

1.420 

1.630 

.94 

1.22 

1.06 

4.34 

67.0 

M. 

60 

7.1 

2.210 

2.460 

1.800 

1.760 

.90 

1.23 

1.26 

fl.20 
\5.25 

17.0 
74.0 

}  M. 

70 

7.4 

2.910 

3.220 

2.200 

2.640 

.90 

1.32 

1.10 

J  .30 
15.18 

4.0 
70.0 

M. 

80 

7.8 

8.390 

3.430 

3.450 

8.070 

3.600 

.98 

1.10  1    .94 

4.88 

62.5 

M. 

100 

8.5 

3.200 

3.220 

3.240 

2.830 

3.460 

.99 

1.18  ,    .92 

5.27 

62.0 

M. 

110 

7.9 

3.010 

8.080 

2.640 

2.980 

.98 

1.14     1.01 

5.06 

64.0 

M. 

130 

6.4 

3. 140 

3. 120 

2.810 

8.490 

1.00 

1.12 

.90 

3.71 

58.0 

M. 

150 

6.3 

2.830 

2.880 

2.480 

2.780 

.98 

1.14 

1.02 

3.97 

63.0 

M. 

170 

6.4 

1.430 

1.500 

1.180 

1.420 

.95 
.97 

1.21 

1.01 

4.16 

65.0 

M. 

Mean . 

1.09 

.93 

64.2 

LITTLE  TENNESSEE  RIVER,"  JUDSON.  N.  C. 


1 

Apr.  27     4.25 

580 

4.2 

5.880 

6.640     5.700 

4.950 

6.770 

O.IM 

L09 

0.78 

2.81 

67.0 

B. 

595 

8.6 

6.120 

1  5.950 

6.200 

7.330 

1.03 

.99 

.83 

1.98 

55.0 

B. 

1           !    615 

4.0 

7.450 

7.080 

7.500 

7.210 

8, 210 

.99 

1.03 

.91 

2.48 

62.0 

B. 

;    637 

5.0 

7.280 

7.800 

7.900 

6.480 

8.270 

.92 

1.12 

.88 

8.  .35 

67.0 

B. 

ftl5 

6.0 

6.010 

4.340 

4.500 

4. 690 

8.470 

1.34 

1.28 

.71 

3.18 

63.0 

B. 

June  28     3.56 

520 

2.7 

3.aio 

3.700 

3.760 

5.000 

1.04 

1.02 

.77 

1.55 

67.6 

B. 

530 

8.8 

5.235 

5.150 

5.180 

5.790 

1.01 

.90 

2.13 

56.0 

B. 

580 

3.4 

4.913 

4.800 

4.810 

5.630 

1.02 

L02 

.87 

1.92 

66.5 

B. 

595 

3.3 

5.430 

5.260 

5.460 

6.280 

1.03 

.99 

.86 

1.75 

53.0 

B. 

CftT 

3.9 

5.520 

2.  .530 

5.360 

6.070 

LOO 

1.03 

.91 

2.36 

60.5 

B. 

645 

3.7 

5.040 

4.900 

4.660 

6.720 

1.03 
1.03 

1.08 

.75 

2.15 

58.0 
58.7 

B. 

Mean. 

1.06 

.83    

nThlH  Station  i»  on  the  wooden  bridge  of  the  Southern  Railway,  abont  one-third  of  a  mile  from 
Welch  (flagst^ition)  or  Jud.^on  P.  ().,  X.  C.  The  current  is  steady  and  swift:  the  bottom  is  of  bowl- 
ders, from  3  inches  to  a)K>ut  18  inches  In  diameter,  and  does  not  change.  High  floods  overflow  the 
thickly  wooded  left  bank,  but  probably  a  very  small  part  of  the  current  passes  through.  The  right 
bank  is  steep  and  high. 
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Vertical  velocity  meaturemenltt  in  190S  on  riven  in  Virginia,  etc. — Continued. 

SUMMARY. 


River  and  station. 


Appomattox,  Mattoax,  Va 

James,  Cartersvllle,  Va 

Roanoke,  iioanoke.  Va 

Staunton,  Randolph,  Va 

Dan,  Madison,  N.  C 

Dan,  South  Bottton,  Va 

Reddie.  North  Wllkesboro,  N.  C 

Yadkin,  North  Wilkeaboro,  N.  C 

Yadkin,  Salisbury,  N.  C 

Catawba,  Morganton,  N.  C 

C^itHwba,  Mount  Holly,  N.  C 

(!atawba,  helmont,  N.  C 

Wateree,  C5»imden.  S.  C 

Broad,  Alston,  8.  C 

Saluda,  Waterloo,  S.  C 

Watauga,  Elizabeth  ton.  Tenn 

South  Fork  Holston,  Bluff  (Mty,  Tenn 

Noliehucky,  Greeneville,  Tenn 

French  Broad,  Oldtown,  Tenn 

Pigeon,  Newport,  Tenn 

Tuckasegee,  Bryson  City,  N.  C 

Little  Tennessee,  Judson,  N.  C 

For  all  the  above  curves 


Nmn- 
berof 
curves. 


Coefficient  for  reducing  to  mean 
velocity  the  velocities  observed 
at  following  points: 


8 

6 

8 

20 

42 

13 

8 

88 

10 

89 

2 

1 

4 

4 

8 

10 

13 

22 

9 

4 

36 

U 

301 


Six-tenths 
depth. 


Top  and 
bottom 
(mean  of). 


1.00 

1.01 

.99 

.96 

.99 

.96 

1.02 

.96 

1.02 

1.00 

1.00 

1.01 

1.01 

.96 

.97 

.98 

1.02 

1.02 

.99 

.99 

.97 

1.03 


1.00 


1.11 
1.06 
1.01 
L12 
1,01 
1.09 
.97 
1.12 
1.06 
1.04 
1.06 
1.0& 
1.13 
1.22 
1.08 


07 
05 
02 
07 
15 
09 
06 


1.07 


Top. 


0.81 

.68 
.81 
.95 
.86 
.90 
.83 
.91 
.81 
.82 
,9» 
.80 
.90 
.89 
.82 
.82 
.80 
.80 
.86 
.91 
.93 
.{3 


.86 


Peroenl 
of  depth 
at  wbk  n 
thread  tA 


Telorit 


incntT  18 

EOODO. 


61  -. 

b<i.  i 
eTvT 
fl  $ 
S3. 6 
57  7 
6»"  > 

.TV     'l 

U '. ' 

;*>  '. 

->  t 


CI. 
f.i 

fl 


W.S 


MEASUREMENTS  ON  STREAMS  IN  THE  CATSKILL  MOUNTAINS. 

The  results  in  the  following  tables  were  deduced  from  378  measure- 
ments, taken  in  the  Catskill  Mountains  in  1902-3,*'  at  the  time  of  re<ju- 
lar  gagings  of  the  rivers,  and  with  the  same  degree  of  accurac3'  with 
which  the  current-meter  measurements  were  made.  A  small  Price 
current  meter  was  used,  being  held  so  that  velocities  were  obtained 
at  various  points  in  regular  order  vertically,  usually  at  intervals  of 
from  one-half  to  1  foot.  The  meter  in  most  caaes  hung  freely  in  tht- 
water,  but  where  the  current  was  swift  and  tended  to  swin^  it  out  of 
the  vertical,  it  was  lowered  from  the  downstream  side  of  the  bridcre 
and  stayed  by  means  of  a  wire  from  the  upstream  side,  bein^r  tha^ 
kept  in  the  vertical  plane. 

The  meter  was  held  fifty  .seconds  at  each  point  to  determine  the 
velocity,  and  in  each  case  the  first  reading  was  checked  by  a  second. 
The  results  were  plotted  upon  cross-section  paper,  the  depths  as  ordi- 
nat-es  and  the  velocities  as  abscissas,  and  a  smooth  curve  dmwn  tbroujrh 
the  points.  The  mean  velocity  was  then  obtained  by  taking*  10  velo<i- 
ties  from  the  curve  at  distances  of  one-tenth  the  total  depth  apart  and 
dividing  their  sum  by  ten.  The  velocities  were  taken  at  points  O.o.\ 
0.15,  0.25,  etc. — 0.95  of  the  total  depth  on  the  curve. 

A  study  of  the  tables  for  each  river  will  explain  itself.  The  fir^t 
column  gives  the  date  on  which  the  observations  were  made;  the  second. 


a  Re$iults  previous  to  this  time  are  found  in  Water  Sup.  and  Irr.  Paper  No.  76,  U.  S.  Geol.  Suirey.  lyiB 
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the  gage  height  at  time  of  gaging;  the  third,  the  distance  from  the 
initial  i)oint  (this  being  permanently  marked  on  the  bridge);  the  fourth, 
the  depth  of  water  at  the  measuring  point;  the  fifth,  the  mean  velocity 
in  feet  per  second  as  obtained  from  the  vertical  velocity  curves  as 
previouslj'^  shown;  the  sixth,  the  velocities  at  VV  depth  as  scaled  from 
the  velocity  curves;  the  seventh,  the  velocities  at  about  0.5  foot  below 
the  surface;  the  eighth  and  the  ninth,  the  coefficients  to  be  applied  to 
the  velocity  columns  marked  "  Six-tenths,"  and  "Top,"  respectively, 
to  reduce  them  to  mean  velocity;  the  tenth,  the  depth  of  thread  of 
mean  velocity  in  per  cent  of  total  depth  as  measured  from  the  surface 
of  the  water;  the  last,  the  character  of  the  bed  of  the  stream  at  the 
point  of  observation. 

The  suimnary  explains  itself.  It  shows  that  the  mean  velocity  of 
378  determinations  is  found  practically  at  a  depth  of  0.60  of  the  total 
depth,  and  that  the  velocity  at  this  depth  is  well  within  a  permissible 
error,  whether  obtained  from  the  curve  or  from  actual  observation. 

It  appears  from  a  study  of  these  vertical  velocity  curves  (1)  that  a 
rough  bed  causes  a  drag  at  the  lower  end  of  the  vertical  velocity  curve 
and  tends  to  raise  the  point  of  mean  velocity  in  the  section,  so  that  a 
measurement  at  0.6  depth  would  be  too  small;  (2)  that,  vice  versa,  a 
smooth  bed  tends  to  make  the  measurement  at  0.60  depth  too  large;  (3) 
that  the  depth  of  a  river  has  a  marked  eflfect  on  the  point  of  mean 
velocity,  this  point  in  a  shallow  river  approaching  0.55  depth,  and  in 
a  deeper  one  approaching  0.65  depth;  (4)  that  in  general  the  error 
in  using  the  0.60-depth  method  is  well  within  the  limit  of  accuracy 
in  stream-gaging  work. 

In  the  following  tables  G  indicates  gravel;  S,  sand  or  silt;  R,  smooth 
rock;  B,  bowlders;  *that  the  actual  ^Vnieasured  velocity  coincides 
with  that  taken  from  the  curve. 


Vertical  velocity  meamiremeiits  on  rivers  in  the  CatskUl  Mountains, 
CATSKILL  CREEK,  SOUTH  CAIRO,  N.  Y. 


Date. 


September  5, 1902 . 
AagiiRt27, 1902.... 
September  5, 1902 . 
August  27.  1902.... 
Sept^mlx-T  5, 1902 . 

Do 

Auf?ust27.  1902.... 
September  22. 1902 
August  13,  1902 

Do 

August  12. 1903.... 
August  27. 1902... 
September  22, 1902 


Gage 
height 


Fret. 
2.79 
2.74 
2.79 
2.74 
2.79 
2.79 
2.74 
3.82 
3.49 
3.49 
2.99 
2.74 
8.82 


DIk- 
tance 

from 
Initial 
point. 


Feet. 

50.0 

31.5 

31. 5 

29.0 

29.0 

25.0 

25.0 

50.0 

50. 

80. 

50.0 

45.0 

25.0 


.0 
,0 


Velocity  in    feet  per 
second  by  following 

CocfBclents  for 

Depth 
of 

reducing  to 

Depth 
at 

methods: 

mean  velocity: 

thread 
of  mean 

tCharac- 

terof 

bed  of 

stream. 

meas- 
uring 
point. 

Verti- 
cal ve- 
locity. 

Six- 
tenths. 

Top. 

Six- 
tenths. 

Top. 

veloci- 
ty (in 
percent 
of 

Fed. 

—  — 



depth). 

Feet. 

2.1 

0.27 

0.26 

0.32 

1.04  ,      0.»4 

56.0 

G. 

2.2 

*.5(i 

*.56 

.62 

1.00           .90 

60.0 

R. 

2.3 

.63 

.62 

.72 

1.02           .87 

55.0 

R. 

2,5 

.46 

♦.40 

.62 

1. 12           .  73 

48.0 

B. 

2.5 

.53 

.52 

.69 

1.02           .77 

60.0 

B. 

2.6 

.34 

.31 

.43 

1.09           .79 

55.0 

B. 

,      2.7 

.30        ♦.SO 

.37 

1.00 

.81 

60.0 

B. 

1      2.7 

.72 

.65 

.94 

1.11 

.77 

50.0 

G. 

2.9 

.80 

♦.75 

1.02 

1.07 

.78 

52.0 

G. 

2.9 

.99 

1.00 

1.17 

.99 

..S5 

60.0 

SmallB. 

8.0 

.77 

.75 

.92  ' 

1.03 

.H4 

57.0 

R. 

3.2 

.40 

.40 

.41 

1.00 

.97 

60.0 

R. 

8.2 

.83 

.83 

.88 

1.00 

.94 

60.0 

SmallB. 
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Vertical  velocity  measuremenlg  on  riverg  in  the  Oatskill  Mountauu — Continued. 
CATSKtLL  CREEK,  SOUTH  CAIRO,  N.  Y.-Continued. 


Date. 


AuRiutlS,  1902 

September  5. 1902 

October  10, 1902 

August  27,  1902 

September  5,  1902 

September  12. 1903... 

Do 

October  10, 1902 

August  27,  1902 

October  10, 1902 

April  11, 1902 

May  10. 1902 

August  13,  1902 

September  22. 1902  . . . 
October  10, 1902 

Do 

September  9, 1902 . . . . 

July  9, 1902 

August  18, 1902 

September  5, 1902 

September  22. 1902  . . . 

Augu«tl2,  1903 

Aprilll.  1902 

May  10, 1902 

October  10, 1902 

September  22, 1902 . . . 

April  22, 1902 

August  13,  1902 

October  10.  1902 

August  2.  1902 

October  10,  1902 

August  2,  1902 

Aprilll,  1902 

Do 


Mean 


Gafe 
height. 


>Vrt. 
8.49 
2.79 
3.96 
2.74 
2.79 
2.99 
2.99 
3.96 
2.74 
8.96 
6.86 
8.47 
8.49 
3.82 
3.96 
3.96 
3.81 
3.86 
8.49 
2.79 
8.82 
2.99 
6.86 
3.47 
3.96 
3.32 
4.06 
8.49 
3.90 
5.36 
8.96 
6.86 
6.86 
6.86 


Dis- 
tance 

from 

initial 

point. 


Feet 
2fi.O 
45.0 
30.0 
40.0 
40.0 
45.0 
40.0 
60.0 
35.0 
55.0 
90.0 
45.0 
45.0 
45.0 
25.0 
60.0 
40.0 
40. 
40. 
35. 
40. 
86.0 
70.0 
35.0 
45.0 
35.0 
40.0 
35.0 
40.0 
80.0 
35.0 
40.0 
30.0 
50.0 


0 
0 
0 
0 


Depth 

at 
j  meas- 
uring 
point. 


Feet. 
3.3 
3.3 
3.4 
3.5 
3.6 
3.6 
3.7 
3.8 
3.9 
3.9 
4.0 


4. 
4. 
4. 
4. 
4. 
4. 
4. 


4.2 
4.2 
4.2 
4.2 
4.6 
4.6 
4.6 
4.7 
4.8 
4.9 
4.9 
5.2 
5.4 
6.1 
6.6 
7.0 


Velocity  in  feet  per 
second  by  following 
methods: 


0.88 

.51 

1.08 

.65 

.72 

.81 

.78 

1.08 

.43 

1.12 

3.91 

.95 

1.00 

.98 

.83 

1.18 

1.00 

1.09 

1.17 

.58 

1.14 

.45 

8.76 

.98 

1.19 

.92 

1.79 

.  99 

1.14 

2.49 

.98 

3.09 

3.08 

3.56 


0.84 

.50 

1.10 

.66 

.70 

.80 

.77 

1.08 

♦.43 

1.08 

3.90 

.93 

.93 

.85 

♦.80 

1.17 

.98 

1.09 

1.14 

.53 

1.12 

.42 

8.87 

.90 

1.17 

.90 

1.74 

1.00 

1.14 

2.45 

•  wj 

♦3.20 

2.98 

8.65 


1.03 

.54 

1.25 

.72 

.81 

.97 

.85 

1.42 

.63 

1.46 

4.47 

1.22 

1.26 

1.15 

l.Ort 

1.42 

1.16 

1.23 

1.32 

.72 

1.29 

.66 

4.42 

1.27 

1.41 

1.15 

2.07 

1.27 

1.81 

3.00 

1.21 

3.24 

3.64 

4.12 


Coefficients  for 

reducing  to 
mean  Telocity: 


Siz- 
tenths. 


t 


0.99 
1.02 
.98 
1.00 
1.08 
1.01 


01 
00 
00 
08 


1.00 


02 
08 
10 


1.08 
1.01 
1.02 
1.00 
1.02 
1.00 
1.02 
1.07 
.97 
1.03 
1.02 


1. 
I. 


02 

03 

.99 

1.00 

1.02 

1.00 

.96 

1.03 

.97 


1.02 


Top. 


Depth! 

of 
threadj 

of  mcAn  Charar- 
veloci- 1  ter  '»f 
ty  (in  •  bed<4 
percent! 

of 
depth).! 


0.81 
.94 
.86 
.90 
.89 
.83 
.92 
.76 

-£ 
.77 

.87 

.78 

.79 

.81 

.77 

.83 

.86 

.89 

.89 

.74 

.88 

.68 

.85 

.73 

.»! 

.80 

.86 

.78 

.85 

.83 

.81 

.95 

.85 

.86 


Frti.    ! 
60.0  [SmallB 


60.0 

61.0 

60.0 

56..  0 

59.0 

^.0 

60.0 

60.0 

57.0 

60.0 

5H.0 

50.0 

50.0 

55.0 

59.0 

59.0 

60.0 

52.0 

GOlO 

55c  O 

55.0 

63.0 

69.0 

57.0 


1       59. 0 

.      58.0 

G0.0 

60.0 

57.0 

60.0 

67.0 

55.0 

64.0 

.83 


57,7 


R. 

K 

K 

R. 

K. 

G. 

<i. 

R 

<;. 

R. 
R. 
R. 
B. 
<«. 

a. 

R 
R 

R 

K 

«; 
<:. 

R 

R 

R. 
R 

R 

R 

R. 

R 

R 

i;. 

R. 


DELAWARE  RIVER  (EAST  BRANCH),  HANCOCK.  N.  V. 


May  29.  1903 

Do 

Do 

September  1,  1903..., 

Do 

Do 


Mean 


July  21, 1903..., 

Do 

Do 

Do 

Do 

August  31,  1908. 

Do 


Do 
Do 
Do 
Do 
Do 


Mean 


2.72 
2.72 
2.72 
4.96 
4.96 
4.96 


S20 
280 
240 
90 
320 
240 


2.1 
2.4 
2.5 
3.0 
4.4 
4.8 


0.92 
.75 
1.05 
3.23 
3.65 
4.12 


0.91 
.70 
1.01 
3.14 
3.58 
4.18 


1.20 
1.02 
1.22 
4.04 
4.51 
4.46 


1.01 
1.07 
1.01 
1.03 
1.02 
1.00 


1.023 


DELAWARE  RIVER  (WEST  BRANCH),  HANCOCK.  N.  Y. 


3.10 
3.10 
3.10 
3.10 
3.10 

5.35 
5.35 
5.35 
5.85 
5.a'> 
6.35 


140 
160 
170 
ISO 
190 
220 
60 
80 
130 
210 
150 
200 


1.7 
1.9 
2.0 
2.2 
2.5 
3.1 
3.2 
3.9 
3.9 
3.9 
4.1 
4.2 


1.67 
2.06 
1.98 
2.40 
2.78 
3.10 
3.07 
3.80 
4.26 
3.82 
4.67 
4.45 


1.60 
2.00 
2.00 
2.80 
2.74 
8.00 
8.05 
3.65 
4.25 
3.68 
4.60 
4.40 


2.05 
2.45 
2.25 
3.07 
2.90 
3.90 
3.78 
4.74 
5.17 
4.70 
5.40 
5.32 


1.04 
1.03 
.96 
1.04 
1.01 


1.08 


01 
04 


1.00 
1.04 
1.01 
1.01 


1.018 


0.82 
.84 
.86 
.78 
.95 
.80 
.81 
.80 
.82 
.81 
.86 
.83 

.831 


60 
57 
60 

5k 

60 


69 


B 
G 
B 
<i 
B 
B. 


69 

it 

5fi 

•  i 

t£> 

«i 

59 

«t 

5K 

<; 

55 

0 

60 

*, 

56 

it 

60 

i. 

55 

<i 

55 

ii 

59 

«i. 

58 

MURPHY.] 
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Vertical  velocity  Tnefumremenis  on  rivers  in  the  Catskill  Mountains — Continued. 

E80PUS  CREEK,  KINGSTON,  N.  Y. 


Date. 


Gage 
height. 


August  21, 1902 

July  22, 1908 

Feet. 
4.  CM 
5.17 

May  24. 1902 

5.02 

Do 

5.02 

July  22, 1908 

6.17 

Do 

6.17 

September  23, 1902  . . . 
July  9. 1902 

5.87 
6.81 

August  24, 1908 

September  23, 1902 . . . 

August  21.  1902 

June  6, 1902 

6.72 
6.87 

4.94 

4.48 

August  12,  1902 

September  4, 1902.... 
July  16,  1902 

6.28 
4.49 
5.13 

July  22. 1903 

5.17 

May24, 1902 

5.02 

July22.  1908 

5.17 

July  80. 1902 

7.65 

September  4, 1903 

May  14, 1902 

7.66 
5.83 

August  12,  1902 

June  26,  1902 

6.28 
4.98 

Julv24.  1902 

8.11 

August  21.  1902 

May  24.  1902 

4.94 
5.02 

September  4, 1902 .... 
Julv22,  1903 

4.49 
5.17 

August  24, 1903 

July  22, 1908 

5.72 

5.17 

September23, 1902 

July  22. 1903 

5.87 
6.17 

June  16, 1902 

4.48 

May  14,1902 

5.83 

October  4, 1902 

August  21, 1902 

July  22.1906 

9.32 
4.94 
5.17 

July  16, 1902 

5.13 

August  12, 1902 

October  4, 1902 

May  24, 1902 

6.28 
9.32 
5.02 

April  10, 1902 

13.37 

Mav  14,1902 

5.83 

July  9, 1902 

5.81 

September  4, 1903 

April  10,1902 

7.66 
13.37 

October  4, 1902 

April  10. 1902 

9.32 
13.37 

April  10, 1902 

13. 37 

Do 

13.37 

Do 

13.37 

Do 

13.37 

Do 

13.37 

Do 

13.37 

Mean 


Dis- 
tance 

from 
initial 
point. 


Depth 

at 
meas- 
uring 
point. 


40 
35 
40 
70 
40 
70 
60 
40 
40 
40 


I 


75 
75 
40 
75 
75 
75 
100 
100 
60 
40 
100 
75 
80 
60 
85 
80 
85 
80 
80 
85 
80 
95 
90 
80 
60 
90 
90 
90 
85 
40 
90 
15 
90 
90 
90 
20 


80 
30 

50 
60 
40 
70 
100 
80 


1.9 
2.1 
2.2 
2.4 
2.6 
2.6 
2,9 
3.0 
3.0 
3.1 
3.2 
3.4 
3.5 
3.6 
3.6 
3.7 
4.1 
4.1 
4.4 
4.6 
4.8 
4.9 
6.0 
5.0 
5.2 
5.2 
5.2 
5.4 
5.4 
5.4 
5.4 
5.5 
5.6 
5.7 
5.8 
6.0 
6.1 
6.2 
6.2 
6.3 
6.3 
6.3 
6.4 
6.8 
7.2 
7.2 
7.6 
7.8 
8.7 
8.8 
9.0 
9.6 
9.6 
10.2 
10.5 
11.0 
11.0 
13.0 
14.0 


Velocity  in  feet  per 
second  by  following 
methods: 


VerU- 
cal  ve- 
locity. 


0.74 
.96 
.79 
1.06 
1.01 
1.33 
1.59 
1.29 
1.37 
1.19 


.99 

.66 
1.48 

.66 
1.12 
1.16 

.73 
1.21 
2.37 
2.63 
1.19 
1.67 
1.09 
2.71 

.96 
1.01 

.74 
1.24 
1.47 
1.17 
1.66 
1.16 

.70 
1.88 
2.83 

.89 
1.12 
1.07 
1.71 
3.12 

.90 
5.04 
1.22 
1.30 
2.28 
4.89 


2.75 
4.94 

A.bh' 
4.48 
4.70 
4.34 

'4.69' 


Six. 
tenths. 


♦0.72 
.95 
♦.76 
1.06 
1.01 
1.33 
1.52 
1.29 
1.34 
1.19 


♦1.02 
.64 

•1.42 
•.60 
1.11 
1.15 
•.78 
1.20 

•2.36 
2.74 
1.24 
1.64 
1.08 

•2.71 
.97 

•1.00 
•.74 
1.23 
1.47 
1.18 

•1.55 

1.13 

.69 

•1.40 

2.85 

.87 

1.05 

•1.02 

♦1.71 
3.23 
•.89 

•5.12 

•1.22 

•1.28 
2.23 
5.07 


2.77 
5.11 

'4*76 
4.71 
4.90 
4.55 

*4.'25' 


Top. 


0.82 
1.18 
1.03 
1.32 
1.16 
1.51 
2.03 
1.50 
1.58 
1.45 


1.18 

.86 
1.77 

.91 
1.41 
1.42 

.86 
1.34 
2.<98 
2.99 
1.29 
2.16 
1.22 
8.07 
1.08 
1.16 

.84 
1.44 
1.72 
1.30 
1.74 
1.87 

.80 
1.69 
3.02 
1.06 
1.44 
1.28 
1.71 
3.16 
1.10 
5.16 
1.38 
1.50 
2.67 
5.12 


2.80 
5.18 

"4.88 
4.66 
4.97 
4.40 

'4.12' 


Coefficients  for 

reducing  to 
mean  velocity: 


Six- 
tenths. 


1.03 
1.00 
1.04 
1.00 
1.03 
1.00 
1.05 
1.00 
1.02 
1.00 


.97 
1.00 
1.04 
1.10 
1.00 
1.00 

.93 
1.00 
1.00 

.96 

.96 
1.02 
1.00 
1.00 

.  99 
1.00 
1.00 
1.00 
1.00 

.99 
1.00 
1.08 
1.00 

.99 

.99 
1.02 
1.07 
1.05 
1.00 

.97 
1.00 

.98 
1.00 
1.00 
1.02 

.97 


.98 
.97 

".96" 
.95 
.96 
.96 

".'96' 

QQQ 


Top. 


Depth 

of 
thread 
of  mean 
veloci- 
ty (in 
percent 

of 
depth) 


0.90 
.82 
.77 
.80 
.90 
.88 
.78 
.86 
.87 
.82 


.84 
.76 
.84 
.73 
.80 
.82 
.85 
.90 
.80 
.88 
.92 
.78 
.90 
.89 
.98 
.87 
.88 
.86 
.85 
.90 
.90 
.85 
.87 
.87 
.94 
.84 
.78 
.87 
1.00 
.99 
.82 
.97 
.88 
.86 
.83 
.95 


.98 
.95 

".u" 

.96 
.94 
.98 

"99  " 
.875 


Feet 
54.0 
60.0 
58.0 
60.0 
57.0 
60.0 
55.0 
60.0 
69.0 
60.0 


60.0 
60.0 
55.0 
58.0 
60.0 
60.0 
66.0 
60.0 
60.0 
65.0 
67.0 
69.0 
60.0 
60.0 
61.0 
60.0 
60.0 
60.0 
60.0 
61.0 
60.0 
68.0 
60.0 
62.0 
61.0 
59.0 
55.0 
58.0 
60.0 
66.0 
60.0 
70.0 
60.0 
60.0 
59.0 
74.0 


65.0 
75.0 

'76.6' 
75.0 
70.0 
75.0 

"69.'6 
61.7 


Charac- 
ter of 
bed  of 

stream. 


B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 


B. 
B. 
B. 
B. 
B. 
B. 
S. 

s. 

B. 
B. 

B. 
B. 
B. 
B. 

3. 
B. 
8. 
B. 
B. 
B. 
B. 
S. 
S. 
8. 
B. 
8. 
8. 
8. 
8. 
B. 
8. 
B. 
8. 
8. 
8. 
B. 


B. 
B. 

B. 
B. 
B. 
B. 

B.,  8. 
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Vertical  velocity  measuremenU  on  rivers  in  the  CkUskill  Mountains — Continaed. 

E80PUS  CREEK,  OLIVTEBRIDGE,  N.  Y. 


Gage 
height. 

Dis- 
tance 
from 
initial 
point. 

Depth 

at 
meas- 
uring 
point. 

Velocity  in  feet   per 
second  by  following 
methods: 

CoefRcients  for 

reducing  to 
mean  velocity: 

Depth 

of 
thread 
of  mean 
veloci- 
ty (in 
percent 

of 
depth). 

Ful. 
61.0 
62.0 
57.0 
60.0 
60.0 
M.O 
55.0 
57.0 
60.0 
55.0 
60.0 
55.0 
57.0 
59.0 
59.0 
55.0 
61.0 
60.0 
56.0 
59.0 
60.0 
60.0 
57,0 
59.0 
58,0 
55.0 
60.0 
61.0 
60.0 
61.0 
61.0 
59.0 

60.0 
55.0 
57.0 
53.0 
57.0 
57.0 
60.0 
55.0 
55.0 
62,0 
56.0 
56.0 
56.0 
52.0 
54.0 
57.0 
57.0 
60.0 
60.0 
52.0 
58.0 
60.0 
59.0 
55.0 
60.0 
55.0 
59.0 
55.0 
54.0 
57.0 
56.0 
54.0 
57.0 
65.0 
59.0 
62.0 

57.7 

Charac- 

Date. 

Verti- 
cal ve- 
locity. 

Six- 
tenths. 

Top. 

Six- 
tenths. 

Top. 

ter  of 

bed  of 

stream. 

August  11, 1903 

Do 

Feel. 
1.70 
1.70 
1.60 
1.60 
1.70 
l.Sl 
1.81 
1.10 
1.60 
2.14 
2.14 
•2.14 
1.92 
1.60 
1.70 
1.62 
2.14 
1.60 
1.60 
1.60 
1.60 
1.70 
1.70 
1.70 
l.Sl 
2.14 
1.70 
1.81 
1.60 
1.60 
1.70 
1.62 
2.74 
2.14 
1.60 
1.70 
1.62 
2.74 
l.Sl 
1.70 
1.62 
1.81 
2.14 
2.14 
2.14 
1.92 
1.81 
2.14 
1.92 
1.70 
1.81 
2.14 
2.14 
2.74 
2.74 
2.14 
2.74 
2.67 
2.74 
2.74 
2.74 
2.74 
3.08 
4.05 
4.05 
5.80 
5.05 
5.80 

25 

90 

160 

90 

160 

70 

SO 

40 

130 

160 

70 

165 

180 

35 

130 

35 

80 

50 

60 

120 

150 

35 

60 

90 

55 

130 

50 

35 

40 

140 

160 

40 

30 

35 

45 

140 

140 

80 

50 

40 

45 

40 

60 

120 

150 

140 

140 

40 

50 

45 

4o 

140 

50 

90 

VM) 

100 

150 

50 

35 

60 

140 

40 

150 

30 

100 

30 

3.5 

165 

Feet. 
0.9 
1.0 
1.2 
1.3 
1.3 
1.3 
1.3 
1.4 
1.4 
1.5 
1.6 
1.6 
1.6 
1.6 
1.6 
1.6 
1.7 
1.7 
1.7 
1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.9 
1.9 
1.9 
2.0 
2.0 
2.0 
2.0 
2.0 
2.1 
2.1 
2.1 
21 
21 
21 
2.2 
2  2 
22 
2  3 
2.3 
2  3 
2.3 
2.3 
24 
2  4 
2.4 
2.4 
2.5 
2  6 
2.6 
2  6 
2  9 
2  9 
3.0 
3.0 
3.0 
3.1 
3.2 
3.3 
3.4 
4.8 
5.1 
5.1 
5.2 

1.59 
1.74 
.60 
1.01 
.51 
2.59 
8.18 
1.36 
.72 
.98 
2  70 
.99 
1.49 
1.62 
1.17 
1.41 
8.02 
1.69 
1.34 
.53 
.42 
1.65 
1.76 
1.63 
1.86 
1.98 
1.73 
1.61 
1.46 
.48 
.68 
1.47 
3.53 
2.32 
1.62 
.90 
.65 
4.47 
1.91 
1.61 
1.60 
1.27 
2  73 
1.30 
1.35 
1.15 
1.13 
2.09 
2  05 
1.63 
1.85 
1.58 
2.50 
4.09 
2  77 
2  00 
3.02 
4.16 
3.91 
4.25 
2  71 
8.74 
4.06 
4.39 
4.68 
5.86 
6.16 
7.62 

1.60 
1.T7 
.48 
1.00 
.51 
2.53 
3.15 
1.34 
.72 
.94 
274 
.96 
1.42 
1.60 
1.15 
1.35 
3.04 
1.70 
1.25 
.52 
.41 
1.65 
1.74 
1.60 
1.83 
1.96 
1.75 
1.65 
1.45 
.50 
.69 
1.45 
8.53 
2  25 
1.57 
.86 
.63 
4.44 
1.92 
1.57 
1.55 
1.30 
2  62 
1.27 
1.33 
1.10 
1.10 
2.05 
2  00 
1.62 
1.85 
1.53 
2  46 
4.10 
2  76 
1.98 
3.03 
4.13 
3.89 
4.22 
2  59 
3.69 
4.02 
4.30 
4.65 
5. 95 
6.12 
7.67 

1.54 
1.84 

.61 
1.09 

.54 
2.86 
3.83 
1.58 

.78 
1.13 
2.86 
1.11 
1.68 
1.75 
1.22 
1.66 
8.09 
1.79 
1.62 

.75 

.54 
1.89 
1.91 
1.81 
2.18 
2.18 
1.93 
2.08 
1.56 

.51 

.71 
1.63 
3.61 
2.67 
1.86 
1.11 

.80 
4.79 
217 
1.79 
1.84 
1.63 
3.09 
1.61 
1.49 
1.32 
1.32 
2.52 
227 
1.72 
205 
1.86 
2  74 
4.41 
3.04 
208 
3.31 
4.46 
4.39 
4.41 
3.61 
4.27 
4.87 
4.92 
5.10 
5.96 
7.06 
7.97 

0.99 
.98 
1.04 
1.01 
1.00 
1.02 
1.01 
1.01 
1.00 
1.04 
.99 
1.03 
1.05 
1.01 
1.02 
1.04 
.99 
.99 
1.07 
1.02 
1.08 
1.00 
1.01 
1.02 
1.02 
1.01 
.99 
.98 
1.01 
.% 
.98 
1.01 
1.00 
1.03 
1.03 
1.05 
1.03 
l.Ol 
1.00 
1.02 
1.03 
.98 
1.04 
1.02 
1.01 
1.04 
1.08 
1.02 
1.02 
1.00 
1.00 
1.03 
1.02 
1.00 
1.00 
1.01 
1.00 
1.01 
1.01 
1.01 
1.05 
1.02 
1.01 
1.02 
1.01 
.98 
1.01 
.99 

1.04 
.95 
.82 
.92 
.94 
.91 
.96 
.86 
.81 
.87 
.94 
.90 
.90 
.93 
.95 
.85 
.97 
.95 
.82 
.70 
.78 
.87 
.93 
.90 
.87 
.93 
.90 
.78 
.94 
.94 
.96 
.90 
.97 
.87 
.87 
.82 
.81 
.94 
.90 
.90 
.87 
.80 
.88 
.80 
.91 
.88 
.85 
.83 
.90 
.94 
.90 
.86 
.91 
.93 
.91 
.% 
.91 
.93 
.89 
.97 
.75 
.88 
.93 
.89 
.91 
.98 
.87 
.95 

.894 

R. 
R. 

Julv9, 1903 

R. 

Do 

R, 

August  li,  1903 

Septem»>er8,  1903.... 
Do 

R. 
R. 
R. 

June  2.  19051 

G. 

July  9,1903 

R. 

Julv  2. 1908 

R. 

Do 

R. 

Do 

R. 

July  4. 1903 

R. 

July  9. 1903 

G. 

August  11.  1903 

Augu.stl4.  1903 

July  2, 1903 

R. 
G. 
R. 

July  9, 1903 

R. 

Do 

R. 

Do 

R, 

Do 

R. 

August  11,  1903 

Do 

R. 

Do 

R. 

Septembers.  1903.... 
July  2, 1903 

R. 
R. 

August  11,  1903 

Septembers,  1903.... 
July  9, 1903 

R. 
G. 
G. 

Do 

R. 

August  11,  1903 

August  14,  1903 

September  2,  lv,03 

1  July  2,  1903 

R. 
G. 
R. 
G. 

Julv  9, 190;i 

R. 

August  11,  1903 

August  14,  1903 

September  2.  1903  .... 

Septembers,  1903 

August  11.  1903 

August  14,  1903 

Septembers,  1903 

July  2. 1903 

R. 
R. 
R. 
R. 
G. 
R. 
G. 
R- 

Do 

R. 

Do 

R. 

Julv  4. 1903 

R, 

Septembers.  190:K... 

July  2,  19tW 

July  4.  1903 

R- 
G. 
R. 

August  11.  1903 

Septembers,  1903 

Julv  2.  1903 

Do 

R 
R. 
R. 
R 

September  2,  1*J03 

Do  . . .  

Julv  2,  19(X1 

September  2.  19(.»:}.... 
June  17,  1903 

R. 
R. 
R. 
R. 

R 

September  2,  1903.... 
Do 

G. 
R 

Do 

R 

Do 

G. 

June  13.  I'Jo:}  

R 

Oetoberll,  1903 

Do 

I 

October  10,  1903 

Do 

R. 

Do 

R. 

Mean 

1.012 

i 

f 
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Vertioal  velocity  meamirementi  on  riven  in  the  CaUkUl  Mountains — CJontinued. 

FISHKILL  CREEK.  GLENHAM,  N.  Y. 


Date. 


August  26,1902 

Do 

Do 

July  28,1902 

August  26, 1902 

Do 

August  11,1902 

Do 

AugUiit  26, 1902 

Do 

July  28, 1902 

August  as,  1902 

July28,1903 

Do 

Augufit  26, 1902 

July  28, 1903 

August  11,1902 

September 5, 1908  .,.. 

AugU8tll,1902 

July  28,1902 

September  5, 1908 

Do 


Mean 


Gage 
height 


Feet. 
3.04 
3.04 
3.01 
3.90 
3.04 
3.04 
3.51 
3.51 
3.04 
3.04 
3.90 
3.04 
8.56 
3.55 
8.04 
8.55 
3.51 
4.52 
3.51 
8.90 
4.52 
4.52 


Dis- 
tance 

from 
initial 
point. 


Feet. 
80 
65 
75 
90 
70 
40 
80 
65 
60 
56 
65 
45 
40 
60 
50 
50 
45 
70 
50 
45 
60 
SO 


Depth 

at 
meas- 
uring 
point. 


Feet. 
2.1 
2.2 
2.2 
2.3 
2.5 
2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3.8 
3.3 
3.4 
3.5 
3.7 
3.8 
3.9 
4 
4 


0 
1 
4.4 
5.0 


Velocity  in  feet  per 
second  by  following 
methods: 


Verti- 
cal ve- 
locity. 


0.26 
.37 
.27 
.96 
.37 
.29 
.61 
.74 
.46 
.46 
.99 
.87 
.64 
.77 
.38 
.73 
.78 
1.60 
.77 
1.07 
1.65 
1.75 


Six- 
tenths. 


0.26 
.83 
.25 
1.03 
.35 
.29 
.56 
.76 
.48 
.44 
.  99 
.37 
.63 
.77 
.38 
.70 
.70 
68 
.79 
1.04 
1.67 
1.70 


1 


Top. 


0.30 
.52 
.39 

1.08 
.49 
.32 
.85 
.97 
.56 
.56 

1.37 
.39 
.80 
.90 
.49 
.97 
.92 

1.96 
.94 

1.29 

1.81 

2.05 


Coefficients  for 

reducing  to 
mean  velocity: 


Six- 
tenths. 

Top. 

1.00 

0.87 

1.12 

.71 

1.08 

.69 

.89 

.89 

1.06 

.76 

1.00 

.91 

1.10 

.72 

.97 

.76 

.96 

.82 

1.00 

.80 

1.00 

.72 

1.00 

.95 

1.00 

.80 

1.00 

.86 

1.00 

.78 

1.04 

.75 

1.04 

.79 

l.Ol 

.82 

.98 

.82 

1.03 

.83 

.99 

.91 

1.08 

.85 

1.036 

.79 

Depth 

of 
thread 
of  mean 
veloci- 
ty (In 
percent 

of 
depth) . 


Fxt. 
60.0 
56.0 
64.0 
66.0 
56.0 
60.0 
50.0 
62.0 
66.0 
66.0 
60.0 
60.0 
60.0 
60.0 
60.0 
56.0 
65.0 
60.0 
62.0 
56.0 
62.0 
57.0 

~m!7 


Charac- 
ter of 
bed  of 

stream. 


G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 


HOUSATONIC  RIVER,  GAYL0RD8VILLE,  CONN. 


August  5, 1902 

July  24. 1903 

4.28 
6.20 

Do 

5.20 

Do 

5.20 

AugUKt6,  1902 

July  24, 1903 

4.28 
5.20 

August  20.  1902 

September  8, 1902 

June  23,  1902 

3.95 
3.45 
4.46 

Septembers,  1902.... 
July  21,  1903 

3.45 

5.20 

Augusts,  1902 

July  24,  1903 

4.28 
6.20 

June  23.  1902 

4.46 

September  19, 1902  . . . 

August  20.  1902 

July  24. 1903 

3.75 
3.95 
6.20 

June  23. 1902 

4.46 

Augusts,  1902 

July  24, 1903 

4.28 
6.20 

Do 

6.20 

June  23. 1902 

4.46 

Septembers,  1902.... 
July  24,  1903 

3.45 
5.20 

Do 

6.20 

September  15, 1903  . . . 
Do 

8.90 
3.90 

Jul  V  24,  1903 

5, -20 

Augusts.  1902.. 

Do 

4.28 
4.28 

June  23, 1902 

4.46 

July  24.  1903 

5.20 

Do 

5.20 

Do 

5.20 

Do 

5.20 

Do 

5.20 

130 

180 

160 

150 

120 

170 

100 

90 

110 

40 

140 

90 

130 

30 

40 

40 

120 

90 

40 

20 

110 

50 

70 

100 

30 

70 

60 

90 

70 

60 

70 

40 

50 

80 

60 

70 


2.1 
2.1 
2.1 
2.2 
2.5 
2.6 
2.7 
2.7 
2.8 
2.8 
2.8 
3.1 
3.1 
3.2 
3.2 
3.4 
8.6 
3.7 
3.7 
3.8 
8.8 
4.0 


4.7 
4.8 
4.9 
4.9 
5.0 
6.0 
6.4 
5.5 
6.2 
6.2 


Mean 


1.79 
.67 
3.19 
3.42 
1.30 
2.87 
2.04 
1.67 
2.22 
1.65 
3.41 
2. 21 
2.72 
1.96 
1.89 
2.08 
2.74 
2.59 
2.11 
1.79 
3.03 
2.89 
2.07 
3.36 
2.29 
2.37 
2.27 
3.05 
2.59 
2.59 
2.83 
3.00 
8.45 
3.48 
8.66 
3.60 


1.79 
.62 
8.10 
8.30 
1.27 
2.86 
1.97 
1.68 
2.19 
1.65 
3.38 
2.25 
2.W 
1.96 
1.87 
2.07 
2.76 
i.  o9 
2.03 
1.77 
2.86 
2.91 


2. 
3. 


00 
22 


2.37 
2.85 
2.26 
2.88 
2.54 
2.50 
2.86 
3.17 
3.48 
3.40 
3.70 
o.  Oo 


2.27 
.99 
3.73 
4.08 
1.64 
2.76 
2.42 
2.10 
2.54 
1.95 
3.90 
2.83 
8.82 
2.28 
2.15 
2.86 
8.61 
3.07 
2.54 
2.11 
8.85 
3.18 
2.47 
4.27 
2.36 
2.93 
2.84 
4.20 
3.05 
3.17 
3.26 
8.23 
4.08 
4.82 
4.27 
4.41 


1.00 
1.08 
1.03 
1.03 
1.02 
1.00 
1.08 
1.06 
1.01 
1.00 
1.01 

.98 
1.07 

.99 
1.01 
1.00 

.99 
1.00 
1.04 
1.00 
1.06 

.99 
1.03 
1.04 

.96 


00 

00 

06 

02 

04 

•  99 

.95 

.99 

1.02 

1.00 

1.00 


1.01 


0.79 
.68 

.85 
.84 
.79 
.86 
.84 
.80 
.87 
.86 
.87 
.78 
.71 
.86 
.88 
.8S 
.76 
.84 
.83 
.85 
.79 
.91 
.84 
.79 
.97 
.81 
.80 
.73 
.86 
.82 
.87 
.93 
.85 
.81 
.86 
.82 

.83 


60.0 
55.0 
68.0 
54.0 
58.0 
60.0 
64.0 
56.0 
57.0 
GO.O 
59.0 
61.0 
58.0 
60.0 
59.0 
59.0 
60.0 
60.0 
55.0 
60.0 
56.0 
61.0 
55.0 
55.0 
6.3.0 
GO.O 
60.0 
55.0 
57.0 
52.0 
63.0 
66.0 
61.0 
69.0 
60.0 
60.0 

58.5 


G.,  B. 

B. 

B. 

B. 
G..  B. 

B. 
G.B. 
G.,  B. 
G..  B. 

G. 

B. 
G.,B. 
G.,  B. 

G. 

G. 

G. 
G.,B. 
G.,B. 

G. 

G. 
G.,  B. 

G. 

G. 
G.,  B. 

G. 

G. 

G. 
G.,  B. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 

G. 
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ACCURACY    OF   STREAK   MEASUREMENTS. 


[XO.  96 


Vertical  velocity  measurements  on  rivers  in  the  CatskiU  ^fountains — Continaed. 

RONDOUT  CREEK.  ROSENDALE.  N.  Y. 


Date. 


AugtLst  7, 1902 

July29,  1902 

September  5,  1903 
AuKUHt21,  1902... 

Juty  18,  1902 

AugiiHt  29, 1902. . . 

Do 

Augu.st21,  1902... 
August  29,  1902... 

July  18,  1902 

August  21.  1902... 
August  29,  1902... 
September  5.  1903 
March  21,  1902... 
AuguHt7,  1902.... 

July  29. 1902 

September  5, 1903 

Do 

Do 

Do 

March  21, 1902  ... 


Mean 


Ga^e 
height. 


J^et. 
7.89 
7.40 
7.24 
6.33 
6.33 
6.33 
6.33 
6.33 
6.33 
6.33 
6.33 
6.33 
7.24 
8.07 
7.39 
7.40 
7.24 
7.24 
7.24 
7.24 
8.07 


Dis- 
tance 

from 
initial 
point. 


Fret. 
35 
35 
40 
75 
75 

•  100 
75 
85 
85 
90 
90 
90 
100 
40 
75 
75 
70 
60 
80 
90 
60 


Depth 

at 
meas- 
uring 
point. 


FeH. 
4.4 
4.5 
5.1 
5.3 
5.5 
5.5 
5.6 
5.9 
5.9 
6.0 
6.1 
6.1 
6.8 
6.4 
6.7 
6.8 
6.8 
7.2 
7.3 
7.3 
8.2 


Velocity  in  feet  per 
second  by  following 
methods: 


Verti- 
cal  ve- 
locity. 


1.26 

1.34 

1.68 

.39 

.36 

.35 

.42 

.38 

.44 

.35 

.39 

.41 

1.17 

2.42 

1.64 

1.73 

1.64 

1.73 

1.64 

1.36 

2.55 


Six- 
tenths. 


1.80 

1.40 

1.67 

.40 

.85 

.87 

.44 

.38 

-.44 

.33 

.87 

.41 

1.22 

2.46 

1.66 

1.76 

1.66 

1.82 

1.70 

1.41 

2.65 


Top. 


1.45 

1.49 

1.77 

.49 

.44 

.39 

.51 

.50 

.51 

.44 

.49 

.48 

1.49 

2.73 

2.15 

2.18 

2.15 

1.96 

1.91 

1.68 

2.80 


Coefficients  for 

reducing  to 
mean  velocity: 


Depth 

of 
thread 


Six- 
ten  tbs. 


0.97 

.96 

1.00 

1.00 

1.00 

.95 

.  9b 

1.00 

1.00 

1.06 

1.06 

1.00 

.96 

.98 

.  99 

.99 

.99 

.95 

.97 

.97 

.97 


Top. 


•  veloci- 
!  ty  (in 
tperoent 

of 
depth). 


Charac- 
ter of 
bed  of 

stream. 


.987 


0.87 
.90 
.95 
.80 
.82 
.90 
.82 
.76 
.86 
.79 
.80 
.85 
.79 
.89 
.77 
.79 
.76 
.88 
.86 
.83 
.91 

.84 


Ploet. 
66. 0 
65.0 
60.0 
61.0 
58.0 
67.0 
62.0 
60.0 
60.0 
53.0 
55.0 
60.0 
63.0 
60.0 
61.0 
61.0 
61.0 
68.0 
65.0 
63.0 
61.0 


B. 
B. 
B, 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 
B. 


61.4 


SCHOHARIE  CREEK,  PRATTSVILI^E,  N.  Y. 


June  4,  1903 

4.?2 
5.02 
5.02 
6.29 
5.9S 
6.29 
5.02 
5.98 
6.29 
5.98 
7.02 

12 
40 
30 
60 
50 
40 
20 
80 
30 
20 
.    40 

1.1 
4.2 
4.7 
4.8 
5.0 
5.2 
5.6 
5.7 
5.8 
6.3 
6.6 

1.42 

.52 

.64 

1.59 

1.66 

2.07 

.56 

1.98 

2.28 

1.78 

3.20 

1.42 

.5;i 

.63 
1.60 
1.66 
2.06 

.53 
1.96 
2.22 
1.72 
3.05 

1.77 

.68 

.83 

1.78 

2.03 

2.55 

.76 

2.43 

2.76 

2.31 

4.22 

1.00 
.9S 
1.02 
.99 
1.00 
1.01 
1.05 
1.01 
1.02 
1.03 
1.05 

1.014 

0.80 
.77 
.77 
.89 
.82 
.81 
.74 
.81 
.83 
.77 
.76 

60.0 
60.0 
60.0 
60.0 
60.0 
60.0 
SO.O 
69.0 
58.0 
57.0 
57.0 

J?. 

May  15. 1903 

S. 

Do 

s. 

August  26,  1903 

June  30,  1903 

s. 
s. 

August -26,  1903 

May  15,  1903 

p. 

June  30.  1903 

s. 

August  26,  1903 

June  30, 1903 

August  30,  1903 

s, 
s. 

s. 

Mean 

.7974^ 

58.3 

1 

1 

TENMILK  KIVI':R,  DOVER  PLAINS,  N.  Y. 


August  4, 1902 

Do 

4.69 
4.69 

Do 

4.69 

Do 

4.69 

July  23, 1903 

6.  IS 

St'ptemberl4.1W3 

August  4, 1902 

August  19. 1902 

July  2;J,  190;^ 

■I.SS 
4.69 
4.2S 
6.  IS 

Do 

6.  IS 

October  2, 1'KTi 

September  2, 1902 

August  4, 1902 

August  19.1902 

August  4. 1902 

July23,1903 

"Do 

5.  SO 
3.95 
4.69 
4.48 
4.69 

6.  IS 
6.  IS 

September  2, 1902 

August  4, 1902 

August  19. 1902 

September  ll.UK)3 

August  4, 1902 

July  23  1903.. 

3. 9:> 
4.69 
4.2S 

4.NS 
1.69 
6.  IS 

Do 

6.18 

August  4, 1902 

4.69 

11 

1.8 

0.46 

0.46 

35 

2.2 

1.26 

1.23 

40 

2.4 

1.21 

1.20 

45 

2.8 

1.24 

1.24 

10 

3.0 

1.10 

1.12 

.'>5 

3.0 

1.10 

1.08 

15 

3.1 

.66 

.72 

50 

3.4 

.64 

.&! 

35 

3.4 

1.98 

1.98 

40 

3.5 

1.97 

2.05 

40 

3.6 

1.7i 

1.69 

55 

3.7 

.24 

.25 

22 

3.8 

.88 

.91 

55 

3.8 

.51 

.51 

50 

3.9 

1.14 

1.13 

50 

3.9 

1.94 

2.02 

45 

4.0 

1.79 

1.88 

20 

4.1 

.60 

.60 

r»5 

4.2 

.96 

.96 

20 

4.2 

.70 

.74 

25 

4.2 

1.11 

1.06 

30 

4.3 

1.07 

1.05 

55 

4.3 

1.94 

1.93 

15 

4.4 

1.53 

1.57 

20 

4.7 

.82 

.86 

0.67 

1.00 

0.69 

60.0 

1.43 

1.02 

.88 

.•58.0 

1.45 

1.00 

.83 

60.0 

1.36 

1.00 

.91 

60.0 

1 

1.38 

.98 

.80 

62.0 

1.30 

1.02 

.K5 

55.0 

.84 

.92 

.79 

66.0 

.66 

1.00 

.97 

60.0 

2.13 

1,00 

.93 

60.0 

2. 12 

.96 

.93 

62.0 

2.03 

1.03 

.86 

55.0 

.24 

.96 

1.00 

65.0 

.99 

.97 

.89 

65.0 

1 

.51 

1.00 

1.00 

60.0 

1.27 

1.00 

.90 

60.0 

2.13 

.96 

.91 

67.0 

2.26 

.95 

.79 

6:^0 

.74 

1.00 

.81 

60.0 

1.04 

1.00 

.92 

60.0 

.79 

.95 

.88 

66.0 

1.42 

1.06 

.78 

55.0  1 

1.33 

1.02 

.SO 

58.0 

1.98 

1.00 

.98 

60.0 

1.75 

.98 

.87 

61.0 

.88 

.96 

.93 

70.0 

B. 
R. 
R. 

R..R 


S. 
S. 
S, 
K. 
S. 

S. 

S. 

s. 

R 

S. 
B. 
S. 
S. 


s. 
s. 

B. 
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Vertical  velocity  measurements  on  rivers  in  the  QiiskiU  Mounlains — Continued. 
TENMILE  RIVKR,  DOVER  PLAINS,  N.  Y.— Continued. 


Date. 


July  23,1903... 
August'],  J  902. 
October  2, 1902 
July  23, 1903... 

Do 

October  2, 1902 

Do 

July  21,1902... 


Mean 


Gage 
height. 


Feet. 
6.18 
4.69 
5.80 
6.18 
6.18 
5.80 
5.80 
7.18 


Dis- 
tance 

from 
initial 
point. 


Feet. 
80 
60 
50 
20 
25 
20 
60 
25 


Depth 

at 
meas- 
uring 
point. 


Feet. 
4.8 
5.0 
5.8 
6.3 
6.3 
5.9 
6.0 
7.3 


Velocity  in  feet  per 
second  by  following 
methods: 


Verti- 
cal ve- 
locity. 


1.81 

.67 

1.75 

i.n 

1.76 
1.36 
1.60 
2.15 


Six- 
tenths. 


August  28,  19<»2 

Do 

September  18, 1902  . . 

Do 

Augu.st  16, 1902 

June  6.  1902 

Mhv13,1902 

August  15, 1902 

August  6, 1902 

IKj 

August  28, 1902 

May  1,1902 

.'M'plemiier  18, 1902  .. 

August  1.3, 19a} 

Do 

September  18, 1902. . . 

.August  15. 1902 

May  1,1902 

June  19, 1902 

September  18, 1902. . . 

May  1,1902 

Do 

Do 

Do 

Do 

May  13,1902 

Do 

June  6, 1902 

Do 

August  15, 1908 

August  15, 1902 . . , 

June  6,  1902 

May  1,1902 

June  16.  1908 

May  1,1902 , 

Do 


Do 

Do 

Do 

Do 

Do 

Do 

Do 

June  16, 1903.. 
May  1,1902.... 
June  16,  1903.. 
>f  arch  24, 1903 
June  16,  1908.. 

Do 

Do 

Do..: 

Do 


5.86 

5.86 

6.96 

5.96 

6.72 

6.40 

6.68 

6.72 

7.98 

7.98 

5.86 

10.60 

5.96 

7.85 

7.85 

5.96 

6.72 

10.60 

6.18 

5.96 

10.52 

10.52 

10.46 

10.46 

10.46 

6.68 

6.68 

6.40 

6.40 

7.85 

6.72 

6.40 

10.38 

15.36 

10.38 

10.24 

10.24 

10.24 

10.24 

10.24 

10.16 

10.16 

10.16 

15.86 

10.16 

15.36 

14.95 

15.36 

15.36 

16.86 

15.36 

15.36 


40 

46 

40 

50 

30 

40 

45 

40 

80 

40 

75 

26 

75 

40 

50 

90 

76 

30 

105 

110 

40 

45 

50 

55 

60 

105 

120 

110 

120 

90 

110 

116 

65 

20 

70 

75 

90 

80 

85 

96 

100 

105 

110 

60 

115 

70 

80 

80 

90 

100 

120 

110 


Mean 


3.3 

3.3 

3.4 

3.4 

3.6 

3.8 

4.0 

4.0 

5.2 

5.6 

5.7 

5.8 

5.8 

5.8 

5.9 

6.2 

6.6 

7.6 

7.6 

7.7 

7.8 

8.0 

8.0 

8.0 

8.2 

8.2 

8.2 

8.2 

8.2 

8.3 

8.4 

8.6 

9.4 

9.7 

10.4 

10.4 

10.6 

10.8 

10.8 

11.0 

11.2 

11.8 

11.8 

11.8 

12.4 

18.4 

15.0 

15.3 

16.8 

16.3 

16.4 

17.3 


0.32 

.31 

.39 

.41 

.63 

.73 

.96 

.96 

1.19 

1.70 

.37 

2.08 

.46 

1.70 

1.61 

.43 

1.05 

2.19 

.57 

.53 

2.81 

2.77 

2.74 

2.40 

1.97 

1.04 

.87 

.81 

.18 

1.78 

1.12 

.65 

2.00 

8.07 

2.69 

2.59 

2.61 

2.60 

2.68 

2.68 

2.74 

2.86 

8.00 

4.16 

2.84 

4.15 

4.05 

4.40 

4.41 

4.54 

4.06 

4.72 


0.32 

.32 

.42 

.46 

.62 

.72 

.98 

.97 

1. 16 

1.70 

.42 

2. 24 

.50 

1.78 

1.66 

.43 

1.05 

2.22 

.62 

.60 

2.92 

2.79 

2.76 

2.48 

2.02 

1.04 

.42- 

.80 

.19 

1.79 

1.12 

.53 

1.83 

3.a5 

2.59 

2.57 

2.60 

2.70 

2.69 

2.68 

2.78 

2.96 

3.09 

4.17 

2.92 

4.18 

4.08 

4.60 

4.44 

4.66 

3.97 

4.80 


Coefficients  for 

reducing  to 
mean  velocity: 


Six- 
tenths. 


1.00 
.97 


1.03 
1.00 
1.04 
1.00 
.97 
.99 


.992 


WALLKILL  RIVER,  NEWPALTZ,  N.  Y. 


Top. 


0.92 
.97 
.90 

.87 

.85 

.84 

1.03 

.88 


0.34 

1.00 

0.94 

.33 

.97 

.»4 

.43 

.93 

.91 

.41 

.89 

1.00 

.76 

1.01 

.83 

.84 

1.01 

.87 

1.09 

.98 

.88 

1.08 

.99 

.85 

1.68 

1.03 

.78 

1.91 

1.00 

.89 

.40 

.88 

.92 

2.41 

.93 

.86 

.51 

.92 

.90 

1.70 

.96 

1.00 

1.68 

.97 

.96 

.5(5 

1.00 

.77 

1.22 

1.00 

.86 

2.62 

.99 

.87 

.63 

.92 

.91 

.46 

.88 

1.16 

2.78 

.97 

1.01 

2.86 

.99 

.97 

2.88 

.99 

.95 

2.96 

.97 

.81 

2.98 

.98 

.66 

1.09 

1.00 

.95 

.38 

.88 

.97 

.93 

1.01 

.87 

.19 

.99 

.95 

2.10 

1.00 

.86 

1.17 

1.00 

0.96 

.69 

1.01 

.m 

3.02 

1.09 

.66 

3.11 

1.01 

.98 

3.05 

1.00 

.85 

8.02 

1.01 

.86 

2.98 

1.00 

.87 

8.02 

.96 

.86 

8.10 

1.00 

.87 

3.05 

1.00 

.88 

8.02 

.98 

.91 

8.10 

.96 

.92 

2.98 

.97 

1.01 

4.87 

.99 

.96 

2.90 

.97 

.98 

4.56 

.99 

.91 

4.20 

.99 

.96 

4.56 

.98 

.96 

4.61 

.99 

.96 

4.84 

1.00 

.94 

4.65 

1.02 

.87 

5.03  1 

.98 

.94 

Depth 

of 
thread 
ofmean 
veloci- 
ty (in- 
percent 

of 
depth). 


Feet. 
69.0 
65.0 
58.0 
60.0 
56.0 
60.0 
67.0 
63.0 


60.9 


Charac- 
ter of 
bed  of 

stream. 


S. 
S. 
8. 
S. 
8. 
B. 
S. 
S. 


98 


.846 


60.0 

S. 

65.0 

s. 

66.0 

8. 

74.0 

S. 

59.0 

S. 

65.0 

8. 

65.0 

S. 

65.0 

S. 

56.0 

S. 

60.0 

S. 

74.0 

8. 

66.0 

S. 

76.0 

S. 

68.0 

8. 

68.0 

S. 

60.0 

S. 

60.0 

s. 

62.0 

8. 

68.0 

8. 

79.0 

8. 

72.0 

8. 

64.0 

8. 

6.1.0 

S. 

65.0 

S. 

62.0 

8. 

60.0 

8. 

69.0 

8. 

60.0 

8. 

70.0 

8. 

60.0 

8. 

60.0 

S. 

65.0 

8. 

66.0 

S. 

59.0 

S. 

60.0 

S. 

59.0 

8. 

60.0 

S. 

67.0 

8. 

60.0 

8. 

60.0 

S. 

62.0 

8. 

68.0 

8. 

75.0 

8. 

61.0 

8. 

69.0 

8. 

61.0 

8. 

64.0 

8. 

67.0 

8. 

61.0 

8. 

60.0 

S. 

57.0 

8. 

62.0 

8. 

63.7 

1 
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Iso. ». 


} 

enirai  *^tort 

ly  TneivfUTtintru-^  un  rivers  tr 
WAPPINGER  CREEK,  WAl 

»PINC 

fe 

roi 

R  FALLS,  N.  Y 

• 

/«ji 

[J14L 

lUC^J 

L. 

Date. 

1 
Dis- 

A ^_„ 

Depth 

at 
meas- 
uring 
point. 

Feet. 
2.5 
2.8 
2.8 
3.0 
8.2 
3.2 
8.4 
8.4 
3.5 
3.7 
3.7 
3.8 
3.8 
4.0 
4.5 
4.5 
4.7 

Velocity  in 
second  by  1 
methods: 

et   per 
lowing 

Coefficients  for 

reducing  to 
mean  velocity: 

Def>th 

of 
thread 
ofmcAn 
veloci- 
ty (in 
percent 

of 
depths 

ter    i 
stream.. 

Gage  : 
height. ' 

lAUCU 

from 
initial 
point. 

Verti- 
ca\  ve- 
locity. 

Six- 
tenths. 

Top. 

Six- 
tenth.«». 

Top. 

Julv7,  l9oa 

Feet. 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
2.35 
1.70 
1.70 
1.70 
2.35 
1.70 
2.35 
2.35 
1.70 

FM. 
55 
15 
20 
25 
10 
30 

a5 

40 
20 
70 

80 

30 
75 
60 
80 
65 

1.84 
.96 
1.24 
1.39 
.58 
1.46 
1.69 
1.36 
1.76 
1.19 
1.33 
1.61 
2.11 
1.62 
1.97 
1.67 
1.24 

1.82 
.93 
1.19 
1.38 
.52 
1.46 
1.67 
1.42 
1.74 
1.08 
1.25 
1.58 
2.0:? 
1.52 
1.93 
1.59 
1.17 

2.03 
1.34 
1.66 
1.86 
1.02 
1.89 
2.05 
1.42 
2.17 
1.84 
1.84 
1.% 
!      2. 57 
1.81 
2.43 
2.29 
1.66 

1.01 
1.03 
1.01 
1.00 
1.11 
1.00 

,    Frfl. 
0.91            60.0  , 
.  72     i       59. 0 

.  75            .58. 0 
.75           60. 0 

^ 

«» 

Do  - 

Do 

j»_ 

Do 

S 

Do 

.67 

52.0 

^ 

Do 

.77         eo.o 

S- 

Do 

1.01  '      .82           &9.0 
.96         .96           65.0 

Do 

Septembers,  1903 

Julv  7,  l«o:< 

1.01 
1.10 
1.06 
1.01 
l.W 
1.00 
1.02 

i.as 

1.06 

.81 
.65 

59.0 
55.0 

Do  . 

.72            M.  0 

.  82            58. 0 
.  82            h\  0 
.M           60.0 
.  81             .>  0 
.  73           r»5. 0 
.75           55.0 

W 

Do 

S. 

8eptemt)er  3,  1903 .... 
Julv  7  190;i 

September  3.  1903 .... 
Do 

July  7. 1 

903 

5 

Ban 

-- 

57.8 

M< 

L03 

.777 

SUMMi^ 
[Legend:  Sm= smooth,  R= rough,  M  = 

.RY. 

= medium.  Sh=8hallow.  D=deep.l 

• 

on 

a 
1 

♦J 

a 

River. 

Location. 

• 

S 
a 

o 

a 

J    0 

id 

si 

c  r 

1.020 
1.023 

1.018 

.999 
1.012 
1.036 
1.010 

.987 
1.014 

.992 

.9S0 
L030 

C  t,  c 

>  i^ 

^    >     = 

Chmra.  r.  • 

of  b*- 1  I  -! 

rivcT 

Ftd. 
2-1 

CatskillCree 
Deiuware  R 

k 

South  Cairo.  NY 

0.577 
.590 

.680 

.617 
.577 
.687 
.585 
.614 
.583 
.609 
.637 
.578 

0.830 

47 

Sm 

M 

'2-h 

ivcr    (i^fmt. 

Hancock. ' 

N.  Y 

.  816            6        R- 

>iL 

1.5-4 

branch ). 
Delaware  Rlvi»r  /wfst 

>  •  •  • 

Kii 

,do .... 

.831         12 

R. 
M. 

SiL 

2-14 

branch). 

Rsopus  Creel 

do 

i 

rifirston.N.  Y 

.875 
.894 
.790 
.830 
.MO 
.797 
.884 

53 
68 

r 

1-5 

Olivebridge.  N.  Y . 

^h 

2-5 

Fishkill  Cre« 
Hoosatonic  I 
Rondout  Cre 
Schoharie  Ti 
Tenmile  Riv 
Wallkill  Riv 
Wappinger  C 

Mean 

•k 

(tlenham, 
Gaylordsv 
R(^>ndale 
Prattsvilk 
Dover  Pla 

N.  Y.... 

•22  1    M 
36       M 
21  i     R^ 

^K 

2-6 

tiver 

ille.  Con 
,  N.Y... 

n  — 

M 

4-8 

ek 

M 

4-6 

■oek 

',  N.  Y  . . 

11 

Sm 

M 

Sm 

M 

2-7 

er 

Ihh.  NY 

^.y!. 

\ 

3-17 

er 

Newpaltz.  N. Y... 

Wappinger  Falls,  1 

.846          .S2 

I.      r 

2-5 

!reek 

.777  ,       17  i  ftm.       ."i": 

37M 

.595 

1.010 

.834 

«From  the  curve. 

b Meter  held  as  near  the  surface  as  possible,  and  not  affected  by  wind,  etc 


MEASUREMENTS  ON  ICE-COVERED  RIVERS. 

It  was  found  necessary  by  T.  H.  Tillingha-st  and  W.  W.  Schleihu 
hydro^raphei*s,  in  computing  the  discharges  of  the  rivers  in  the  Cjit> 
kill  Mountains  in  the  winters  of  1901-2  and  1902-3,  to  study  thoir 
velocities  under  ice  and  (1)  to  ascertain  the  effect  of  the  ice  eoverini 
upon  the  vertical  distribution  of  velocities,  especially  upon  the  position 
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of  the  point  of  mean  velocity,  (2)  to  discover  its  effect  upon  the  dis- 
charge of  the  stream,  and  (3)  to  learn  how  to  adjust  the  gage  heights 
and  to  compute  the  data  obtained  under  ice,  so  as  to  obtain  the  most 
accumte  results. 

Only  three  of  the  streams  under  consideration  remain  frozen  for 
any  great  length  of  time;  these  are  the  Wallkill,  the  Esopus,  and  the 
Rondout.  The  Wallkill  is  a  deep  river,  with  easy  slopes  and  smooth 
bed;  the  Rondout  is  of  medium  depth,  greater  slope,  and  rough  bed; 
while  the  Esopus  is  shallow,  with  a  bed  partly  smooth  and  partly 
rough.     Of  these  three  special  studies  were  made. 

Observations  were  taken  with  a  Price  current  meter,  which  was 
lowered  through  holes  cut  in  the  ice  at  regular  distances  across  the 
stream.  Velocities  were  obtained  in  ten  or  more  points  in  the  vertical, 
and  were  plotted  on  cross-section  paper,  the  depths  as  ordinates  and 
the  velocities  as  abscissas.  The  total  depth  at  each  station  was  meas- 
ured from  the  under  surface  of  the  ice  to  the  bed  of  the  stream.  The 
gage  height  was  taken  at  the  top  of  the  ice,  and  the  thickness  of  the 
ice  in  all  cases  recorded. 

After  plotting  the  depths  and  velocities,  a  curve  was  drawn  through 
the  points  and  divided  into  ten  equal  parts.  The  center  velocities  of 
each  part,  taken  from  the  curve,  added  and  divided  by  10,  gave  the 
mean  velocity  in  that  section. 

When  the  holes  were  cut  the  water  rose  nearly  flush  with  the  sur- 
face of  the  ice,  showing  that  it  was  flowing  under  pressure.  A  study 
of  the  tables  and  curves  showed  that  the  flow  of  water  under  such 
conditions  was  somewhat  similar  to  its  flow  in  pipes  and  in  closed 
flumes.  The  mean  velocity  occurred  at  two  points  in  the  vertical,  the 
average  of  83  curves  being  0.11  depth  and  0.71  depth;  the  maximum 
velocity  occurring  at  0.36  depth.  The  curves  dragged  more  for  shal- 
low depths  and  became  more  concave,  and  consequently  the  error  of 
observation  increased  if  the  meter  was  not  held  at  the  proper  point  in 
the  vertical  depth. 

The  reading  of  the  gage  is  an  important  factor  in  computing  the 
flow  of  rivers  during  the  time  they  are  frozen  over.  In  these  obser- 
vations the  gage  was  always  read  at  the  surface  of  the  water  as  it 
stood  in  a  hole  cut  in  the  ice,  this  being  practically  at  the  top  of  the 
ice  in  all  cases. 

It  was  at  first  thought  that  by  subtracting  the  thickness  of  the  ice  from 
the  gtige  readings  the  regular  open-channel  discharge  rating  table  might 
be  used.  It  was  found,  however,  that  both  the  friction  of  the  water 
on  the  ice  and  the  head  on  the  water  itself,  varied  greatly,  the  former 
with  the  quantity  of  tilted,  broken,  and  anchor  ice,  and  the  latter  with 
the  thickness  of  the  ice  and  the  freezing  and  thawing  of  the  upper 
stream,  and  thus  so  complicated  the  problem  as  to  render  the  error  of 
this  method  far  too  great.  It  was  found  to  be  more  accurate  and  satisfac- 
tory to  treat  ice-closed  rivers  as  a  separate  problem  than  to  attempt 
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to  adjust  the  thickness  of  ice  to  the  gage  heights  and  apply  them  to  the 
open-channel  i*ating  tables.  Accordingly  special  tables  were  computed 
for  use  on  the  three  streams  in  question  when  ice  covered. 

From  the  summary  it  appears  that — 

(1)  The  maximum  velocity  occurs  at  a  point  between  35  per  cent  and 
40  per  cent  of  the  total  depth,  as  measured  from  the  under  surface  of 
the  ice;  (2)  the  mean  velocity  occurs  at  two  points  in  the  verticaL 
namely,  from  0.08  to  0.13,  and  from  0.68  to  0.74  of  the  depth,  meas- 
ured from  the  under  surface  of  the  ice;  (3)  the  depth  of  the  stream 
has  more  effect  on  the  point  of  mean  velocity  than  the  slope  velocity, 
or  the  roughness  of  bed,  this  being  probably  due  to  the  relation  of 
wetted  perimeter  to  cross  section;  (4)  the  vertical  velocity  cunc 
becomes  more  concave  as  the  river  rises,  this  being  due  to  the  increasfni 
head;  (5)  in  gaging  streams  under  ice,  measurements  should  be  made 
by  the  vertical-velocity-cui*ve  method,  or  by  the  integration  method. 


Vertical  velocity  measurements  on  ice-covered  streams  in  the  CatskiU  Mountains. 

WALLKILL  RIVER,  NEWPALTZ,  N.  Y. 
[By  F.  H.  Tillinghast.] 


Gage 
heighl, 

read 
to  top 
of  iee. 


11.2 


10.9 


Date. 


7.1 


8.86 


January  7,  1903 

Do 

Do 

Do 

February  10, 1903.. 

Do.: 

Do 

Do 

Do 

February  24,  1903  . . 

Do 

Do 

Do 

February  26,  1903  . . 

Do 


DiK- 

taiice 

from 

initial 

point. 


Do 
Do 
Do 
Do 
Do 


Mean 


Feet. 

60 

80 

90 

110 

26 

40 

60 

80 

110 

60 

70 

86 

90 

26 

40 

60 

80 

100 

110 

120 


Depth 

from 

under 

surface 

of  ice. 


Fed. 

6.8 

10.3 

10.8 

12.8 

4.8 

8.0 

6.0 

9.6 

11.8 

8.8 

4.4 

6.8 

7.4 

4.0 

6.8 

4.2 

7.8 

9.2 

10.6 

7.9 


Thiek- 

neBR 

of  ice. 


Inches. 

9 

9 

9 

9 

16 

12 

12 

12 

12 

6 

6 

6 

6 

14 

14 

12 

12 

12 

8 

7 


Mean 
veloc- 
ity. 


2.31 
2.67 
2.40 
2.48 
1.29 
2.26 
2.18 
2.53 
2.60 
1.42 
1.66 
1.60 
1.60 

.59 
1.20 
1.11 
1.43 
1.41 
1.94 

.68 


Depth  of 

mean 
velooitv. 


0.04 
.08 
.11 
.15 
.05 
.25 
.09 
.09 
.11 
.08 
.08 
.10 
.13 
.10 
.07 
.07 
.10 
.10 
.30 
.20 

.12 


Maxi- 
mum 
veloc- 
ity. 


0.59 
.6S 
.70 
.85 
.65 
.80 
.68 
.69 
.78 
.64 
.71 
.68 
.77 
.65 
.72 
.67 
.72 
.70 
.77 
.78 


.71 


2.7K 
2.96 
2.71 
2.82 
1.45 
2.47 
2.63 
2.86 
3.02 
1.91 
1.96 
1.84 
1.72 

.76 
1.42 
1.64 
1.70 
1.68 
2.10 

.81 


DepUi 
of 

Cn-fP- 

citTil 

to 

maxi- 

a 

ri"*! '{■"•* 

muDi- 

Teloc- 

maxi 
muint< 

0,35 

o.c. 

.35 

_  *" 

.35 

^ 

.35 

.  V 

.AS 

''V 

.45 

.*.i 

.35 

.^' 

.85 

1        N* 

.45 

!       .'*" 

.35 

'          .T' 

.35 

.•:? 

.45 

>: 

.       .46 

>: 

.35 

.> 

.25 

.V 

.35 

-3 

.35 

M 

.35 

M 

.66 

je 

.45 

"4 

[By  W.  W.  Schlecht] 


Deoemlx?r  11,  1901 

Do 

Do 

Do 

January  21, 1902.. 

Do 

Do 

Do 

January  23, 1902. . 

Do 

Do 

Do 

Do 


85 
75 
53 
40 
50 
80 
90 
100 
40 
50 
60 
70 


11.6 

11.6 

9.2 

9.0 

3.4 

6.8 

6.6 

7.8 

14.0 

15.0 

14.0 

16.0 

17.0 


0.7 

.7 

.7 

.4 

1.2 

1.0 

1.0 

1.0 

1.4 

1.0 

.8 

.8 

.7 


2.61 

0.150 

0.740 

3.13 

2.64 

.170 

.740 

3.22 

2.48 

.280 

.860 

2.75 

2.49 

.140 

.750 

2.89 

.81 

.090 

.730 

.95 

1.01 

.130 

.720 

1.20 

1.01 

.120 

.720 

1.25 

1.08 

.120 

.730 

1.27 

3.13 

.170 

.800 

3.61 

3.63 

.170 

.WO 

4.00 

4.02 

.KW 

.800 

4.29 

4.02 

.120 

.820 

4,87 

3.96 

.090 

.750 

1.31 

38 


0.350 
.350  ; 
.550 
.450 
.350 
.350 
.350  j 
.350  I 
-450  . 
.450 
.350 
.a'W 
.450 


.N> 


II  >. 
». « 

_  w 

v.. 


jy* 
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V^ertical  velocity  measurements  on  ice-covered  streams  in  the  Caiskill  Mountains — Cont'd. 

WALLKILL  RIVER,  NEWPALTZ,  N.  Y.— ConUnued. 


Gage 
height, 

read 
to  top 
of  ice. 


Date. 


January  23, 1902. . . , 

Do 

Do 

January  31, 1902.... 

Do 

Do 

Do 

Do 

February  10, 1902. . , 

Do 

February  24, 1902.. 

Do 

Do 


Mean 


Dis- 
tance 

from 

Initial 

point. 


Feet. 

90 

100 

110 

40 

70 

80 

90 

100 

80 

90 

90 

80 

40 


Depth 

from 

under 

surface 

of  ice. 


Fsd. 

17.0 

18.9 

19.0 

5.8 

7.8 

7.8 

9.0 

10.8 

6.5 

7.5 

6.0 

5.8 

3.5 


Thick- 
ness 
of  ice. 


Inches. 
0.7 
.8 
.8 
1.0 
1.0 
1.0 
1.0 
1.2 
1.0 
1.0 
2.0 
2.0 
2.4 


Mean 
veloc- 
ity. 


8.98 

8.89 

3.73 

1.52 

2.06 

2.14 

2.09 

2.24 

1.42 

1.42 

.85 

.84 

.51 


Depth  of 

mean 
velocity. 


0.070 
.160 
.160 
.150 
.090 
.110 
.100 
.140 
.150 
.090 
.080 
.ISO 
.110 


0.700 
.850 
.760 
.740 
.680 
.720 
.690 
.760 
.710 
.640 
.670 
.740 
.700 


.131 


I 


744 


Maxi- 
mum 
veloc- 
ity. 


4.86 
4.20 
4.18 
1.73 
2.44 
2.44 
2.46 
2.48 
1.65 
l.?2 
1.04 
1.00 
.62 


Depth 

of 
maxi- 
mum 
veloc- 
ity. 


0.850 
.450 
.450 
.350 
.350 
.360 
.360 
.450 
.850 
.350 
.250 
.350 
.350 


,  Ooeffl- 
!  cient 
I      to 
i  reduce 
I  maxi- 
mum to 
mean. 


.385 


0.900 
.920 
.890 
.880 
.850 
.870 
.850 
.900 
.860 
.820 
.820 
.840 
.820 


.865 


ESOPUS  CREEK,  KINGSTON,  N.  Y. 
[By  F.  H.  Tillinghast.] 


6.60 


6. 90 


7.1 


December  11, 1902. 

Do 

Do 

Do 

Do 

Do 

Do 

January  14,1908.. 

Do 

Do 

Do 

February  24, 1908. 

Do 

Do 

Do 

Do 


Mean 


25 
30 
40 
50 
60 
80 

100 
55 
70 
90 

105 
60 
70 
85 
90 

100 


2.2 
3.0 
4.0 
8.2 


3. 
7. 
6. 


2.9 
3.6 
7.1 
4.0 
3.8 
4.4 
6.8 
7.4 
6.1 


T 


0.57 

0.11 

0.68 

0.87 

0.45 

.87 

.07 

.73 

1.10 

.35 

1.13 

.08 

.65 

1.40 

.35 

1.21 

.07 

.65 

1.64 

.35 

1.24 

.08 

.65 

1.54 

.35 

1.28 

.07 

.78 

1.55 

.25 

1.06 

.07 

.68 

1.28 

.35 

1.08 

.07 

.60 

1.32 

.25 

1.06 

.06 

.72 

1.32 

.25 

1.01 

.05 

.62 

1.22 

.25 

.90 

.11 

.78 

1.17 

.56 

5 

1.40 

.08 

.66 

1.91 

.35 

5 

1.51 

.08 

.70 

1.96 

.35 

5 

1.60 

.12 

.67 

1.84 

.45 

5 

1.50 

.12 

.72 

l.?2 

.15 

5 

1.40 

.08 
.08 

.66 
.68 

1.68 

.15 

.86 

[By  W.  W.  8chlecht.l 


December  4, 1901 

Do 

January  9, 1902 

Do 

Do 

Febniary  20,1902.... 

Do 

February  28, 1902 . . . . 


Mean 


90 
100 
80 
90 
100 
80 
90 
40 


6.8 
5.0 
6.6 
8.0 
6.0 
5.7 
6.4 
6.0 


0.05 
.20 
.10 
.10 
.10 
.10 
.20 
.30 


0.89 

.95 

1.39 

1.15 

1.20 

.88 

.83 

2.58 


0.200 
.080 
.150 
.080 
.160 
.110 
.060 
.080 


115 


V78 
.76 
.75 
.69 
.80 
.78 
.68 
.65 


1.10 
1.06 
1.63 
1.40 
1.38 
.95 
1.01 
3.08 


73 


0.560 
.450 
.850 
.250 
.360 
.860 
.350 
.850 


876 


0.66 
.79 
.81 
.74 
.80 
.83 
.83 
.82 
.82 
.83 
.77 
.74 
.77 
.87 
.87 
.84 


.80 


0.810 
.880 
.910 
.820 
.900 
.870 
.820 
.840 


.866 


RONDOCT  CREEK,  ROSENDALE.  N.  Y. 
[By  F.  H.  Tlllinghast.] 


8.50 
7.90 

February  23, 1908 

February  25, 1908.... 
Do 

20 
20 
70 
80 
90 

5.0 
4.4 
7.0 
7.6 
7.6 

8 
6 
7 
6 
6 

1.45 
.83 
1.60 
1.65 
1.46 

0.10 
.06 
.06 
.11 

0.68 
.65 
.68 
.68 
.74 

1.86 
.97 
1.98 
1.91 
1.75 

0.85 
.25 
.25 
.45 
.45 

0.78 
.86 
.78 

Do 

.86 

Do 

.88 

Mean 

.06 

.68 

.85 

.82 

IBB  95—04 11 
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Vertical  velocity  meajmremetits  on  ice-covered  gtreams  in  the  CcUskill  Mouniauu — Goofd. 

RONDOUT  GREEK,  R08ENDALE,  N.  Y.— GooUnued. 
[By  W.  W.  Schlecht] 


Gaxe 

beiilit, 

read 

to  top 

of  ice. 


Date. 


Dis- 
tance 
from 
initial 
point. 


December  6, 1901 . 

Do 

January  14, 1902 . . 

Do 

February  26, 1902. 

Do 

Do 

Do 


Mean 


Feel. 
80 
90 
80 
90 
92 
92 
80 
40 


Depth 

from 

Thick- 

Mean 

under 

ness 

veloc- 

surface 

of  ice. 

ity. 

of  ice. 

Fea. 

Jneha. 

6.1 

0.1 

0.66 

6.4 

.2 

.58 

6.S 

.2 

1.24 

6.8 

.2 

1.14 

6.2 

1.5 

1.29 

6.6 

1.4 

1.64 

6.4 

1.6 

1.51 

5.4 

1.0 

1.51 

Depth  of 

mean 
velocity. 


0.13 
.11 
.22 
.16 
.18 
.05 
.09 
.15 

.18 


mum 
veloc- 
ity. 


Depth 


mom 
veloc- 
ity. 


Cbeft- 
deel 

tG 

nsdocr 


0.690 

0.76 

.630 

.68 

.810 

1.47 

.720 

1.27 

.720 

1.58 

.670 

2.02 

.700 

L68 

.750 

1.67 

.711 



0lS5 

.45  ' 
36 

.»l 
.35 

.85 


.35 


SUMMARY. 


Stream. 


Wallkllla. 
Wallkill6. 
Esopusa... 
Esopusfr. . . 
Rondouta. 
Rondoutb. 


Mean. 


Depth  from 
under  sur- 
face of  ice. 


Feet 

4  to  12 

4  to  19 

2.2  to  7.4 

5to8 

4to8 

6to7 


Num- 
ber of 
meas- 
ure- 
ments. 


20 

26 

16 

8 

5 

8 


Depth  of  mean 
velocity. 


0.12 
.13 
.08 
.11 
.08 
.18 


.11 


0.71 
.74 
.68 
.73 
.68 
.71 


.71 


Maxi- 
mum 
veloc- 
ity. 


Depth 

of 
maxj- 
mam 
veloe- 

Ity. 


GdeA*  t 
cient    '  . 

redoes?  .=  i 


0.38 
.38 
.36 
.87 
.35 
.35 


36 


tor 
mean  z 


.86       » 


94 


a  By  F.  U.  Tillin|^haatt 


bByW.W.  Schlecht. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 

Division  of  Hydrography, 

Washington^  D,  C,  January  9,  190^. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  prepared 

by  E.  C.  Murj)hy,  entitled  **  Destructive  Floods  in  the  United  States 

in  1903,"  and  request  that  it  be  published  as  a  water-supply  paper. 

This  paper  treats  of  three  of  the  destructive  floods  that  occurred  in 

the  United  States  in  1903. 

Very  respectfully,  F.  II.  Newell, 

Hydroijrapher  in  Charge. 
Hon.  C'HARLES  D.  Walcoti\ 

Director  United  States  Geological  Surrey. 
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By  E.  C.  Murphy. 


INTRODTTCTION. 

Experience  has  sliown  that  in  the  area  of  the  United  States  great 
variations  from  normal  climatic  conditions  must  he  expected;  the 
temperature,  or  the  wind  velocity,  or  the  precipitation,  or  all  three 
combined,  may  vary  from  the  normal  by  a  considerable  amount  at 
any  place  and  in  any  season  of  the  year. 

The  year  1903  will  long  be  rememl)ered  for  its  extreme  local  varia- 
tions from  normal  climatic  conditions.  A  cloud-burst  at  Ileppner, 
Oreg.,  on  June  14,  caused  the  loss  of  200  lives  and  a  quarter  of  a 
million  dollars'  worth  of  property;  a  tornado  and  an  excessive  rainfall 
at  (rainesville,  Ga.,  caused  a  loss  of  100  lives  and  of  property  valued 
at.  half  a  million  dollars;  the  excessive  rainfall  of  June  G  in  South 
Carolina  devastated  Pacolet,  Clifton,  and  Glendale,  causing  the  loss 
of  many  lives  and  of  property  valued  at  $;J,000,000,  and  tornadoes  and 
excessive  rainfall  of  the  upper-central  Mississippi  Valley  and  lower 
Missouri  Valley  from  May  10  to  30  resulted  in  the  destruction  of  much 
property. 

Nearly  coincident  in  time  with  these  extremes  was  the  other  extreme 
of  small  precipitation,  with  cold,  backward  spring,  retarded  growth 
of  vegetation,  forest  fires,  and  very  small  flow  of  streams  in  New  York 
and  the  New  England  States. 

TIIF.   IIKPPNER,  OREO.,  FL.OOT>. 

Tlie  flood  of  Willow  Creek,  Morrow  County,  Oreg. ,  commonly  spoken 
of  as  the  "Pleppner  disaster,"  occurred  on  Sunday  evening,  June  14. 
It  was  duo  to  one  of  those  very  heavy  storms  of  shcjrt  duration  cov- 
ering a  very  small  area,  so  peculiar  to  the  arid  region,  and  popu- 
larly called  a  **  cloud-burst."  Such  a  storm  is  almost  like  the  tornado 
in  its  suddenness,  destructibility,  and  limited  extent.  The  duration 
of  this  storm  was  only  half  an  hour,  and  the  resulting  flood  lasted 


"The  writer  desires  herewith  to  express  his  thanks  to  Mr.  P.  H.  Newoll,  hydrographer  in 
r*har]^,and  Mr.  J.  C.  Hoyt,  computer,  for  valnablo  sugKf^stions  and  assistance  in  the  preparation 
r>f  this  paper,  and  to  Messrs.  J.  T.  Whistler.  B.  8.  Drane,  and  W.  G.  Russell  for  their  reports  on 
the  floods  In  their  respective  districts. 
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less  than  one  hour,  yet  in  that  short  time  one-third  of  the  town  of 
Ileppner  was  entirely  swept  away,  one-quarter  of  a  million  dollars* 
worth  of  property  destroyed,  and  over  2()0  persons,  from  a  tot<al  popu- 
lation of  1,400,  were  drowned. 

Cluiracier  of  stream  and  country. — Willow  Creek  rises  in  the  south- 
eastern part  of  Morrow  County  in  the  west  spur  of  the  Blue  Moun- 
tains, and  flows  northwest  into  Columbia  River.  The  distance  in  a 
straight  line  from  its  source  to  its  mouth  is  about  100  miles.  Its 
three  principal  tributaries  are  Balm  Creek,  which  enters  a  short  di>- 
tance  above  Heppner;  Iliuton  Creek,  which  enters  a  short  distance 
below  Ileppner;  and  Wilson  Creek,  the  mouth  of  which  is  about  -."» 
miles  below  Heppner.  At  its  mouth  Willow  Creek  has  an  elevation 
of  about  220  feet,  and  at  Ileppner,  45  miles  by  rail  above  its  mouth, 
it  is  1,920  feet  above  sea  level.  The  mean  slope  is,  therefore,  37.n 
feet  per  mile.  The  channel  at  Heppner  has  a  width  of  30  to  40  fe«^t, 
and  the  banks  are  from  10  to  15  feet  in  height.  The  valley  is  a  fer- 
tile strip  of  cultivated  land,  500  to  1,5(X)  feet  in  width.  Back  fnmi 
the  valley  the  country  on  both  sides  has  barren  rocky  soil,  with  steep 
slopes,  and  the  precipitation  passes  off  very  rapidly. 

Sonrces  of  information, — Unfortunately  there  were  no  measure- 
ments of  rainfall  and  gage  heights  in  the  watershed  of  Willow  CrtN-k, 
and  the  extent  of  the  storm  and  the  volume  of  run-off  can  not  W 
determined.  All  the  data  on  which  are  based  the  estimates  of  run-off. 
duration  of  storm,  and  height  and  duration  of  flood  were  obtainrl 
from  persons  who  saw  the  flood  at  various  points  along  Willow  Cre«.'k. 

On  the  fourth  day  after  the  flood  Mr.  John  T.  Whistler,  eng^ineer 
of  the  United  States  Geological  Survey,  visited  Heppner  and  made  a 
thorough  study  of  the  situation.  From  his  description,  publisheil  in 
Engineering  News  of  July  16,  and  from  additional  facts  obtAined  fn>rn 
personal  conversation  with  him,  this  report  has  been  prepared. 

Tlie  storm. — The  storm  came  on  suddenly  between  4  and  5  p.  in., 
and  had  entirely  passed  away  in  less  than  half  an  hour.  Authentir 
accounts  agree  that  it  started  in  the  foothills  of  the  Blue  Mountains 
on  Balm  Creek,  about  8  or  10  miles  north  of  Heppner,  and  raoveti 
north,  down  Balm  Creek,  to  some  distance  beyond  Willow  Creek.  It 
is  estimated  that  the  storm  area  was  from  2  to  4  miles  in  width  nn«i 
from  8  to  10  miles  in  length  and  affected  an  area  of  perhaps  20  squan* 
miles. 

The  storm  was  accompanied  by  a  very  heavy  fall  of  hail,  the  dejnl 
of  which  can  not  definitely  be  ascertained,  but  an  idea  of  its  amount 
can  be  formed  from  the  fact  that  five  days  after  the  storm  some  bcxlit-i 
were  found  in  drifts  of  hail  in  a  nearly  perfect  state  of  preservation. 
Some  of  the  hailstones  are  said  to  have  measured  1^:  inches  in  diam- 
eter. Five  days  after  the  storm  some  that  measured  five-eighths  of 
an  inch  by  seven-sixteenths  of  an  inch  were  I'emoved  from  a  hon^e 
buried  under  silt  and  brush.     Nearly  all  of  this  hail  was  of  clear  iw. 
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unlike  the  usual  hailstones,  which  are  more  or  less  opaque  and  built 
up  from  a  nucleus  by  successive  layers. 

The  flood. — The  height  of  the  flood  may  easily  be  determined  from 
the  high-water  marks,  though  these  are  often  deceiving  to  the  unprac- 
ticed  eye,  as  marks  are  frequently  found  in  places  where  the  water  did 
not.  reach.  Bark  is  knocked  off  trees  by  floating  bodies  that  project  a 
considerable  distance  out  of  the  water;  small  trees  are  often  bent  over 
and  light  drift  deposited  on  them,  and  when  the  wat«r  pressure  is 
removed  and  the  tree  straightens  up  this  material  is  lifted  high  above 
the  water  level.  But  the  rings  of  silt  left  on  trees,  all  at  approxi- 
mately the  same  level,  show  the  true  water  line.  These  watermarks 
show  that  the  flood  plane  at  Heppner  was  about  5  feet  above  the  gen- 
eral road  level  and  had  a  width  of  about  500  feet.  The  maximum 
depth  of  the  flood  at  the  center  of  the  creek  was  from  15  to  20  feet. 

The  crest  of  the  flood  wave  is  said  to  have  been  almost  simultaneous 
with  the  first  water  as  far  down  the  creek  as  Lexington;  so  that  if  a 
person  had  been  standing  on  a  structure  40  feet  in  height  above  the 
center  of  the  creek  bed  at  Ileppner  he  would  have  seen  flowing  down 
the  creek  a  bank  of  water  20  to  25  feet  in  height  and  liaving  a  face 
slope  of  about  30°  with  the  horizontal.  The  force  of  a  bank  of  water 
of  this  height  moving  down  a  slope  of  38  feet  to  the  mile,  sweeping 
everything  before  it,  can  readily  be  imagined.  At  lone,  8  miles  below 
Lexington,  the  crest  of  flood  was  one-half  hour  behind  first- water, 
and  at  Cecils,  14  miles  above  the  mouth,  it  was  several  hours  behind. 

At  Heppner  the  creek  is  Siiid  to  have  returned  to  its  normal  flow  in 
one  and  one-half  hours  after  the  passage  of  the  crest  of  .the  flood. 
The  crest  is  said  to  have  reached  the  mouth  of  the  creek  about  twenty 
hours  after  passing  Heppner,  the  speed  of  crest  thus  averaging  from 
5  to  6  miles  an  hour. 

The  discharge  on  Balm  Creek  near  its  mouth  was  computed  from 
the  formula: 

V  =  C^Js  r 

s  being  the  slope,  r  the  hjnlraulic  depth,  C  a  coefficient,  and  v  the 
mean  velocity. 

Two  sections  2,200  feet  apart  gave  a  slope  of  0.025;  area,  1,700 
square  feet;  wet  perimeter,  260  feet.  With  these  data  and  the  value 
of  0.040  for  the  coefficient  of  roughness,  the  maximum  discharge  is 
found  to  be  36,000  second-feet.  As  the  flood  last^ed  less  than  one 
hour,  the  total  flood  volume  was  probably  not  more  than  the  maxi- 
mum flow  for  one-third  of  an  hour.  On  this  assumption  the  total 
volume  of  the  flood  at  this  point  amounted  to  about  1,000  acre-feet. 

The  discharge  of  Willow  Creek  at  Heppner  and  at  Lexington  has 
been  computed.  In  these  computations  the  mean  velocity  was  assumed 
to  be  6  miles  per  hour  at  Heppner  and  4  miles  per  hour  at  Lexington. 
The  total  volume  of  flow  was  also  assumed  to  be  the  maximum  flow 
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for  one-third  of  the  time.     The  total  flood  volume  at  Heppner  wavS 
found  to  be  1,100  acre- feet,  and  at  Lexington  800  acre-feet. 

The  increased  discharge  at  Heppner  over  that  in  Balm  Creek  was 
due  principally  to  the  water  which  enters  Willow  Creek  below  ihe 
mouth  cf  Balm  Creek,  but  partly  to  a  small  amount  from  shore.  Tho 
flood  volume  near  the  mouth  of  Willow  Creek  was  also  computed  and 
found  to  be  750  acre-feet. 

It  is  very  likely  that  the  storm  area  was  at  least  20  square  miles. 
Assuming  that  two-thirds  of  the  rainfall  reached  Heppner,  the  toial 
precipit-ation  was  approximately  1,000  acre-feet,  which  amounts  to  li 
inches  in  depth  over  this  area,  a  rate  of  rainfall  of  about  3  inches  j»er 
hour. 

The  flood  water  was  very  hcavil}'^  laden  with  silt  and  in  color  is  said 
to  have  resembled  molasses. 

Effed  of  the  flood, — As  a  result  of  the  flood  one-third  of  the  town 
of  Heppner  was  entirely  destroyed,  and  about  200  lives  were  lost.  It 
seems  almost  incredible  that  a  flood  of  a  depth  of  only  5  feet  alK)v»* 
the  general  road  level  of  the  town  should  cause  such  a  loss  of  life. 
The  explanation  lies  in  the  peculiar  construction  of  the  houses. 
Nearly  all  of  the  houses  simply  rested  on  posts  or  open  foundations  <»f 
stone.  The  water  freely  passed  underneath,  but  could  not  so  rapidly 
get  to  the  inside  of  the  houses,  so  they  were  lifted  off  their  foundations 
and  floated  away  like  boats.  The  rapid  velocity  soon  drove  them 
against  trees  or  other  objects  and  crushed  them  to  pieces.  In  such  a 
swift  current-  and  among  such  masses  of  timl>er  it  wa,s  almost  imiH»- 
sible  for  a  person  to  get  ashore. 

The  duration  of  the  flood  was  so  short  that  the  only  considenibl*- 
scouring  eflFect  observed  w^as  at  the  mouth  of  Balm  Creek,  when*  tlu- 
flood  crossed  Willow  Creek  and  struck  the  opposite  shore.  At  thi> 
point  a  new  channel  was  formed. 

In  1888  a  similar  flood,  possibly  a  larger  one,  came  down  Ilinttm 
Creek,  but  did  little  damage,  as  there  wore  only  a  few  houses  then*  at 
that  time.  In  ISS.'J  there  was  a  large  flood  in  Willow  Creek,  but.  nil- 
able  records  are  not  available  for  the  comparison  of  these  floo<ls  witli 
the  one  of  1003. 

Lessons  taught  by  tJie  flood, — Storms  of  great  violence,  short  duni- 
tion,  and  affecting  comparatively  small  areas  are  to  be  expt^eted  ocn-a- 
sionally  in  all  parts  of  the  arid  and  semiarid  region,  as  the  harv, 
steep,  nonabsorbent  surface  causes  the  resulting  floods  to  be  Ian.!*-. 
sudden,  and  very  destructive.  AH  streams  should  have  an  Hnipl«- 
waterway  under  bridges  and  through  towns,  and  all  buildings  8h<»uld 
be  out  of  reach  of  the  flood.  No  building  that  can  be  lifted  from  ii^ 
foundation  and  swept  away  should  be  allowed  in  the  area  of  a  possi- 
ble flood.  Buildings  in  the  line  of  a  flood,  such  as  mills,  warehouses. 
pumping  stations,  etc.,  should  be  protected  from  drift  during^  hiirli 
water. 
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TllK  SOUTH  CAROLINA  FLOOD. « 

A  destructive  flood  occurred  in  Spartanburg  County,  S.  C,  on  June 
G,  VJO'L  Considering  the  small  area  affected  by  tlie  storm,  the  precip- 
itation wiis  very  large  and  tlie  loss  of  life  and  property  great. 

Character  of  cowntry  and  streams. — In  the  twenty- four  hours  of  the 
storm  there  was  a  rainfall  of  from  3i  to  5  inches  in  the  counties  of 
C'herokee,  Spartanburg,  Greenville,  and  the  eastern  half  of  Pickens,  in 
Soutli  Carolina;  and  in  the  southern  part  of  Rutherford,  Polk,  and 
Henderson  counties,  in  North  Carolinii — a  total  area  of  2,300  to  2,500 
square  miles.  This  region  is  situated  on  the  southern  slope  of  the 
Saluda  Mountains.  It  does  not  extend  u^)  into  the  mountains,  but 
includes  the  foothills  and  rolling  country.  About  half  of  it  is  covered 
with  timber;  the  remainder  is  cultivated  and  pasture  land.  The  sur- 
face sloi>es  are  such  that  the  waUa*  runs  off  rapidly  and  there  is  very 
little  storage. 

The  streams  that  drain  this  area  are  Pacolet,  North,  South,  and 
Middle  Tiger,  and  Enoree  rivers.  These  are  tributaries  of  Broad 
River  and  enter  it  from  the  west.  The  ui)per  tributaries  of  Saluda 
River,  which  flow  to  the  west,  rose  .to  an  unusual  height,  but  little 
damage  was  done  on  them.  PracticjiUy  all  the  damage  was  confined 
to  Spartanburg  County,  S.  C. 

The  streams  mentioned  rise  within  a  comparatively  short  distance 
of  each  other.  North  Fork  of  the  Pacolet  heads  in  Polk  County, 
N.  C. ;  all  the  others  head  in  Greenville  County,  S.  C.  They  are 
cliaracterized  by  deep,  narrow  channels,  with  rapid  fall.  The  Pacolet 
is  said  to  have  a  fall  of  500  feet  from  its  head  to  Pacolet  mills,  a  dis- 
t-Hiice  of  35  miles.  There  are  no  ponds  or  wide  bottom  lands  to  hold 
back  the  water  in  time  of  flood.  The  ground  was  soaked  almost  to 
saturation  just  i3revious  to  the  flood,  so  tliat  there  was  very  little 
ground  storage. 

TJie  storm. — During  the  week  preceding  this  flood  there  was  rain 
over  this  area  almost  daily;  not  hard  rains,  but  gentle,  penetrating 
showers,  that  nearly  saturated  the  soil.  On  Friday,  June  5, 1003,  rains 
fell  almost  incessantly.  In  the  evening  the  rain  became  more  violent 
and  continued  until  4  a.  m.  without  interruption. 

"ProiMirod  from  report  of  B.  8.  Draue»  assbtant  bydrogi-aphcr. 
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The  pi^ecipitation  for  the  first  six  days  of  June,  as  rei)orted  to  the 
United  States  Weather  Bureau,  is  given  in  the  following  table: 

Daily  rainfall  reported  from  Weatlier  Bureau  stations  in  and  surrounding  arfu 
of  South  Carolina  flood  for  the  first  six  days  in  June,  190S, 


Station. 


Waynesville,  N.  C_-. 

Aaheville,  N.  C 

Morganton,  N.  C 

Statesville,  N.  C 

Henderson ville,  N.  C 

Brevard,  N.  C 

Highlands,  N.  C 

Henrietta,  N.  C 

Charlotte,  N.  C 

Liberty,  S.  C 

Spartanhnrg,  S.  C  . . . 

Greenville,  S.  C 

Gaffney,  S.  C 

Santuc,  S.  G 

Rock  Hill,  S.  C 

Colnmbia,  S,  C 

Heath  Springs,  S.  C  _ 
Barksdale,  S.  C- 


Junel. 


Inches. 
0.30 

.59 

.02 

.35 

.61 

1.00 

1.10 

.19 

Trace. 

1.20 

Trace. 

.27 


June  2. 


.04 

.82 

.80 

1.80 


Inches. 

0.10 

.86 

.54 

.74 

.40 

1.57 

1.44 

.51 

Trace. 

.90 

.80 

.10 

1.15 

1.17 

2.30 

1.10 

.60 


June  3. 


Indies. 
0.10 


.14 


.40 


.07 


.07 

.08 
.82 


Jnne4. 


Inches. 
0.40 

.06 

1.50 


Jnno  a. 


June  6 


Inches. 
0.80 

.99 


.30 

1.28 

Trace. 

.10 

.25 


.02 
.12 
.01 


.09 
.73 
.33 
.41 


1.50 


I 


.70 

1.^ 

2.00 

3.30 

1.51 

.59 

.55 

.35 

1.15 

.94 

.87 

1.15 

.23 

.60 

2.75 


Inch**. 

i.r: 
1.2*1 
1.:- 

2.  H' 
l.il 

4.  K- 

2.<*: 

5.  <>. 

3.  ^C' 

.1- 


1.14 

l.'s:' 


Fig.  1  shows  the  location  of  some  of  these  stations  and  the  depth 
of  rainfall  reported  at  each  on  the  morning  of  June  6, 1903.  It  is  sei^n 
that  the  greatest  precipitation  in  the  twenty-four  hours  was  at  Spar- 
tanburg, diminishing  in  amount  in  every  direction  from  that  pl»e+\ 
rapidly  to  the  northwest  and  southeast  and  gradually  to  the  northea^t 
and  southwest. 

The  precipitation  northwest  of  Spartanburg  was  considerably 
greater  than  5  inches.  The  washouts,  landslides,  and  gullies  cut  h\ 
the  flowing  water  indicate  that  the  precipitation  over  the  rain  area 
was  probably  from  7  to  11  inches  in  the  twenty-four  hours  preceding 
the  morning  of  June  6,  1903.  This  region  is  included  in  an  area  iha; 
Prof.  A.  J.  Henry,  of  the  United  States  Weather  Bureau,  states  :- 
second  in  precipitation  in  the  United  States.  The  people  who  live  :l 
that  region  are  accustomed  to  very  heavy  rains,  and  their  estiniatt*^ 
confirm  the  figures  given  above  of  the  precipitation. 
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The  flood. — There  are  no  gaging  stations  on  the  streams  on  which 
the  damage  was  done  by  this  flood.  For  about  seven  years  the  United 
States  Geological  Survey  has  maintained  gaging  stations  on  Broad 
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Fig.  1.— Map  showing  distribution  of  Weather  Bureaa  stations,  etc. 

River  at  Alston,  about  75  miles  below  Pacolet,  and  on  the  Saluda  near 
Waterloo.  The  mean  daily  gage  heights  at  each  of  these  places  from 
June  1  to  10  are  given  in  the  following  table: 

Mean  daily  gage  heights^  in  feet,  June  1  to  10,  1903, 


Place. 

Broad  River  at  Alston,  S.  C  . . . 
Saluda  River  at  Waterloo,  S.  C. 


1, 

2. 

3. 

8.70 
8.40 

4. 

6.65 
7.76 

5.           6. 

1 

t. 

27.20 
19.25 

8. 

26.70 
22.35 

9. 

17.30 
14.45 

5.60 
9.85 

7.55 
10.40 

7.30 
12.15 

13.60 
14 

10. 

9.90 
10.30 


The  highest  water  previous  to  this  flood  at  these  stations  during 
these  seven  years  was  in  1901.  At  Alston,  S.  C,  the  maximum  on 
June  7,  1903,  was  29  feet,  which  is  5^  feet  higher  than  in  1901.  At 
Waterloo  the  maximum  was  23.15  feet,  which  is  2^  feet  higher  than  in 
1901. 

These  figures,  while  they  convey  some  idea  of  the  magnitude  of  this 
flood,  are  not  definite,  because  these  stations  are  far  below  where  the 
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storm  occiuTed  And  where  the  damage  was  done.  Had  there  been  a 
gaging  station  on  Pacolet  River  near  its  mouth  it  would  have  shown 
a  much  greater  difference  between  the  flood  readings  of  1901  and  ll»"3 
than  do  the  figures  at  the  Alston  station. 

A  few  flood  marks  of  the  flood  of  1852  still  remain  at  points  on 
tliese  streams.  At  Fingerville  the  new  mark  is  3.7  feet  higher  thau 
the  old  one.  At  Whitneys  niill,  on  Lawsons  Fork  near  Spartanbur*:, 
the  new  mark  is  9.0  feet  higher  than  the  old  one.  On  the  main 
Pacolet  and  Middle  Tiger  rivers  the  new  marks  are  about  10  fen 
higher  than  the  old  ones.  On  Enoree  River  the  new  mark  is  li  feii 
lower  than  the  one  of  1852. 

For  computing  the  discharge  a  section  was  taken  above  the  dam  at 
Pacolet.  The  pond  at  this  point  is  shallow  and  the  section  raUur 
narrow,  and  it  is  therefore  believed  that  the  current  was  fairly  uni- 
form. On  the  right  bank  the  high-water  mark  was  found  in  a  gar- 
den, and  is  undoubtedly  reliable.  This  gives  a  difference  in  elevation 
between  higli  and  low  water  of  24.4  feet  and  a  flood  section  of  ii,l.'>'i 
square  feet.  At  gaging  stations  during  floods,  when  the  section  was 
similar  and  the  slope  similar  or  not  so  great,  the  mean  velocity  lias 
been  observed  to  be  as  mucli  as  5.78  feet  per  second.  Assuming  this 
velocity  and  using  the  area  of  section  given  above,  the  discharge  at 
this  i)lacc  is  ^5,547  second-feet.  The  drainage  area  of  the  l^ac4)let 
at  this  place  is  about  4C0  square  miles.  The  estimated  discharge  is 
equivalent  to  a  run-off  of  88.9  second-feet  per  square  mile. 

The  flood  of  Catawba  River  of  May,  1901,  which  caused  great  de- 
struction of  farming  land,  had  an  estimated  run-off  per  square  mile 
of  51.8  second-feet  at  the  Catawba,  N.  C,  station,  and  of  44.4  second- 
feet  at  the  Rockhill,  S.  C,  station.  The  estimated  run-off  at  Pacok*t 
during  the  11K)3  flood  is  seen  to  exceed  that  of  1901  at  the  Cat.awba 
by  70  per  cent  and  at  Rockhill  by  100  per  cent.  It  is  possible,  how- 
ever, that  the  estimated  run-off  at  Pacolet  is  too  gre^it.  The  method 
of  obtaining  the  mean  velocity  was  not  very  reliable. 

Destruction  wrought  hy  the  flood. — There  was  some  destruction  of 
property  on  Tiger  River,  but  the  largest  amount  was  on  Pacolet 
River,  at  Clifton  mills  and  Pacolet  mills.  The  destruction  of  the 
Clifton  mills  is  thus  described  in  the  report  of  Mr.  B.  S.  Drane: 

Clifton  mill  No.  3,  known  as  **  Converse  mill/'  stood  just  above  the  bridge  over 
which  tlie  main  line  of  the  Southern  Railway  crosses  Pacolet  River.  It  was  built 
in  1890  and  1895,  and  as  completed  was  a  four-story  mill  496  feet  lon^^  and  Un» 
feet  wide.    It  was  valued  at  $1,000,000  and  contained  50,100  spindles. 

The  river  was  noticed  to  be  about  8  feet  above  low  water  at  midnight,  but  (li»l 
not  appear  to  be  rising,  and  caused  no  anxiety.  At  8.80  a.  m.  Mr.  Kirby,  master 
machinist  of  the  mill,  upon  going  down,  saw  that  the  water  was  beginning  to  rise 
into  the  wlieolhouse.  Getting  assistance,  he  began  to  remove  belts  and  ropes,  bnt 
before  any  headway  had  been  made  the  water  forced  him  to  leave.  By  4..30  the 
rise  was  beginning  to  bo  rapid,  and  in  a  few  minutes  the  water  was  flowing  over 
the  riglit  end  of  the  dam  and  breaking  on  the  boiler  houses  and  shops.  Thej^e 
were  w^rocked  before  5  o'clock.  A  little  after  5  the  brick  stack,  137  feet  higli. 
was  washed  down  with  the  i>ai't  of  the  dam  immediately  behind  it;    it  fell 
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on  the  comer  of  the  mill.  The  mill  b-gaii  to  wash  down  immediately,  and  the 
wreck  was  practically  complete  by  6  o'clock.  The  mill  Was  washed  entirely  away, 
except  for  the  three-story  picker  room.  Shops,  boiler  houses,  w^heelhonse,  and  16 
cottages  were  also  carried  away. 

The  dam  here  had  a  section  of  27  feet  height,  37  feet  base,  and  1 1  feet  crest.  The 
construction  was  said  to  have  been  hasty  and  of  materials  much  inferior  to  those 
iisual  on  this  river.  The  crest  was  broken  off  irregularly  to  a  depth  averaging  10 
feet  for  100  feet  from  the  right  bank,  and  to  a  depth  of  f  feet  for  the  next  40  feet. 
One  footbridge  and  one  county  bridge,  of  wood,  were  carried  away  from  just  below 
the  mill. 

About  11  miles  below  was  the  original  Clifton  mill,  known  as  **  No.  1."  It  was 
built  in  1880,  and  had  27,500  spindles.  At  this  point  the  rise  was  not  alarming  at 
2  o'clock  a.  m.  The  rapid  rise  began  at  some  time  between  half  last  4  and  5. 
Just  after  5  the  water  rose  2  feet  in  ten  minutes,  according  to  the  assistant  super- 
intendent. The  first  thing  to  be  carried  away  was  a  large  hall.  This  floated  off 
at  about  5.45  and  was  hurled  down  into  the  upper  comer  of  the  mill,  which  st6od 
out  into  the  stream.  The  blow  broke  in  part  of  the  comer  of  the  mill,  but  the 
destruction  of  tlie  mill  did  not  begin  until  the  wreckage  from  above  began  to 
come  down  thickly,  a  little  after  6  o'clock.  Large  timbers  were  then  dashed  into 
the  projecting  corner  and  the  mill  began  to  settle  down  gradually,  little  by  little, 
beginning  at  this  end.  Altogether  about  110  feet  of  the  main  building  and  the 
wheelhouse  were  totally  wrecked.  The  machinery  on  the  two  lower  floors  was 
severely  damaged  throughout  the  length  of  the  mill  by  the  water,  mud,  and  drift. 
The  dam  was  uninjured,  except  for  the  tearing  off  of  the  wooden  apron.  Fifteen 
cottages  were  carried  away  from  this  mill  village.  About  8  o'clock  the  water 
began  very  slowly  to  fall. 

Clifton  mill  No.  2,  known  as  *'  Dexter  mill,"  was  a  little  over  a  mile  from  Clif- 
ton, was  built  in  1888,  and  had  30,500  spindles. 

This  mill  stood  on  a  point  on  the  left  bank.  Just  opposite  the  mill  the  right 
bank  is  steep  and  high,  while  on  the  left  bank  a  ridge  extends  out  on  the  point 
almost  to  the  mill.  Above  the  mill,  on  either  side  of  the  river,  the  hills  ojjen  out, 
and  there  the  greater  part  of  the  mill  village  stood.  Also  on  the  point  on  the  left 
bank  below  the  mill  were  many  cottages. 

The  rise  here  began  to  alarm  the  watchman  at  3  a.  m.,  and  at  3.30  it  began  to 
be  rapid.  One  of  the  watchmen  noticed  that  the  rise  was  1  foot  in  five  minutes  at 
about  4  o'clock.  The  alarm  was  sent  out  among  the  operatives  at  once.  Most  of 
them  refused  to  realize  that  they  were  in  any  danger  and  would  not  make  any 
effort  to  save  themselves  and  their  property  until  the  water  surrounded  them. 
There  were  many  narrow  escapes,  but  at  least  52  persons  were  lost  here,  most  of 
them  women  and  children.  There  was  a  deep  deposit  of  sand  and  silt  over  the 
point  below  the  mill  where  most  of  the  lives  were  lost.  Toward  the  end  of  the 
week  following  the  disaster  this  began  to  crack  as  it  dried.  Searching  parties 
kei)t  watch  of  these  cracks,  and  wherever  flies  were  seen  to  crawl  down  them 
they  dug.    Several  human  bodies  were  found  in  this  way. 

At  about  twenty  minutes  past  4  the  covered  wooden  highway  bridge  was 
^^ashed  down.  The  cotton  warehouses  and  some  of  the  cottages  began  to  go  about 
G  o'clock,  but  the  mill  stood  until  7.  At  that  time  the  wreckage  was  coming 
down  thickly  from  the  upper  mills.  Exactly  as  at  the  Clifton  mill  above,  the 
outer  upstream  comer  was  torn  down.  This  mill  was  L-shaped,  a  wing  extend- 
ing shoreward  from  the  lower  end.  When  the  mill  was  surrounded  by  the  flood 
the  heavy  wreckage  from  above  was  hurled  into  this  extension,  tearing  down  the 
middle  of  it  and  practically  filling  the  whole  with  driftwood.  The  machinery 
throughout  the  two  lower  floors  of  this  mill  was  largely  destroyed  by  the  sand 
and  drift  thrown  into  it.    All  the  cotton  and  cloth  warehouses  here  were  washed 
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away;  42  of  the  company's  cottages  and  6  belonging;  to  outsiders  were  -wreckHi 
and  carried  away. 

After  bending  to  the  left  about  the  x>oint  on  which  the  mill  stands  the  riT^? 
formerly  bent  to  the  right  again  around  a  low  point  on  the  right  bonk.  Dorinz 
this  flood  the  water  overflowed  this  low  point  and  cut  a  new  channel  over  it, 
abandoning  the  old  one.  The  crescent-shaped  island  left  is  about  400  yards  hm.; 
and  100  wide. 

Several  lines  of  the  Southern  Railway  were  tied  up  for  about  a  we*  k. 
The  main  line  from  Charlotte,  N.  C,  to  Atlanta,  Ga.,  passing  tbrouirh 
Spartanburg,  was  broken  by  the  washing  away  of  a  bridge  ovrr 
Lawsons  Fork  of  Pacolet  River.  The  Charleston  and  Western  Car<v 
lina  Railway,  also  entering  Spartanburg,  lost  its  bridge  over  Ti^er 
River. 

What  purports  to  be  a  very  conservative  estimate  of  the  financial 
loss  due  to  the  freshet  is  given  as  follows : 

Estimate  of  losses  caused  by  South  Carolina  flood, 

Clifton  mills,  Nos.  1,  2,  and  3 _ $1,  T.VL  •  *»" 

Pacolet  mills,  Nos.  1,  2,  and  3..: _ _  l,2o(». '^^ 

Glendale  miUs _ ._ 30.  <>•■' 

Mary  Louise  mills : _  isj-*' 

Whitney  mills .i.i** 

Fingerville  mills S.<»"' 

Tucapau  mills _ _  _ _ _ 10.  •  *  ■  ♦ 

Tiger  mills  _  _ _ . _  _ _ .*^.  < » •  ■ 

Two  other  mills _ &i.  •  • «" 

Bridges. _ .  _  _ _ 15.  < c • 

Spartanburg  Electric  Railway  Company :U».  »■  •■ 

Southern  Railway  Company ._ _.  3i».  ■  ►  •  i 

Not  included  above  (lands  and  crops  ruined,  etc. ) ,  at  least .  _ 6.  <  *^  •  i 

Total _ 3,45i\f» 

These  figures  do  not  include  the  loss  due  to  the  interruption  ♦►: 
railway  traffic,  the  stoppage  of  large  industries  throwing  thousancl>  •  -i 
operatives  out  of  employment,  the  loss  to  the  various  trades  and  com- 
mercial enterprises,  and,  worst  of  all,  the  loss  of  over  50  lives. 

Lessons  taught  by  the  flood. — Very  heavy  storms,  covering  small  ^t 
large  areas,  are  to  be  expected  on  the  southern  and  eastern  slopes  •  »t 
the  Appalachian  Mountains.  Floods  much  greater  and  more  destruc- 
tive than  ordinary  result  from  these  storms. 

Ample  unobstructed  waterway  must  be  provided  for  streams  thnju::':. 
towns.  Usually  the  greater  part  of  the  destruction  wrought  is  di.* 
to  the  failure  of  a  temporary  dam  formed  by  drift  in  front  of  a  bridir-^-. 
Drift  of  all  kinds  collecting  in  front  of  a  bridge  forms  a  dam,  rai>*  > 
the  water  several  feet  higher  than  it  would  have  been  without  xh* 
obstruction,  finally  the  pressure  on  the  obstruction  becomes  so  gr^.*/ 
that  it  is  swept  away,  and  the  resulting  wave  destroys  other  bridir.- 
and  buildings  that  otherwise  would  not  have  been  injured.  The  wa -fil- 
ing out  of  a  dam  by  the  water  cutting  a  channel  around  one  end  of  ii 
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is  often  the  cause  of  a  great  wave  that  sweeps^iway  bridges  and  build- 
ings below  that  otherwise  would  not  have  teen  injured. 

Buildings  that  can  be  lifted  from  their  foundations  and  swept  away 
should  not  be  allowed  in  the  patli  of  a  possible  flood. 

Mills,  power  stations,  and  other  buildings  on  the  banks  of  streams 
should  be  protected  from  the  destructive  action  of  drift  during  high 
water. 

NOTKS  ON  KARLiY  FXiOODS  IN  3IIS8188IPPI  ^"AL.t.EY. 

Dat^a  on  the  floods  of  the  Mississippi  River  basin  prior  to  1798  are 
very  meager.  Since  that  date  a  record  of  the  fluctuation  of  the  sur- 
face has  been  kept  at  one  or  more  points  along  the  river.  At  Natchez 
a  record  was  kept  by  Governor  Winthrop  Sargeant  from  1798  k)  1S19, 
by  Samuel  Davis  from  1819  to  1841,  and  by  Professor  Forshey  from 
1841  to  1848.  From  1848  to  1851  a  record  was  kept  at  Carrollton  by 
Professor  Forshey.  From  1851  to  18G0  a  very  comprehensive  study 
of  the  lower  basin  was  made  by  Humphrey  and  Abbott.  From  1851 
to  the  present  time  several  gaging  stations  have  been  maintained  by 
the  United  States  engineers,  and  for  several  years  the  United  States 
Weather  Bureau  has  also  measured  surface  fluctuations  at  several 
places  in  this  basin.  From  the  available  data  the  following  tables 
have  been  prepared. 

The  following  table,^  from  the  records  of  Dr.  George  Englemann, 
sliows  the  date  of  each  flood  on  the  Mississippi  River  at  St.  I^ouis 
from  1785  to  18G5  and  the  height  of  the  highest  water  above  a  datum 

plane: 

Statistics  of  floods  at  St.  Louis  ^  Mo.^  17  So  to  ISilS. 


Date. 

High 
water. 

Feet. 
42.0 
33.6 
27.0 
27.4 
27.2 
41.0 
32.4 
25.0 

Date. 

High 
water. 

April,  1785- 

May  20,  1852 

May  7,  1853  .._ 

Feei. 
28.0 

March,  1828 

30.0 

May  8, 1838 

May  9,  1856 

June  14, 1858 

May  15,1861  .__ _ 

April  26,  1862 

27.4 

May  28, 1838  ._ 

May  2, 1843 

37.0 
25.3 

Jnne27, 1844_ 

31.3 

June  27, 1845 - _ 

May  4, 1863 ..._ 

May  14,  1864 _ 

18.0 

May  10,  1846 

24.8 

March  10, 1849 

June  10, 1851 _. 

27.4 
27.0 

July  28,1865 __.. 

26.7 

« 

According  to  these  records  the  highest  water  at  St.  Louis,  Mo. ,  was 
in  April,  1785,  when  the  gage  read  1  foot  higher  than  in  1844  and  4 
feet  higher  than  in  June,  1903.     Very  little  is  known  of  the  flood  of 


a  Ruseell,  T.   Stages  of  Miseissippi  River  and  its  principal  tributaries.    U.  8.  Weather  Bureau, 
Washington,  D.  C,  1891. 
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1785.  The  1844  flood  is  well  remembered  by  persons  still  living  in  this 
section  of  the  country.  In  1858  high  water  at  St.  Louis  caine  within 
4  feet  of  that  of  1844,  and  the  flood  of  1845  was  within  about  9  feet  of 
that  of  1844.  The  following  table  gives  the  dates  of  highest  water  on 
the  Mississippi  at  St.  Louis,  Mo.,  and  on  the  Missouri  at  Kansas  City. 
Mo.,  for  each  year  from  1872  to  1903;  also  the  gage  reading: 

Statistics  of  floods  at  St.  Louis,  Mo.,  and  Kansas  City,  Mo. 


St.  LouLSf  Mo. 


Year. 


1872 

1873 

1874 

1875 

1876 

1877 

1878 

1879 

1880 

1881 

1882 

1883« 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

1899 

1900 

1901 

1902 

1903 


Date. 


June  12-14 
AprilU... 
June  19-20 
Angnst  3-. 

May  10 

June  14 

June  15 

Julys 

July  2 

May6 

July5 

June  26  . . . 
April  9-10. 

June  17 

May  13.... 

Aprils 

June  4 

June  1 

do 

July4 

May  19 

May  3 

May  11 

July8 

May  26-28. 

May  2 

May  23 

April  27.... 
March  16.. 
April  18-19 

July  26 

June  10 


Gace 
heigiit. 


Kanww  City,  Mo. 


Feet. 

23.7 
26.7 
19.1 
30. 5 
3,\7 
27.3 
26.5 
21.9 
26.2 
34.3 
33.1 
35.5 
28.8 
27.8 
27.7 
21.4 
30.1 
25.3 
21.3 
24.4 
36.7 
32.3 
24.1 
17.8 
28.4 
31.7 
27.2 
25.6 
23.4 
22.4 
26.9 
38.0 


Date. 


July  5 

June  17-19 
April  30... 
June  16  . . . 
June  10  -   . 

July3 

June  30  . . . 
July  10-12. 
AprU30... 

July3 

June  26  . . . 


June  19  . . 
April  17... 

Julys 

do    ... 

August  14. 
June  11... 

Julyl 

May21_... 
April  13... 
June  21  - . . 
June  12  . . . 

May  22 

April  20... 
June  12  . . . 

July9 

June  20... 
June  24-25 
July  15.... 
June  1 


o«r 

height. 


Ft^t 


19.  .1 
17. ^ 

»»  o 

1!^.H 

l-«.2 
16.7 
2ii. :; 
1!».  3 


21.  ^ 


19.: 

15.  •< 
IS'* 

lo.a 

i7.e 

24.  •» 
17.7 

Id  i 


**2    "i 


>>1     * 

17." 
1^  4 


»4.  • 


S5.M 


a  Record  May  1  to  June  16  and  July  1  to  December  31  missing. 
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It  is  seen  that  at  no  time  during  the  fifty-nine  years  from  1844  to 
1903  has  the  highest  water  been  within  3  feet  of  the  stage  it  reached 
on  Jnne  27,  1844.  Seven  times,  however,  it  approached  within  about 
8  feet  of  it.  The  records  of  the  Kansas  City  station  on  Missouri 
River  cover  a  period  of  thirty  years;  the  flood  of  1903  exceeded  in 
height  by  about  9  feet  that  of  any  year  during  this  period ;  only  nine 
times  in  the  thirty  years  was  the  highest  water  at  this  place  within 
15  feet  of  its  height  in  1903. 

The  years  of  greatest  flood  at  St.  Louis  are  usually  years  of  greatest 
flood  in  the  lower  basin  of  Mississippi  River,  but  this  is  not  always 
the  case.  Very  frequently  the  lower  Mississippi  is  very  high  while  at 
St.  Louis  the  stage  is  considerably  below  that  of  the  great  flood.  This 
is  due  to  a  large  part  of  the  discharge  of  the  lower  basin  coming  from 
Ohio  and  Arkansas  rivers,  which  enter  the  Mississippi  below  St.  Louis. 
The  frequency  of  floods  and  their  magnitude  increases  with  the  dis- 
tance down  the  river.  Floods  are  the  exception  at  Kansas  City;  they 
are  the  rule  below  Memphis. 

KANSAS  FLOODS  ANI>  HYDROGRAPHIC  DATA, 

THE  FLOOD  OF  1903. 

The  Kansas  flood  of  1903  is,  with  the  exception  of  the  flood  of  1844, 
the  largest  one  on  record  in  the  upper-central  Mississippi  and  lower 
Missouri  river  valleys.  In  loss  of  property  and  life  the  flood  of  1903  was 
vastly  more  destructive  than  that  of  1844,  on  account  of  the  country 
now  being  much  more  thickly  settled  and  improved.  Although  the 
loss  of  property  in  the  aggregate  is  large — estimated  at  122,000,000  in 
Kansas  and  Kansas  City,  Mo.,  alone— it  is  not  large  when  one  con- 
siders the  great  value  of  the  property  in  the  path  of  the  flood.  Tlie 
loss  of  life  is  surprisingly  small  considering  the  population  driven 
from  their  homes  and  the  rapid  approach  and  vastness  of  the  flood. 
The  following  table  (p.  22)  gives  flood  data  of  Kansas  River  taken  at 
Lawrence  and  Lecompton. 
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Flood  data,  Karma^  River,  1881  to  1903, 


Y(«ir 


Pla<!e. 


1881 
1882 

ias3 

1884 
1885 
1886 
1887 
1888 

1889 

1890 
1891 
1892 

1898 

1894 

1895 

1896 
1897 
1898 
1899 
1900 
1901 
1902 
1908 


Lawrence,  Kans. 
do 


do 
do 
do 
do 


do 


do 


I  -  - 


do _ _ !  May    28 

do  _ _ I  June  25 

rMay    13 
IJuly   22 

do _ '  Jan.    18 

do I  Jnne     1 

do I  May    16 

jJnne     5 
'  July     3 

do .^  June  25 

I June  10 
^Aug.   19 

do...   !  July    20 

do !  Apr.    26 

do June  10 

Lecompton,  Kans  . July     8 

do j  Mar.    10 

Apr.  14 
July  15 
May    81 


Date. 

reading. 

Feet. 

Mar.     7 

4.2 

Apr.    10 

4.3 

June  25 

4.3  ' 

May     5 

3.8 

Apr.    27 

3.7  1 

May    10 

4.3 

May    28 

2.5 

June  25 

8.5 

1 

Diadiarge. 


!} 


do 


} 

1} 


5.0 

2.8 
6.0 

8.8 

4.3 
5.3 

4.0 


do 
do 
do 


I 


«  OomputCHi  from  rating  table  for  period  May  Ifi  U^  Aur.  31,  IHWJ. 


Se*-.  ft. 


19, 370 

14.291) 

24,340 

10,370 
"35.598 

«  67, 71« 

19, 3T0 
26,62i3 
17,:i9i) 


7.7 

«r>3,3ii8 

8.8 

«67.71** 

5.6 

28,990 

11.0 

30, 25*) 

10.2 

24.898 

10.0  , 

1 

3o,0lX) 

17.6 

81,400 

29. 5 

33:?,  070 

From  tliis  table  it  is  seen  that  Kansas  River  at  T-»ecorapton  was  12 
feet  higher  during  this  flood  than  at  any  time  during  the  twenty-two 
years  covered  by  the  record.  The  gage  reading  at  this  place  ordinarily 
varies  from  4  to  12  feet,  but  on  May  31  it  read  29i  feet,  or  17|^  feet 
higher  than  ordinary  high  water.  The  volume  of  water  flowing  in 
Kansas  River  on  May  31  was  nearly  three  times  greater  than  at  any 
other  time  during  these  twenty- two  years. 

THE   STORM. 

Duration^  exfent,  and  depth  of  rainfall, — The  period  of  excessive 
rainfall  dates  from  May  10  to  31;  the  temperature  during  this  time 
was  abnormally  high,  the  pressure  was  low,  and  a  strong  wind  was 


MURPHY.) 


DURATION    OF   THE    STORM. 


23 


blowing  from  the  south,  which  developed  tornmloes  in  parts  of  Iowa, 
Nebraska,  and  Kansas,  killing  50  i)ersons,  injuring  about  60  others, 
and  destroying  many  thousands  of  dollars'  worth  of  property.  The 
daily  rainfall  during  this  period  is  shown  in  the  following  table,  which 
is  condensed  from  a  table  taken  from  the  Monthly  Weather  Review 
for  May,  1903: 

Daily  rainfall  at  Weather  Bureau  stations.  May  IGSly  190S, 


Station 


Williston,  N.  Dak 
Bismarck,  N.  Dak 
Pierre,  S.  Dak 
Rapid,  S.  Dak. 
Huron,  S.  Dak 
Yankt»n,  S.  Dak 
St.  Paul,  Minn 
Moorhead,  Minn 
Valentine,  Nebr 
North  Platte,  Nebr. . . 
Lincoln,  Nebr 
Omaha.  Nebr 
Concordia,  Kans 
Topeka,  Kans 
Wichita,  Kans 
Dodge,  Kans 
Denver,  Colo 
Pneblo,  Colo 
Cheyenne,  Wyo 
Oklahoma,  Okla 
Fort  Worth,  Tex 
Dnbuque,  Iowa 
Davenport,  Iowa 
Des  Moines,  Iowa 
Keoknk,  Iowa 
Sionx  City,  Iowa_ 
Kansas  City,  Mo . 
St.  Lonis,  Mo 
Springfield,  Mo 
Hannibal,  Mo.. 

Fort  Smith,  Ark j    T. 

Little  Rock.  Ark '    T. 
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Daily  rainfall  at  Weather  Bureau  Htations,  Inay  JO-^Jl,  7.9/^?— Contmned. 


Station. 


I 


25. 


m. 


27. 


Wmi8toii,N.Dak_.. 
Bismarck,  N.  Dak . . . 

Pierre,  S.  Dak 

Rapid,  S.  Dak 0. 03 

Huron,  S.  Dak I       .08 

Yankton,  S.  Dak 

St.  Paul,  Minn  .62 

Moorhead,  Minn 


0.08 
.20 
.04 


Valentine,  Nebr 

North  Platte,  Nebr- 

Linc  In,  Nebr 

Omaha,  Nebr 

Concordia,  Kans 

Topeka,  Kans  _ 

Wichita,  Kans 

Dodge,  Kans 

Denver,  Colo 

Pneblo,  Colo  _ 

Cheyenne,  Wyo 

Oklahoma,  Okla 

Fort  Worth,  Tex... 

Dnbuqne,  Iowa 

Davenport,  Iowa  _ . . 
Des  Moines,  Iowa. . . 

Keoknk,  Iowa  

Sionx  City,  Iowa  . . . 
Kansas  City,  Mo  . . . 

St.  Lonis,  Mo 

Springfield,  Mo 

Hannibal,  Mo 

Fort  Smith,  Ark 

Little  Rock,  Ark  _ . . 


.04 
.08 
1.37 
.95 
.16 


.24 

.39 

1.04 


28. 


0.60 


0.01 
.39 
.24 


.50 
.18 
1.03 
.93 
.96 
.21 


*>2 


.30 
T. 

.06 
T. 
T. 
T. 
1.40 

.87 
2.08 


.47 
T. 
T. 
T. 
T. 
T. 


.43 
.56 


.28 


.26 


T. 


29. 


30. 


0.04 


.46        T. 
.12 


.43         .40 


1.11 

.42  ! 
1.38 

.06 


.01 
.15 

T. 

1.64 
.24 
.22 
.28 
.01 


*>9 


.12 

.18 

I 

.68  j 
.02 
.38  I 
.06 


0.10 


.32 

A'l 
1.94 


.  76  . 

is' 

T.  : 

.04 
.22 
T. 


01 


.20 


.02 
1.14 


3.88 
1.71 

.82 

.03 

.03 
T. 
T. 
3.26 

.46 
T. 

.32 

.94 
T. 
2.27 

.23 

.40  . 

.80 

.28 
1.96 

.68 


.02 
.06 
1.13 
.40 
.35 
.36 
.03 
.04 


I 


.02 
T. 

.34 
2.03  I 
3.53 
T. 

.43 

.68 
T. 
1.54 

.33 

.13 

.91 


31. 


0.50 
.16 
.03 


.10 
.10 
.49 
.91 
.26 

.28 


T. 


.  12 
.46 
.30 
.38 
.08 

1.0> 
.42 

1.66 

1.61 
.44 

T. 


TotaL 

3.^7 
3.1-9 
1.71 
1.  4 
1 .  oT 
4,  .V> 
3.65 
3. 10 
1.4> 

5. 21 

10.59 

5. 4! 

6.17 

9.  :;^ 
l.Ti 
:l.7f; 

r».  'W 

9..SS 
:\.^ 
6.21 
5. 10 

i.r.: 

6.4:^ 
3.  '.**. 
4  .". 

o  .»- 
•>.  »  « 


In  the  northeast-con tral  part  of  Kansas  in  the  vicinity  of  ConcH>nn;i, 
where  the  precipitation  was  greatest,  it  rained  daily  for  fifteen  ilavv 
a  tiotal  of  about  10  inches  in  depth. 

Rainfall  during  .sfonn  and  during  May  compared. — The  rainfaH 
for  the  first  half  of  May  was  considered  above  the  normal  for  this 
month;  the  streams  weixi  carr^dng  more  than  their  normal  amount,  a-i 
can  be  seen  from  the  j2:a<j:e  readings  in  the  table  on  pages  35,  3G,  and  th^ 
ground  storage  available  was  small.     It  was  this  lack  of  surfuc*e  ant; 
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MAP  OF  K.^NSAS  A 

SHOWING  THF:   \V'ATER sheds  of  the  KANSAS  HAT-f  -^ 
ALSO  LINES  OF  EQUAL  RAINFALL  FOR  MAY.  W^ 
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grouud  stornge  at  the  beginning  of  the  flood  period  that  made  the 
flood  of  Riich  exceptional  magnitude. 

The  rainfall  for  May  was  over  17  inches  at  some  stations.  It  was 
17.34  inches  at  Salina,  Kans. ;  17.2*2  inches  at  Bradshaw,  Nebr. ;  15.45 
inches  at  Thurman,  Iowa;  17.39  inches  at  Blackbnrn,  Okla.  The 
area  having  a  depth  of  8  to  17  inches  of  rainfall  during  May  covers 
the  eastern  two-thirds  of  Kansas,  northern  Indian  Territory  and 
Oklahoma,  western  Arkansas  and  Missouri,  eastern  two-thirds  of 
Nebraska,  western  half  of  Iowa,  and  small  parts  of  southern  Wiscon- 
sin and  southeastern  Minnesota.  The  storm  was  more  nearly  central 
over  Kansas  Kiver  and  tributary  watersheds  than  over  any  other 
watershe*!  of  this  area,  hence  the  Kansas  River  flood  was  greater  thau 
that  of  any  other  stream.  On  the  accompanj'ing  map  (1*1.  IV)  are 
shown  the  watersheds  affected,  the  lines  of  equal  rainfall  for  May, 
and  the  louttion  of  the  United  States  Geological  Survey  gaging  sta- 
tions. 


FlQ.  £.— Hesn  anniul  nlnfall  lines  over  KniuBa. 

Curves  of  annual  rainfall  and  rainfall  (htring  May  compared. — 
Fig.  2  shows  the  lines  of  mean  annual  rainfall  over  Kansas.  This 
mean  annual  rainfall  is  seen  to  decrease  from  about  35  inches  in  the 
eastern  part  of  the  Kansas  River  watershed  to  about  13  inches  in  the 
western  part.  More  than  half,  therefore,  of  the  ordinai-y  mean  annual 
rainfall  over  the  eastern  half  of  the  Kansas  Hi ver  watershed  fell  dur- 
ing May,  1003,  whereas,  ordinarily,  only  about  14  per  cent  of  this 
falls  daring  that  month. 

CHARACTER   OF  WATERSHED   FLOODED. 

Location,  extent,  and  topography. — Kansas  River  and  its  tribu- 
taries (Blue,  Republican,  Solomon,  Saline,  and  Smoky  Hill  rivers), 
along  which  the  greatest  amount  of  damage  was-done  by  this  flood, 
drain  a  long,  comparatively  narrow  strip  of  country  lying  between 
Piatt*  River  on  the  north  and  Arkansas  River  on  the  south,  and 
extending  from  Missouri  River  on  the  east  to  tlie  foothills  of  the 
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Rocky  Mountains  in  Colorado  on  the  west.  The  length  from  east  to 
west  is  485  miles,  and  the  width  varies  from  1.40  to  190  miles;  the  total 
area  drained  is  61,440  square  miles — 0,459  square  miles  in  Colorado, 
17,455  square  miles  in  Nebraska,  and  34,520  square  miles  in  Kansas. 
This  country  is  rolling  prairie,  with  little  timber  except  narrow  strii>s 
along  the  streams  in  the  eastern  half  of  the  State;  the  soil  is  very  pro- 
ductive, especially  in  the  river  bottoms,  and  is  mostly  under  cultiva- 
tion where  the  rainfall  is  sufficient  to  mature  crops.  The  east^^m 
third  of  this  area  is  covered  with  a  lough  buffalo-grass  sod.  The  alti- 
tude on  Gannett's  contour  map  of  the  United  States  varies  from  7^') 
feet  at  Kansas  City  to  5,000  feet  in  the  western  part  in  Colorable.  The 
500-foot  contour  lines  are  shown  in  PI.  IV.  The  surface  is  seen  to 
rise  at  a  gradually  increasing  rate  from  east  to  west;  the  valleys  an* 
wide  and  comparatively  shallow,  with  very  little  opportunity  for  stor- 
age of  water. 

Description  of  Kansas  River. — Kansas  River  differs  greatly  from 
both  the  Platte  on  the  north  and  the  Arkansas  on  the  south,  in  that 
it  is  wholly  within  the  plains  area  and  has  no  mountain  drainage;  its 
entire  water  supply  comes  from  rain  falling  on  the  plains  within  itx< 
drainage  area.  The  surface  storage  is  very  small,  there  l3eing  no 
lakes,  ponds,  or  swamps  to  liold  back  the  flow,  and  no  mountains  U\ 
hold  back  the  winter  precipitation.  The  minimum  flow  is,  therefore, 
very  small  and  the  flood  flow  very  large.  The  term  '*  Kansas  "  is  applied 
to  this  stream  only  after  the  Smoky  Hill  joins  the  Republi<*an  near 
Manhattan;  the  Solomon  and  the  Saline  are  tributaries  of  the  Smoky 
Hill.  The  principal  tributaries  of  the  Kansas  are  the  Blue  and  the 
Delaware  on  the  north  and  the  Wakarusa  on  the  south.  The  areas 
drained  by  these  streams  in  the  different  States  are  given  in  the  table 
below: 

Drainage  areaji  in  Kansas  River  basin. 


BaHin. 


j     Total 
'      area. 


Kansas  River  entire  _ 

Kansas  River  above  Lawrence 

Kansas  River  above  Lecompton 

Bine  River  above  Manhattan 

Republican  River  entire 

Republican  River  above  Superior 

Smoky  Hill  River  entire. . . 

Smoky  Hill  River  alwve  Ellsworth. 

Saline  River  entire  . . .  .* _ . . 

Solomon  River  entire _  _ . . 

Solomon  River  al)ove  gaging  station 

Kansas  River  (proper)  above  Lecompton 


Area  in 
Kansas. 


Area  in 

Ne- 
braska. 


Area  in 
C4>lorado 


Sq.  mite*. 

61,440 

59,841 

58, 550 

0,490 

25, 837 

22, 347 

20,428 

7,980 

3,311 

6,882 

6,815 

5, 123 


Sq.  niileit.  Sq^  miles.  »•%/.  mtlrr. 

9.4o9 


34, 526 

3Ji,  927 

31,636 

2,450 

7,496 


17,455 
17,455 
17,4.55 
7.040 
10,415 


18,895 
6,447 
3,311 
6,883 


9,4r,9 

9.459 


'.9*5 


l.^\ 


1..>W 
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Kansas  River  above  Lawrence  meanders  through  the  bottom  land, 
crossing  and  recrossing  it,  but  as  a  rule  being  closer  to  the  south 
border  than  to  the  north.  This  bottom  land,  which  includes  the  land 
adjacent  to  the  river  and  not  more  than  20  feet  in  elevation  above  it, 
is  mainly  alluvial  matter  and  varies  in  width  from  1  to  4  miles.  The 
bed  is  mainly  shifting,  sandy,  alluvial  material,  though  in  a  few  places 
it  is  rocky.  The  banks  as  a  rule  are  not  more  than  10  feet  in  height 
except  where  the  river  runs  near  the  bluffs,  where  they  are  from  30  to 
40  feet  high.  They  are  easily  eroded  by  the  current,  and  frequently 
H  new  channel  is  formed  and  a  considerable  amount  of  land  washed 
away. 

THE   FLOOD. 

Reasons  for  magnitude  of  flood, — The  unprecedented  rainfall  of  5 
to  10  inches  in  sixteen  days,  falling  on  a  watershed  with  practically 
no  surface  storage,  and  at  a  time  when  the  flow  of  the  streams  was 
considerably  above  their  normal  and  the  ground  well  saturated  with 
water,  w^as  sure  to  produce  an  enormous  flood.  The  Kansas  daily 
newspapers  of  the  24th  to  27th  report  heavy  rain  and  wind  storms, 
with  loss  of  life  and  property. 

Flood  in  vicinity  of  Topeka. — On  the  27th  the  Topeka  Capital 
reports  "200  homeless  in  Salina,  Kans.,  from  flood  due  to  rain  the  pre- 
vious night;"  also  several  tornadoes  in  Kansas  and  Iowa,  in  which  a 
number  of  persons  were  killed.  The  mean  reading  of  the  United  States 
Geological  Survey  gage  near  Salina,  on  Saline  River,  for  the  27th,  was 
32.6  feet,  only  about  1  foot  less  than  the  maximum  during  this  flood. 
On  the  28th  the  same  paper  reports  the  streams  in  Missouri,  Iowa, 
Nebraska,  and  Oklahoma  out  of  their  banks.  The  mean  daily  gage 
reading  at  Tjccompton  for  this  dat«  is  18  feet,  about  1  foot  higher 
than  at  ^i\y  time  during  the  previous  twenty-two  years.  On  May  29 
the  same  paper  reported  "the  worst  flood  situation  that  has  ever  con- 
fronted Kansas  for  many  years;  bridges  and  tracks  under  water; 
many  families  driven  from  their  homes;  thousands  of  acres  of  corn 
ruined,  and  greater  floods  expected  on  account  of  continued  heavy 
rain."  The  mean  daily  gage  reading  at  Lecompton  for  this  date  was 
21.1  feet,  which  is  3^  feet  higher  than  the  highest  in  the  twenty-two 
years'  record.  On  the  30th  the  same  paper  reports  "practically  all  of 
North  Topeka  submerged;  4,000  North  Topeka  persons  driven  from 
their  homes,  and  1,500  houses  partly  submerged."  The  mean  daily 
gage  height  at  Lecompton  for  this  date  is  24  feet,  which  is  6.4  feet 
higher  than  the  highest  reading  in  the  twenty-two  years'  record.  On 
Sunday,  May  31,  the  flood  in  Kansas  River  reached  its  maximum 
height.  The  mean  reading  of  the  Lecompton  gage  for  this  date  was 
28.75  feet  and  the  maximum  29.50,  which  is  about  12  feet  higher  than 
the  highest  gage  reading  at  this  place  in  twenty-two  years.  The 
Topeka  Capital  of  this  date  states  that  over  the  highest  part  of  North 
Topeka  the  river  was  flowing  5  feet  deep.  The  water  liad  reached 
the  eaves  of  many  houses  supposed  to  be  above  high  water. 
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Flood  in  the  vicinity  of  Kansas  City. — Missouri  River  at  Kansas 
City  reached  danger  line-^21  feet  gage  height — on  the  27th  of  May. 
On  the  morning  of  the  31st  it  reached  27^  feet,  and  on  June  1  it 
reached  its  highest  point — 35  feet — which  is  14  feet  above  danger  line 
and  only  2  feet  below  the  highest  point  reached  by  the  great  flood  of 
June  20,  1844. 

The  Kansas  City  Times  of  June  1  deserited  the  condition  in  Kansas 
City  as  follows: 

Kansas  Ciiy  passed  yesterday  the  most  disastrons  day  in  its  history;  and  to-day 
an  emergency  confronts  its  people  greater  than  they  have  ever  known  before: 
problems,  too,  that  affect  the  welfare  of  all  of  the  city  are  to  be  met,  and  they  miu^t 
be  met  promptly.  All  Satnrday  night  and  all  yesterday  the  torrents  s^wept  down 
the  Missouri  and  Kansas  nntil  the  valleys  of  the  Kansas  and  Missonri  werea  (^olid 
mas.<^  of  raging  water  from  bluff  to  blnff .  On  the  Union  Depot  platform  there 
were  6  feet  in  depth  of  water,  and  all  over  the  west  bottoms,  the  center  of  the 
heavy  wholesale  and  mannfacturing  business  of  the  city,  there  was  an  equal  or 
greater  depth.  Several  lives  it  is  known  have  been  lost,  and  many  more  it  is 
feared  have  perished.  Hundreds  were  rescued  from  impending  death,  bat  late 
last  night  people  standing  on  the  west  l)luff  could  hear  the  agonizing  cries  for  help 
from  men  and  women  in  houses  out  on  the  wide  expanse  of  water,  biit  what  the 
loss  of  life  has  been  can  not  bs  accurately  known  until  the  water  recedes.  Early 
yesterday  frame  and  other  unstable  structures  in  Argentine  and  Armonrdale,  that 
had  been  partly  submerged  for  several  days,  began  to  leave  their  f onndations  and 
float  away,  thus  a  great  mass  of  wreckage  collected;  it  swept  down  on  the  bridges 
that  spanned  the  Kansas.  First  the  Kansas  City  Belt  Line  bridge  above  the  stiM.-k 
yards  went  out,  later  the  bridges  at  the  stock  yards  and  the  Union  Pacific  Rail- 
road bridge.  The  mass  of  wreckage  grew.  Sw^n  it  was  joined  by  the  great  oil 
tank  that  ha<l  floated  down  from  the  Armourdale  oil  plant,  which  surged  againr^t 
the  double-deok  Central  Avenue  l)ridge,  which  carried  the  electric  railway  across* 
to  Kansas  City,  and  the  bridge  went  down  as  if  made  of  i^aper.  Five  more  bridges 
between  this  point  and  the  mouth  of  the  Kans;us  werv*  swept  away,  and  worst  »»f 
all  the  bridge  which  carried  the  flow  line  of  the  Kansas  City  waterworks  Trent 
down,  carrying  with  it  the  3f»-inch  pipe  which  furnishes  200,000  people  with  their 
water  supply. 

In  the  Kansas  City  Times  of  June  10  is  the  following  statement  of 
the  Executive  Relief  Committee  of  Kansas  Citj^  Kans: 

Two  entire  wards  and  parts  of  two  others,  comprising,  by  the  official  cefnsms  of 
March,  1903,  at  least  23,000  out  of  the  population  of  60,000  in  the  whole  city,  an^ 
made  homeless  and  destitute.  Hundreds  of  their  houses  have  been  swept  aixray. 
and  those  that  remain  have  been  under  10  to  20  feet  of  water,  and  left  with  a 
deposit  of  silt  both  inside  and  out  from  1  to  3  feet  in  depth.  In  most  instance^ 
persons  were  able  to  save  only  the  clothing  they  wore.  Their  household  j^kkL^ 
and  clothing  have  been  swept  away  or  destroyed  by  the  water  and  mnd. 

Flood  m  vieinity  of  Lairre?ice. — Some  idea  of  the  magnitude  of  the 
flood  and  its  effect  in  the  vicinity  of  Lawrence,  Kans.,  can  be  gathereil 
from  the  following  notes  taken  from  the  Lawrence  Daily  Journal: 

At  3  a.  m.,  May  29,  the  pumping  plant  which  supplies  the  city  with  water  was 
compelled  to  shut  down  on  account  of  the  very  high  water,  and  it  could  n<»t 
resume  pumping  again  until  June  6.     At  8  a.  m.  the  electric-light  plant  was 
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coiui)elled  to  shut  down.  At  noon  the  water  broke  through  the  Union  Pacific 
embankment,  flooding  North  Lawrence.  The  Santa  Fe  trains  could  not  pass 
Lake  View,  4  miles  west  of  Lawrence,  on  the  main  line. 

At  9  a.  m..  May  30,  Congressman  Bowersock's  flouring  mill  was  swept  off  from 
its  foundation,  and  in  a  few  minutes  not  a  vestige  of  it  was  left.  The  flume  also 
was  destroyed,  but  the  dam  was  practically  uninjured. 

Six  hundred  feet  of  the  Eudora  highway  bridge  was  swept  away  this  morning. 
♦  *  *  The  water  is  running  over  the  Lecompton  highway  bridge,  and  the  floor 
is  being  taken  up  to  save  the  structure  being  swept  away.  *  *  *  During  the 
day  50  buildings  were  counted  as  they  passed  over  the  dam. 

June  1:  The  scene  in  North  Lawrence  is  one  of  destruction  and  desolation. 
There  is  probably  not  a  building  standing  on  its  foundation  west  of  Bridge  street, 
save  the  few  structures  north  of  the  Usher  block,  and  there  is  hardly  a  habitation 
of  any  kind  for  man  or  beast  in  that  imrt  of  the  city.  The  part  north  of  the 
Union  Pacific  depot  has  also  been  swept,  and  numerous  houses  there  have  been 
carried  from  their  foundations  down  the  streets.  The  Griffin  ice  houses  and 
their  contents,  the  transfer  bams  and  their  equipment,  including  several  head  of 
horses,  the  Union  Pacific  freight  depot,  and  many  of  the  larger  frame  stores  were 
carried  down  by  the  stream,  while  the  foundations  of  brick  and  stone  structures 
softened,  and  the  crumbling  ruins  are  all  that  is  left  to  tell  the  story  of  their 
existence. 

There  was  very  little  furniture  or  i)ersonal  property  saved.  No  opportunity 
was  afforded  to  get  live  stock  on  higher  ground.  *  *  *  At  5.30  Sunday  even- 
ing the  north  span  of  the  Lawrence  highway  bridge  was  swept  from  its  piers  by 
the  house  of  Mr.  William  Parsons  striking  it  as  it  was  being  swept  away  by  the 
raging  torrent.  This  house  had  only  been-  deserted  by  Mr.  Parsons  and  his  family 
on  Friday,  and  contained  all  of  its  furniture.  If  it  had  not  been  for  the  fore- 
thought of  the  authorities  in  uncoupling  this  bridge  span  from  the  others  In 
anticipation  of  such  ah  accident,  the  damage  to  the  bridge  might  have  been  much 
^eater. 

Flood  in  vicinity  of  St  Louis. — At  St.  Louis  the  highest  stage  of 
the  river  was  38  feet,  or  half  a  foot  higher  than  the  flood  of  1858  and 
3.4  feet  below  the  flood  stage  of  1844. 

The  Journal  of  Agriculture  for  June  contains  the  following: 

• 

The  great  flood  of  1844,  although  it  reached  a  higher  point,  did  comparatively 
little  damage,  as  the  localities  covered  by  it  were  almost  uninhabited  at  that  time. 
Kansas  City,  with  its  great  railroad  and  packing  industries,  was  not  even  dreamed 
of  and  was  bare  prairie  land.  East  St.  Louis,  which  is  now  a  big  city  engulfed 
in  the  flood,  had  no  existence,  but  was  simply  an  entrance  to  St.  Louis.  *  *  * 
So  the  former  floods,  however  high  their  waters,  could  inflict  but  small  loss  com- 
pared with  that  now  deluging  so  many  thousand  miles  of  fertile  country  and 
cities  teeming  with  large  i)()pulation.  The  money  loss  involved  is  simply  enor- 
mous, but  the  most  lamentable  feature  is  the  loss  of  life.  *  *  *  The  damage 
inflicted  by  these  periodic  inundations  seems  to  be  irremediable.  The  ingenuity 
of  man  has  not  yet  been  able  to  suggest  any  plan  by  which  the  excessive  rainfall 
which  causes  floods  can  be  subjected  to  control.  To  anyone  who  saw  the  mighty 
Missouri  at  its  highest  flood  near  the  junction  with  the  Mississippi  the  bare  idea 
of  storage  reservoirs  and  dams  is  absurd.  Its  volume  is  so  vast  that  probably  no 
valley  in  our  country  could  contain  it,  even  if  it  were  at  all  i)08sible  to  restrain  it 
by  dams  and  bariiers.  The  Missouri  River  defies  restraint,  and  all  that  can  pos- 
sibly be  done  to  mitigate  its  ravages  when  on  the  rampage  is  to  be  prepared  for  it 
generally  and  by  building  railroads  and  dwellings  in  future  higher  than  its 
recorded  heights. 
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Daily  rainfall  at  WeatJier  Bureau  stations^  May  IdSl,  i.w.t  — Contmned- 


Station. 


25. 


Willi8ton,N.Dak... 
Bismarck,  N.  Dak  _  _  _ 

Pierre,  S.  Dak 

Rapid,  S.  Dak 0. 02 

Huron,  S.  Dak .08 

Yankton,  S.  Dak 

St.  Paul,  Minn 

Moorhead,  Minn 


.62 


Valentine,  Nebr  _ . . 
North  Platte,  Nehr 

Line  In,  Nebr 

Omaha,  Nebr 

Concordia,  Kans. . . 

Topeka,  Kans 

Wichita,  Kans 

Dodge,  Kans 

Denver,  Colo 

Pueblo,  Colo 

Cheyenne,  Wyo 

Oklahoma,  Okla 

Fort  Worth,  Tex  . . 

Dubuque,  Iowa 

Davenport,  Iowa  _ . 
Des  Moines,  Iowa. . 

Keokuk,  Iowa 

Sioux  City,  Iowa  .. 
Kansas  City,  Mo  _ . 

St.  Louis,  Mo _ 

Springfield,  Mo 

Hannibal,  Mo 

Fort  Smith,  Ark... 
Little  Rock,  Ark  _. 


.04 
.08 
1.37 
.95 
.16 


29 


.01 


.10 
.08 
.18 
.52 
.01 
.22 
.01 


.06 


25. 

0.08 
.20 
.04 


27. 


.24  * 
.39 
1.04 


.50 
.18 

i.as 

.93 
.96 
.21 
''>2 
.30 

T. 
.06 

T. 

T. 

T. 

1.40 
.87 

2.08 


.47 
T. 
T. 
T. 
T. 
T. 


0.01 
.39 
.24 


.43 
.56 


28. 


0.60 


T. 


29. 


0.04 


30. 


.46        T. 
.12    


.43 


.28 
.26 


1.11 
.42 

1.38 
.06 


.76 
.12 
T. 
.04 


*>2 


T. 


.01 
.15 
T. 
1.64 
.24 
.22 
.28 
.01 
.22 
.12 
.18 
.68 
.02 
.38 
.06 


.40       0.10 


.01 


.20 


.02 
1.14 


.32 
.4*J 

1.94 
.52 

3.68 

1.71 
.82 
.03 
.03 

T. 

T. 

3.26 
.46 

T. 
.32 
.94 

T. 

2.27 
.23 
.40 
.80 
.28 

1.96 
.68 


.02 

.06 

1.13 

.40 


.02 

T. 
.34 

2.02 

2. 52 

T. 
.42 
.68 

T. 

1.54 
.32 
.12 
.91 


31. 


0.50 
.16 


as 


10 
10 


.25 

.43 

.26 

.91 

.02 

.26 

.04 

.28 

T. 


.12 
.46 
.30 
.38 
.08 

1.0: 
.42 

1.66 

1.61 
.44 

T. 


Total 

3.,«t7 
3.J19 
1.71 
1.  4 
1 .  57 
4.55 
2.65 
3.10 
1.4S 

8.09 

5.21 

10.59 

5.41 

6.17 

1.X9 

.:U 

.2S 

.:^ 

9.  :i< 

1.15 

3.76 

5.  '16 

9.:?^ 

.T38 

6.21 

5. 10 

1.61 

6.4:3 

3.96 

4. 15 

3. 27 


In  the  nortlieast-coiitral  part  of  Kansas  in  the  vicinity  of  Coneonlia, 
where  the  precipitation  was  p^reatest,  it  rained  dail}-  for  fifteen  days, 
a  total  of  about  10  inches  in  depth. 

Rainfall  during  sUnnn  and  during  May  compared. — The  rainfall 
for  the  first  half  of  May  was  considered  above  the  normal  for  tliis 
month;  the  streams  were  carrying  more  than  their  normal  ainounf,  as 
can  be  seen  from  the  gage  readings  in  the  table  on  pages  85,  30,  and  the 
ground  storage  available  was  small.     It  was  this  lack  of  surface  and 
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Pacific  bridge,  which  withstood  the  flood,  is  a  very  heavy,  double-track 
bridge,  and  was  loaded  from  end  to  end  with  locomotives.  Some  idea 
can  be  formed  of  the  debris  which  came  down  the  river  from  the 
amount  which  was  lodged  against  the  piers  and  abutments  of  this 
bridge.  (See  PI.  V,  B.)  The  damaged  bridges  were  nearlj*^  all  steel 
structures  of  about  200  feet  span,  resting  on  masonry  or  metal  piers. 
Several  of  them  were  double-track  structures.  The  cost  of  replacing 
them  is  estimated  to  be  from  one  and  a  quarter  to  one  and  a  half  mil- 
lion dollars.  One  of  the  bridges  destroyed  carried  a  36-inch  water- 
supply  pipe  for  supplying  Kansas  City,  Mo.,  and  a  part  of  Kansas 
City,  Kans.,  with  water.  As  a  result  of  its  failure,  the  w^hole  city  was 
without  water  for  twelve  days,  and  the  electric-light  company,  gas 
company,  and  street  railways  were  compelled  to  shut  down  for  lack 
of  water. 

The  highway  bridge  at  Eudora  was  partly  washed  away.  The  high- 
Vay  bndge  at  Lawrence  had  one  span  washed  away.  The  river  at 
this  point  made  a  new  channel  around  the  north  end  of  the  bridge, 
washing  away  the  Union  Pacific  freight  station  and  several  other 
structures.  In  September  the  total  flow  of  the  river  was  passing 
through  this  new  channel. 

The  highway  bridge  at  Lecompton  was  uninjured,  but  a  channel 
was  scoured  around  the  north  end  of  it.  All  the  bridges  across  the 
Kansas  at  Topeka  were  destroyed  except  the  Melan  arch  bridge,  and 
the  approaclies  of  that  were  so  badly  damaged  that  for  several  days 
the  only  means  of  access  between  the  north  and  south  parts  of  the 
city  was  by  boat. 

By  acoiiring  action. — The  damage  due  to  the  scouring  action  of  the 
flood  was  very  great,  the  railroad  companies  being  the  heaviest  losers 
in  this  respect.  Many  miles  of  railway  track  located  near  Kansas 
River  were  washed  away  or  badly  undermined. 

It  can  be  shown  mathematically  that  the  increase  in  the  scouring 
action  of  water  and  its  transporting  power  is  proportional  to  the  sixth 
power  of  the  velocity.  If,  for  example,  the  velocity  along  the  bed  of 
a  stream  at  a  given  point  is  2  feet  per  second  at  ordinary  stage,  and 
during  the  flood  the  velocity  is  found  to  be  4  feet  per  second,  then 
the  cutting  or  scouring  action  of  the  water  for  the  4:  feet  velocity  dur- 
ing flood  is  sixty-four  times  that  of  the  2  feet  velocity  at  ordinary 
stage,  and  bowlders  will  be  carried  along  during  the  flood  that  are 
sixty-four  times  as  heavy  as  those  carried  at  ordinary  stage. 

However,  the  power  of  a  stream  in  flood  to  cut  river  banks  and 
make  new  channels,  as  compared  with  its  action  at  ordinary  flow, 
varies  at  a  much  larger  rate  than  as  the  sixth  power  of  its  velocity, 
because  the  toughness  of  a  bank  of  alluvial  material  and  its  ability  to 
resist  scour  decreases  very  rapidly  from  the  bottom  toward  the  top. 
Take,  for  example,  the  case  of  a  stream  flowing  in  a  channel  with 
banks  10  feet  high.     When  the  water  is  2  feet  deep  it  comes  in  contact 
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with  only  the  lower  2  feet  of  the  bauk,  which  is  tough  and  firm.  Wlu*n 
the  river  rises  3  feet,  the  water  flows  more  rapidly  and  comes  in  con- 
tact with  a  part  of  the  bank  which  is  5  feet  up  from  the  boil,  and 
which  is  less  tough  and  more  readily  scoured.  When  wat«r  rises  U* 
8  feet  or  more,  the  velocity  is  several  times  greater  than  at  the  shal- 
low depth  and  the  water  comes  in  contact  with  a  part  of  the  bank 
much  more  ejisily  eroded  than  the  jiortion  near  the  bottom;  henc^*  tlie 
wear  is  very  rapid  during  a  flood,  and  in  a  few  hours  deep  channels 
are  cut  and  aei'es  of  land  vrashed  away.  This  cutting  action  is  ;jreat- 
est  just  below  a  bend  in  the  stream.  Her©  water  tends  to  continue 
moving  in  a  straight  course,  and  hence  strikes  the  concave  surface*  of 
the  bank  just  below  the  bend.  When,  as  during  the  recent  flood,  th(* 
river  rises  high  above  its  banks,  it  takes  a  straight  course,  reg:ardles.s 
of  its  banks,  and  often  does  much  damage  where  it  was  supi>ose4l  the 
water  could  never  reach.  The  new  channel  through  North  Lawrence 
around  Wie  dam  is  200  feet  wide  and  so  deep  that  the  whole  flow  of 
the  river  passes  through  it.  The  bed  of  the  Kansas  at  Leeompton 
Bridge  was  scoured  to  a  depth  of  from  3  to  6  feet  during  the  floo<l;  a 
depth  of  several  feet  was  scoured  also  for  several  hundreil  feet  in 
width  north  of  the  north  abutment.  A  large  amount  of  material  was 
scoured  from  the  left  bank  of  Republican  River  at  the  gaging  station 
at  Junction,  and,  in  fact,  in  manj'^  places  along  the  stream  there  i^ 
evidence  of  a  very  considerable  amount  of  material  having  been  var- 
ried  away.  In  many  places  material  has  been  dejiosited  as  well. 
Some  of  this  deposit  is  line  silt  which  will  enrich  the  land,  but  often 
it  is  sand  which  will  injure  it  to  a  considerable  extent. 

HYDROGRAPHIC  DATA  OF  KANSAS  RIVERS. 
METHOD   OF   OBTAINING  DATA. 

The  ITnited  Slates  Geological  Survey  has  at  present  eiglit  gagiui: 
stations  in  the  Kansas  River  basin.  Four  of  these  are  in  the  Repul>- 
lican  River  basin,  two  at  Benkelman,  Nebr.,  one  at  Superior,  Nebr., 
near  the  State  line,  and  one  at  the  mouth  of  the  river  near  Junc- 
tion, Kans.  There  is  one  on  the  Smoky  Hill  River  at  Ellsworth,  one 
on  the  Saline  near  its  mouth,  one  on  the  Solomon  near  its  mouth, 
one  on  the  Blue  near  its  mouth,  and  one  on  the  Kansas  at  Lecnimji- 
ton.  Six  of  these  stations  have  been  in  operation  about  eight  years. 
At  each  of  these  stations  there  is  a  gage  for  measuring  the  rise  and 
fall  of  the  water  surface.  This  gage  is  read  twice  a  day  by  a  ]>«  t- 
son  living  near  by,  and  a  copy  of  the  reading  is  sent  at  the  end  ot 
each  week  to  a  resident  hydrographer  who  has  charge  of  all  the  .Cita- 
tions in  that  State.  The  resident  hydrographer  visits  each  station 
several  times  a  year  to  measure  the  volume  of  water  flowing  an«] 
inspect  the  station.  He  measures  the  depth  at  5-foot  intervals  across 
the  stream  and  computes  tlie  area  of  the  prism  of  water  flowinj:. 
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He  also  measures  the  velocity  at  a  sufficient  number  of  points  in 
the  cross  section  to  enable  him  to  compute  the  mean  velocity  of  the 
prism  of  flowing  water.  From  the  cross  section  and  mean  velocity 
he  computes  the  volume  passing  down  the  stream  for  that  particular 
gage  height  and  stream  8tage.  After  he  has  obtained  the  volume  of 
flow  for  all  stages,  he  prepares  a  station  rating  table  which  gives  the 
volume  of  flow  for  each  gage  reading.  The  mean  volume  flowing  per 
day  is  then  taken  from  this  table,  using  as  a  gage  reading  the  mean 
of  the  gage  readings  of  the  morning  and  evening.  Having  the  mean 
daily  flow,  the  monthly  and  yearly  flow  are  easily  computed.  The 
tables  (pp.  37-68)  give  the  maximum  and  minimum  monthly  flow,  as 
well  as  the  mean,  for  purposes  of  comparison;  they  give  the  total  flow 
in  acre-feet,  for  purposes  of  storage;  the  run-off  per  square  mile,  to 
show  the  number  of  square  miles  necessary  to  yield  a  given  flow  per 
second,  also  the  depth  in  inches  of  run-off,  for  the  purpose  of  showing 
the  proportion  of  rainfall  that  is  flowing  in  the  stream. 

The  table  on  pages  35, 36  gives  the  mean  daily  gage  heights  and  corre- 
sponding estimated  discharges  for  May  and  June,  1903,  at  seven  of  the 
gaging  stations  in  the  Kansas  River  basin.  These  flood  discharges  are 
very  difficult  to  measure,  or  even  to  estimate.  In  fact,  it  was  impos- 
sible to  measure  the  velocity,  or  even  to  visit  some  of  the  stations  dur- 
ingthis  flood.  During  floods  there  isalways  more  or  less  back  wat-er,  and 
consequent  retarding  of  velocity,  so  that  usually  the  volume  of 
water  flowing  is  much  less  than  the  flooded  land  indicates;  much  of 
the  overflow  water  has  very  little  velocity,  so  that  flood  estimates 
made  by  eye  are,  as  a  rule,  too  large.  In  computing  the  discharges 
in  the  table  the  station-rating  table  has  been  extended  to  the  greatest 
gage  height,  assuming  that  the  banks  were  not  overflowed,  and  a 
certain  percentage  of  the  discharge  has  been  added,  depending  on  the 
magnitude  of  the  overflow  and  the  velocity  as  shown  by  the  scour. 
The  difficulty  of  computing  accurately  the  discharge  during  this  flood 
is  further  complicated  by  the  change  in  the  bed  of  the  stream  during 
the  flood.  The  station-rating  curve  for  1902  can  not  be  used  for 
computing  the  discharge  for  1903,  and  the  discharge  measurements 
made  in  1903  are  too  few  to  enable  a  good  station-rating  table  to  be 
prepared.  At  the  Lecompton  and  Junction  stations  the  river  bed  was 
scoured,  so  that  the  discharge  after  the  flood  was  greater  than 
before  it  for  a  given  gage  reading.  At  Salina,  Niles,  and  Ellsworth 
the  channel  was  fiUed  in  to  such  an  extent  at  some  point  below  the 
station  that  the  discharge  is  less  for  a  given  gage  reading  since  the 
flood  than  before  it.  The  bed  of  the  stream  at  the  Manhattan  station 
changed  very  little  during  this  flood.  The  results  given  in  the  table 
are  believed  to  be  under-  rather  than  over-estimates. 

This  table  is  arranged  so  as  to  show  the  increase  in  flow  from  the 
western  part  of  the  drainage  basin  to  the  eastern  part.     The  run-off 
per  square  mile  in  May  increases  from  0.30  second-foot  ^t  Ellsworth 
IRR  96—04 3 
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in  the  western  part  to  2.01  second-feet  at  Manhattan,  and  in  June 
increases  from  0.12  second-foot  at  Ellsworth  to  1.73  second-feet  at 
Manhattan. 

Among  the  many  interesting  facts  shown  by  the  table  the  following 
may  be  noted:  (1)  The  great  volume  of  flood  flow  as  compared  with 
the  ordinary  flow.  (2)  The  sudden  changes  in  stream  stage — as,  for 
example,  the  change  from  3.30  feet  gage  height  on  May  27,  at  Ells- 
worth to  15.40  feet  on  the  28th.  (3)  The  large  range  of  stage  of 
stream — as,  for  example,  the  change  from  5.90  to  36.50  feet  at  the 
station  on  Blue  River. 

It  is  seen  from  the  Ellsworth  record  that  this  flood  extended  only  a 
short  distance  west  of  Ellsworth,  Kans.,  that  is,  it  did  not  extend 
beyond  the  eastern  two-thirds  of  the  State  of  Kansas. 
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DESCRIPTION   OF  STATIONS  AND  DISCHARGE  TABLES. 
KANSAS  RIVBR  AT  LAWRENCB  AND  LBCOMPTON,  KANS. 

The  first  gaging  station  on  Kansas  River  was  established  in  1880  by 
Mr.  J.  D.  Bowersock  at  the  highway  bridge  at  Lawrence,  Eans.  The 
gage  consisted  of  a  vertical  timber  marked  to  feet  and  inches  and 
fastened  to  the  lower  side  of  the  pier  adjacent  to  the  right  bank. 
This  gage  was  read  daily,  or  of tener,  and  the  readings  recorded  when- 
ever there  was  any  material  change  in  them  until  August,  1895,  when 
this  place  was  selected  as  a  United  States  Geological  Survey  gaging 
station.  From  this  date  to  April  16,  1899,  gage  readings  were  taken 
twice  daily,  a  station-rating  curve  prepared,  and  the  run-off  computed. 
On  account  of  the  sluggish  flow  at  this  place  during  low  stages  it  was 
deemed  advisable  to  move  this  station  to  the  highway  bridge  at 
Lecompton.  This  bridge  and  the  gage  are  shown  in  PI.  VII,  By  p.  34. 
The  channel  at  this  place  is  about  800  feet  wide,  broken  by  four  metal 
piers.  The  bridge  is  only  a  short  distance  from  a  bend  and  is  some- 
what oblique  to  the  course  of  the  stream.  The  bed  is  mainly  sand 
and  was  scoured  out  a  considerable  amount  during  the  recent  flood. 
The  gage  is  a  2  by  4  inch  timber  bolted  to  the  metal  pier  adjacent  to 
the  right  bank.  The  pier  on  the  right  bank  is  marked  to  half  feet  for 
high-water  gage  readings.  The  low- water  flow  is  practically  the  same 
at  Lecompton  as  at  Lawrence,  but  during  high  stages  Delaware  River 
contributes  a  considerable  amount  between  these  places. 

The  following  tables  give  run-off  at  Lawrence  and  Lecompton : 

Estimated  monthly  discharge  of  Kansast  River  at  Lawrence^  Kans. 

[Drainage  area  60,841  square  miles.] 


Month. 


1891. « 


January.. 
February 
March  . . . 


Discharge  in  second-feet. 


Maxi- 
mum. 


2,123 

7,400 

11,440 


April 12,550 


May 32,290 

Jime_ 35,750 

Jnly 19,370 

Augoflt I    9,440 

September 6,490 

October _. i  10,900 

aBuU.  U.  S.  (Jeol.  Survey  No.  140, 1886, 


Mini- 
mum. 


967 
1,098 
1,437 
5,207 
4,037 
13,120 
9,440 
3,673 
1,255 
2,687 


Mean. 


1,445 
3,538 
6,144 
8,455 
10,560 
23,102 
13,846 
5,444 
2,768 
5,925 


Total  in  acre- 
feet. 


88,850 
196, 491 
377, 780 
503, 107 
649,309 
1,374,664 
851,357 
334,739 
164, 707 
364, 314 
pp.  151-152. 


Bun-off. 


Seoond- 

feet  -pec 

square 

mile. 


0.02 
.06 
.10 
.14 
.18 
.39 
.28 
.09 
.05 
.10 


Depth  in 
inches. 


0.02 
.06 
.12 
.16 
.21 
.44 
.26 
.10 
.60 
.12 
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Estimated  monthly  discharge  of  Kansas  River  at  Lawrence,  Kan». — Continned. 


Month. 


1891. 

November 

December . 

The  year . 

18»2.« 

Jannary _ . 

February 

March 

April - . . 

May 

Jtme 

July 

An^^nst 

September 

October  _ 

November 

December 


Diachargre  in  seoond-feet. 


Maxi- 
mum. 


2,998 
4,808 


35,750 


2,395 

8,850 

23,600 

17, 890 


The  year. 

1893. « 

Jannary 

Febmary _ 

March 

April 

May  _ 

Jnne .-   _. 

Jnly 

Angnst 

September 

October 

November 

December 


The  year . 

1894.  a 

Jannary 

February 


14,890 
2,687 
3,673 
2,998 
1,643 
1,872 
1,643 


1,437 

6,490 

2,123 

2,998 

5,207 

21,440 

21,440 

15,500 

6,940 

10,900 

1,872 

1,872 


21,440 


1,643 
2,123 


Mini- 
mum. 


1,872 
1,870 


967 


1,255 

2,395 

6,940 

7,870 

14,890 

2,687 

1,437 

1,255 

787 

787 

1,098 

787 


787 


1,098 
1,255 
1,098 
1,255 
1,643 
3,327 
3,327 
1,643 

787 
1,098 
1,098 

787 


787 


787 
863 


Mean. 


2,382 
3,129 


7,228 


1,669 

5,292 

12,581 

12, 712 

37,005 

8,134 

2,059 

2, 010 

1,448 

1,042 

1,487 

1,225 


7,222 


1,278 
8,650 
1,839 
2,011 
8,209 
9,284 
8,474 
5,980 
2,072 
8,663 
1,426 
1,021 


3,617 


Total  in  acre- 
feet. 


1,280 
1,315 


141,739 
192,395 


Bnn-off. 


D0OOIld- 

feetper 

square 

mile. 


Depth  In 
inclHM. 


5, 289, 452 


102, 623 

304,399 

778, 576 

756, 417 

2, 275, 848 

484,007 

126,608 

128,590 

86,262 

64,070 

88,483 

75,822 


5, 260, 700 


78,581 
202,711 

82,832 
119,668 
197,814 
558,081 
521,046 
868,811 
128,298 
225,844 

84,858 

62,779 


2, 619, 758 


75,680 

78,248 


0.04 
.05 

.12 


03 

09 

21 

21 

61 

10 

03 

03 

02  I 

02  I 

02  ' 

03 


IB 


.02 
.06 
.02 
.08 
.05 
.16 
,14 
.10 
.03 
.06 
.02 
.03 


.06 


.02 
.03 


0.04 
.06 


2.19 


.03 
.09 
.24 
.23 
.70 
.11 
.03 
.03 
.02 
.02 
.02 
.02 


1.^ 


02 
06 
03 
03 

06 
18 
16 
IS 
03 
07 
02 
05 


79 


OS 
OS 


a  Bull.  U.  8.  Qeol.  Survey  No.  140,  IflM,  pp.  ISL-IBSL 
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Estimated  monthly  discharge  of  Kansas  River  at  Laxvrence,  Kans. — Continued. 


Month. 


1894. 


March 

April  -- 

May 

June 

July 

August 

September  _ 

October 

November  « 
December  «_ 


Discharge  in  second-feet. 


Mazi- 
mnm. 


4,085 
7,400 
2,123 
28,090 
11,990 
2,687 
2,128 
8,827 


The  year 

1895.  ft 

January  « 

February  « 

March  .  _ 

April 

May 

June 

July 

August 

September... 
October  _ 


Mini- 
mnm. 


1,256 
1,437 


787 


1,256 
1,437 

787 
967 

787 


1,346 
November ._.      1,846 


1,098 

1,643 

1,872 

1,437 

20,050 

10. 870 

28,190 

20,050 


December 


The  year 

1896.  <J 

January 

February 

March  -_.-_.•.. 

April 

May 

June 


1,540 

1,540 

1,437 

12, 550 

34,158 

38,583 

July _ j  58,308 

August .._ !  22,688 


1,255 


550 

967 

967 

787 

967 

2,395 

3,168 

1,255 

967 

868 

868 


698 
1,255 

825 
1,176 
4,223 
5,546 
5,546 
3, 956 


Mean. 


2,134 
2,903 
1,208 
9,044 
4,740 
1,478 
1,445 
1,189 
787 
550 


2, 326 


500 

680 

1,364 

1,372 

1,074 

5, 927 

5, 666 . 

11,318 

5,088 

1,090 

1,044 

926 


8,008 


978 

1,400 

1,230 

4,447 

13,944 

14, 8  ;9 

23,  408 

8. 935 


Bnn 

Total  in  acre- 
feet. 

Renond- 

f eet  per 

Bqnare 

xxdle. 

181, 215 

0.04 

172, 741 

.06 

74,277 

.02 

538, 155 

.17 

291,451 

.09 

90,879 

.03 

85,984 

.02 

78,109 

.02 

46,830 

.01 

38,818 

.01 

1,692,887 

.51 

88,818 

.01 

87,765 

.01 

83,869 

.02 

81,640 

.02 

66,088 

.02 

352,681 

.10 

848,389 

.10 

695, 917 

.19 

802, 757 

.09 

67, 022 

.02 

62, 122 

.02 

56, 988 

.02 

2, 188, 956 

.05 

59, 827 

.016 

80, 529 

.028 

75, 630 

.021 

264,615 

.074 

857, 389 

.280 

882, 980 

.250 

1,439,311 

.390 

549, 395 

.150 

Depth  in 
inches. 


0.04 
.05 
.02 
.15 
.08 
.08 
.02 
.02 
.01 
.01 


.04 


.01 
.01 
.02 
.02 
.02 
.11 
.12 
.22 
.10 
.02 
.02 
.02 


.69 


.018 
.025 
.024 
.082 
.260 
.280 
.450 
.170 


a  Approximate. 

ft  BuU.  U.  8.  GeoL  Survey  No.  140, 1896,  pp.  161-152. 

c  Eighteenth  Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  4,  l«fl7,  p.  228. 
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Estimated  Tnonthly  discharge  of  Kansas  River  at  LaiDrence,  Kans. — Contmued. 


Month. 


Difloharge  in  eecond-f  eet. 


Mazi- 
mnm. 


1896. 

September-- -.    12,560 

October 7,170 

November '  11, 440 

December --. 8,827 


The  year 

1897.  a 
Jannary  


58 


2 


February |  11 

March ,    5 

April  ...- 58 

May 14 

Jnne 32 

July- - 89 

August 5 

September 1 

October j    1 

November '    2 

December _      1 

The  year 


58 


1898.  ft 

January  - _ 

I 

February 6 

March 6 

April 6 

May .-.  26 

Jnne I  28 

July '  4 

August 2 

September 2 

October _ 1 

November 1 

December 


The  year 


28 


808 


687 
440 
887 
000 
890 
290 
000 
623 
255 
872 
687 
255 


000 


PiR 


490 
490 
490 
285 
990 
808 
895 
687 
177 
032 
035 


990 


Mini- 
xnuQi. 


2,128 
1,437 
2,128 
2,123 


825 


967 

1,643 

2,687 

4,035 

3,327 

2,395 

2,998 

897 

715 

787 

662 

562 


562 


863 

692 

1,643 

1,643 

5,207 

4,803 

1,255 

698 

692 

592 

517 

507 


50" 


Mean. 


4,436 
1,960 
3,724 
2,477 


6,814 


2,137 
4,720 
8,515 

18, 782 
5,907 
7,821 

10,420 

2,904 

969 

1,156 

1,927 

775 


4,628 


1,125 

2,700 

2,412 

3,497 

14, 555 

18,684 

2,570 

1,008 

1,397 

825 

746 

1,448 


Total  in  acre- 
feet. 


268,960 
120, 516 
221,598 
152,806 


4, 968, 051 


131,399 

262,136 

216, 130 

820,085 

363. 200 

485,630 

640,700 

178, 560 

57,660 

71,080 

114,664 

47,652 


8,338,896 


69, 174 

149, 950 

148,809 

208,085 

894, 958 

814, 253 

158,024 

61,980 

88,127 

50,728 

44,890 

89,085 


3,831  '     2,772,013 


Ban-off. 


Seoond- 

feetper 

aqnare 

mile. 


0.074 
.038 
.062 
.041 


.114 


.077 


.02 
.05 
.04 
.06 
.24 
.23 
.04 
.02 
.02 
.01 
.01 
.02 

.06 


Depth  in 
incbea. 


.035 

.079 

.059  : 

.280 

.099 

.122 

.174 

.049 

.016 

.019 

.032 

.013 


0.082 
.038 
.069 
.047 


1.545 


.040 
.082 
.068 
.256 
.114 
.136 
.201 
.056 
.018 
.022 
.036 
.015 


1.044 


02 
05 
04 
07 
28 
26 
03 
02 
03 
02 
01 
02 


87 


o  Nineteenth  Ann.  Rent.  U.  S.  Geol.  Survey,  pt.  4, 1899,  p.  360. 
fc  Twentieth  Ann.  Rept.  U.  S.  aeol.  Survey,  pt.  4, 1900,  p.  32S. 
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Estimated  monthly  discharge  of  Kansas  River  at  Lecotnpton,  Kans, 

[Drainage  area,  68,560  square  miles.] 


Month. 


1899.a 


Discharge  in  second-feet. 


Maxi- 
mnm. 


April*-  .- 

May-.-- - 16,800 

June |  34,800 

July 80,250 

August 8,335 

September _.  2,580 

October '_;  3,150 

November 8,000 


Mini- 
mnni. 


December 


1900. « 

Jaxmary - . . 

February - . . 

March 

April 

May 

Jime 

July 

August 

September 

October 

November 

December 8,618 


8,150 


3,481 

8,613 
24,898 

9,520 
12, 220 

9,200 
18, 722 

5,095 
15,685 

7,810 

8,110 


The  year 


1901.^ 


January  . 
February 
March  ... 

April 

May 

June 

Jtdy 

August  -. 


24,898 


2,880 
3,600 
3,865 
2,720 
1,850 
1,750 
1,950 
1,850 


2,960 
2,880 
3,220 
4,150 
6,045 
8,880 
3,613 
8,481 
8,880 
3,746 
8,618 
3,850 


2,830 


Mean. 


2,693 
5,455 
10,609 
9,771 
4,855 
2,154 
1,988 
2,236 
2,879 


2,875  1,210  1,772  108,956 

8,820  1,210  8,142  174,497 

11,110  4,465  6,353  890,631 

25,000  4,332  12,844  764,271 

7,005  2,625  4,767  293,111 

4,465  2,875  8,231  192,258 

2,625  275  1,123  69,051 

4,465  275       2,173  133,613 

a  Twenty-first  Ann.  Rept.  U.  8.  Geol.  Survey,  pt.  4, 1901,  p.  2S8. 
ft  For  entire  month,  based  on  gage  heights  of  April  16  to  80. 
« Twenty-second  Ann.  Rept.  U.  S.  Geol.  Survey, pt.  4,  IWJBjP.  338. 
<»  Water-Sup.  and  Irr.  Paper  No.  76,  U.  8.  Qeol.  Survey,  1908,  p.  144. 


8,421 
8,234 
7,807 
5,896 
7,965 
6,803 
7,340 
4,455 
6,947 
4,913 
4,622 
8,418 


5,527 


Total  in  acre- 
feet. 


160,245 
385,415 
681,279 
600,795 
298, 522 
128, 172 
119, 163 
138, 051 
146, 279 


210, 349 
179, 607 
480,034 
850, 886 
489, 749 
375, 055 
451, 319 
273, 927 
418, 375 
802, 089 
275,028 
210, 165 


4,011,583 


Run-off. 


Second- 
feet  ];>er 
square 
xnHe. 


0.05 
.09 
.18 
.17 
.08 
.04 
.03 
.04 
.04 


.06 
.06 
.13 
.10 
.14 
.11 
.18 
.08 
.12 
.08 
.08 
.06 


.10 


.03 
.05 
.11 
.22 
.08 
.06 
.02 
.04 


Depth  in 
inches. 


0.06 
.10 
.20 
.20 
.09 
.05 
.08 
.05 
.05 


.07 
.06 
.15 
.11 
.16 
.12 
.15 
.09 
.13 
.09 
.09 
.07 


1.29 


.03 
.05 
.13 
.25 
.09 
.07 
.02 
.05 
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Estimated  monthly  discharge  of  Kansas  River  at  Lecompton,  Kans. — Continiur^L 


Month. 


1901. 

September 

October 

November 

December 


The  year . 

1902.« 

January 

Febmary 

March .  _ . 

April 

May 

June 

July- 

August - 

September 

October 

November 

December 


The  year 


1908. 


January  .. 
February  . 

March 

April 

May 

June 

July 

August  --. 
September 
October . . . 
November 


Discharge  in  second-feet. 


Maxi- 
mum. 


6,710 
6,000 
1,886 
1,000 


26,000 


1,000 

626 

8,675 

8,416 

28, 076 

28,600 

81,400 

40,812 

68,060 

42,112 

18,820 

15,900 


81,400 


14, 170 

18,880 

26,000 

10,266 

221,000 

206,600 

20,900 

68,500 

18, 825 

6,000 

12,600 


December  _ I     8 ,  206 


The  year ,  221, 000 


Mini- 
mum. 


2,876 
446 
276 
626 


276 


446 

276 

100 

2,250 

2,126 

11,110 

11,460 

6,416 

6,270 

9,180 

9,460 

9,180 


100 


11,100 

9,180 

9,610 

6,276 

6,000 

11,000 

11,760 

11,187 

2,686 

2,876 

6,692 

6,000 


2,876 


Mean. 


4,867 

2,270 

1,222 

806 


8,672 


767 

492 

2,460 

2,658 

8,486 

17, 181 

88,291 

11,941 

14,990 

17, 784 

10,880 

11,786 


11,459 


12, 618 
11,086 
16,166 

7,182 
46,018 
66,268 
14,085 
27, 568 

8,681 
'  8, 698 
10, 182 

6,472 


18,992 


Bnn-olf. 


Total  in  acre- 
feet. 


259,855 
189,577 

72,714 
49,498 


2,648,082 


47, 161 

27,824 

161,259 

157,864 

618,648 

1,019,865 

2,  dsa,  422 

784,228 

891,977 

1,090,421 

614,480 

724,681 


8,861,725 


776, 542 

612,888 

998,894 

427,859 

2, 768, 049 

8,888,715 

866,052 

1,695,090 

618,680 

227,881 

605,871 

897,948 


18,766,834 


Second- 
feet  per     'DcfSh  in 
aqnare    '   iiicbe«. 
mile. 


0.07 
.04 
.03 
.01 


06 


01 
01 
04 
05 
14 
29 
65 
20 
26 
30 
18 
20 


20 


.22 

.19 
.28 
.12 
.77 
1.11 
.24 
.47 
.15 
.063 
.17 
.11 


.824 


O.Opi 
.05 
.03 
.01 


.85 


.01 
.01 
.05 
.06 
.16 
.32 
.75 
.33 
.29 
.85 
,20 
.33 


2.66 


.25 
.20 
.32 

.13 

.8S 

1.34 

.38 

.54 

.17 

.073 

.19 

.13 


4. 313 


a  Water-Sup.  and  Irr.  Paper  No.  8i,  U.  S.  GJeol.  Surv^,  IflOB,  p.  97. 
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The  hydrographs  of  this  river  at  this  station  (see  PI.  XII,  A^  p.  52) 
show  very  cleariy  how  the  discharge  varies  throughout  the  year.  The 
minimum  flow  occurs  in  December  or  January,  during  very  cold 
weather,  and  has  been  less  than  600  second-feet.  The  maximum  flow 
occurs,  as  a  rule,  some  time  between  May  1  and  July  31,  and  hence  is 
due  to  rain  and  not  melting  snow.  The  monthly  run-off  per  square 
mile  prior  to  May,  1903,  varies  from  0.01  to  0.60  second-foot  and  the 
yearly  run-off  per  square  mile  from  0.04  to  0.20  second-foot.  In  June, 
1003,  during  the  flood,  however,  the  run-off  per  square  mile  was  1.11 
second-feet,  and  the  run-off  for  the  year  was  0.324  second-foot.  The 
maximum  monthly  run-off  is  129  times  the  minimum  monthly  run-off . 

BLUE  RIVER  NEAR  MANHATTAN,  KANS. 

The  station  on  Blue  River  is  at  a  highway  bridge  4  miles  north  of 
Manhattan.  It  was  established  April  12, 1895,  and  has  been  in  opera- 
tion since  that  date.  The  channel  is  straight  for  several  hundred 
feet  above  and  below  the  bridge  and  is  225  feet  wide  at  ordinary 
stage,  without  piers.  The  bed  is  mainly  clay  and  changes  very  little. 
The  gage  is  a  vertical  timber,  marked  to  feet  and  tenths  of  a  foot. 
The  left  bank  is  subject  to  overflow.  During  the  flood  of  May  and 
June,  1903,  the  water  was  3  feet  deep  on  the  bridge,  and  the  drift  and 
a  considerable  ];>ortion  of  the  flood,  estimated  at  60  per  cent  of  the 
flow,  passed  around  the  bridge. 

The  following  table  gives  the  run-off  data  obtained  at  this  station: 


Estimated  monthly  discharge  of  Blue  River  near  Manhattan^  Kans, 

[Drainage  area,  9,480  square  miles.] 


Month. 


1895.  a 
April  14  to  80.  - 

May _  _ 

June • 

July 

August _ 

September 

October .  _ 

Noyember 

December 


DIflchaz 

'ge  in  second-feet. 

Maxi- 

Mini- 
mnm. 

Mean. 

605 

502 

548 

d86 

481 

552 

7,500 

552 

1,604 

2,801 

527 

756 

9,900 

478 

2,086 

8,550 

552 

1,207 

552 

385 

495 

605 

885 

531 

605 

502 

577 

Total  in  acre- 
feet. 


18, 479 
83,941 
95,444 
46,485 
125, 190 
71,822 
80,486 
31,597 
85,478 


Ban-off. 


Second- 
feet  per 
square 
mile. 


0.06 
.06 
.17 
.09 
.21 
.18 
.05 
.06 
.06 


Depth  in 
inches. 


0.04 
.07 
.19 
.10 
.24 
.15 
.06 
.07 
.07 


a  Eighteenth  Ann.  Kept.  U.  S.  Oeol.  Survey,  pt.  4, 1807,  p.  818. 
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Estimated  monthly  discharge  of  Blue  River  near  Manhattan,  Kana. — Contmned. 


Month. 


1896.  a 

January,- 

February 

Marcht 

April  16  to  30. 

May  - 

June . _ 

July 

August -. 

September  ... 

October 

November 

December 


1897.^ 

January 

February 

March 

April 

May 

June  - 

July 

August -  - 

September 

October . 

November 

December 


The  year . 

1898.rf 


January.. 
February 
March  _ . . 
April  .. 

May 

June 


Discharge  in  second-feet. 


Maxi- 
mum. 


Minl- 
mnm. 


605 
619 


5,283 

13,725 

19,425 

21,975 

12, 375 

4,724 

7,725 

4,724 

1,028 


1,300 

2,200 

2,165 

32,256 

4,815 

20,694 

8,158 

3,392 

970 

770 

810 

850 


32,256 


515 
502 


1,115 
1,32« 
677 
888 
1,007 
868 
363 
527 
408 


610 

610 

870 

1,200 

1,375 

810 

1,010 

890 

210 

320 

505 

610 


210 


Mean. 


568 
567 


830 

555 

5,319 

500 

1,050 

527 

3,335 

610 

8,648 

1,522 

10, 774 

1,081 

2,196 
4,800 
4,594 
5,494 
2,659 
1,621 
1,179 
1,189 
786 


965 

1,228 

1,434 

7,935 

2,232 

2,966 

2,555 

1,698 

578 

561 

681 

730 


1,964 


732 
2,078 

765 
1,485 
3,491 
4,496 


Total  in  aci^e- 
feet. 


8eeond- 

ftsat  per 

tM|nare 

mile. 


Depth  in 
incheis. 


34,925 
32, 614 


65,340 

295,142 

273,862 

337, 815 

163,497 

96,456 

72,494 

70, 751 

48,329 


59,335 

68,200 

88,174 

472, 166 

137,240 

176, 490 

157, 100 

104,405 

34,395 

34,494 

40,523 

44,886 


1,417,408 


45,009 

115,406 

47,028 

88,363 

214,658 

267,530 


0.06 
.06 


a  Eighteenth  Ann.  Kept.  U.  S.  Qeol.  Survey,  pt.  4, 1897,  p.  218. 
''No  record. 

'•Nineteenth  Ann.  Rept.  U.  8.  Geol.  Survey,  pt.  4, 1899,  p.  348. 
rf  Twentieth  Ann.  Rept.  U.  S.  Geol,  Survey,  pt.  4, 1900,  p.  319. 


.28 
.51 
.49 
.58 
.38 
.17 
.12 
.13 
.08 


10 
18 
15 
84 
24 
31 
27 
18 
06 
06 
07 
08 


.21 


.0^ 
.22 
.08 
.16 
.87 
.47 


o.ir: 

.06 


.13 
.59 
.55 
.67 

.31 
.19 
.13 
.14 
.OS* 


!•> 
14 
IT 
9;i 
•> 

31 

21 

07 

.07 


06 


1^ 


L  C*R  fJE*B  LAWRENCE,   K*NS. 
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Estimated  monthly  discharge  of  Blue  River  near  Maiihattan^  Kans, — Continued. 


Month. 


Diacharge  In  second-feet. 


1898. 


July 

Angnst  .. 
September 
October - 
November. 
December  . 


1,883 
610 
665 
637 
555 
775 


Mini- 
mum. 


Theyear.. 10,774 


1899.« 

Jannary 910 

February ...  1,080 

March 7,240 

April -  1,825 

May- !  29,698 

June I  80, 080 

July - 10,371 

August -.  6,867 

September  685 

October 2,212 

November 612 

December            - 747 


Theyear 80,080 


1900.6 

January 

February' 

March _ . 

April 

May 

June 

July 

Aug^t - . 

September 

October . .     . .  _ 


960 
815 
5,705 
4,457 
8,240 
1,690 
23,280 
2,927 
4,410 
1,110 


207       1,386 


Mean. 


Total  in  acre- 
feet. 


45,501 
27,916 
22,488 
22, 186 
26, 861 
37, 815 


960,151 


44,383 

48, 651 

118, 445 

56,172 

250, 981 

288,656 

165, 955 

94, 199 

29,683 

36,708 

31,894 

32, 220 


1,685       1,187,797 


38,061 
82,489 
85,845 
82,880 

168,230 
57,540 

158,638 
59, 827 

107, 821 
44,947 


Ron-off. 


Second- 
feet  per  \  Depth  in 


square 
mile. 


inches. 


0.08 
.05 
.04 
.04 
.05 
.06 


.14 


.08 
.09 
.19 
.10 
.43 
.50 
.28 
.16 
.05 
.06 
.06 
.06 


.17 


.07 
.06 
.15 
.15 
.29 
.10 
.27 
.10 
.19 
.08 


0.09 
.06 
.04 
.04 
.06 
.07 

1.90 


.09 
.09 
.22 
.11 
.49 
.56 
.82 
.18 
.06 
.07 
.07 
.07 

2.83 


.08 
.06 
.17 
.17 
.38 
.11 
.81 
.12 
.21 
.09 


a  Twenty-first  Ann.  Bept.  IT.  8.  Qeol.  Survey,  pt.  4,  IWVp.  2S87. 
frTwentywBeoond  Ann.  uept.  U.  S.  Qeol.  Survey,  pt.  4, 1908,  p.  337. 
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Estimated  monthly  discharge  of  Blue  River  near  Manhattan,  Kans. — Contintied. 


Month. 


1900. 


November 
December . 


The  year 


Discharge  In  second-feet. 


Maxl- 
mum. 


1,600 
685 


28,280 


1901.<* 

January 815 

February  4,082 

March  .            _..   3,018 

April 13,155 

May    j  3,825 

Jtme - 1,500 

Jtdy [  770 

ATigust 2,800 

September 1,010 

October 590 

November _.. !  1,825 

December '  680 


The  year . 

1902.fr 

Jannary 

February  

March 

April  .  _ 

May 

June 

July 

August 

September 

October 

November. 

December 

The  year . 


18,155 


560 

910 

910 

560 

17, 510 

17, 510 

43,430 

27,686 

29,990 

20,006 

4,740 

3,136 


43,430 


Mini- 
mum. 


590 
460 


270 


522 
635 


770 


1,010 
725 
460 
305 
380 
805 
380 
460 
880 


805 


408 

408 

480 

408 

408* 

910 

4,540 

1,790 

1,460 

1,790 

1,526 

1,066 


408 


Mean. 


727 
589 


1,258 


682 

1,471 

1,129 

2,146 

1,152 

828 

478 

775 

511 

470 

590 

498 


894 


461 

619 

618 

488 

2,157 

6,298 

16,866 

4,829 

5,011 

5,071 

1,945 

1,897 


3,818 


Total  in  acre- 
feet. 


43,259 
36,216 


915,208 


41,935 
81,695 
69,420 
127,696 
70,834 
49,269 
29,084 
47,653 
30,407 
28,899 
35,107 
30, 621 


642,620 


28,346 

34,878 

37,988 

28,740 

182,629 

374, 757 

1,037,050 

266,180 

298, 175 

311,804 

115, 735 

116,642 


2, 782, 419 


Ban-off. 


feet  per   ,  Depth  in 
square    <   mches. 
mile. 


0.08 
.06 


.13 


.07 
.16 
.12 
.23 
.12 
.09 
.05 
.08 
.05 

.a5 

.06 
.05 

.09 


r 


.05 
.07 
.07 
.05 
,23 
.66 
1.78 
.46 
.53 
.53 
.20 
.20 


.40 


a  Water-Sup.  and  Irr.  Paper  No.  75,  U.  S.  Qeol.  Survey,  1908,  p.  143. 
b  Water-Sup.  and  Irr.  Paper  No.  84,  U.  S.  Geol.  Survey,  1908,  p.  ». 


0.09 
.07 


1.81 


.06 
.17 
.14 
.26 
.14 
.10 
.06 
.09 
.06 
.06 
.07 
.06 


1.29 


.06 
.07 

.08 
.06 


27 


.74 
2.a5 
.53 
.59 
.61 
.23 
.23 


5. 51 
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Est  ii fiat ed  monthly  discharge  of  Blue  River  near  Manhattan  ^  Kaiis. — Cont.nned. 


Month. 


1908. 


January  . 
February 


Discharge  in  seoond-f  eet. 


Maxi- 

mnm. 


Hini- 
mum. 


2,710 
11,460 


March 9,815 

April 1,560 

May 68,770 

June __.    66,170 

July _ 4,580 

August _ 34,710 

September 6,285 

October 2,710 

November i    5,860 

December '    2,290 


The  year ,  68,770 


875 

785 
1,220 

785 
1,220 
3,480 
1,700 
1,840 
1,155 

925 
1,035 

785 


Mean. 


I  Total  in  acre- 
feet. 


1,542 
2,373 
4,929 
1,046 
19,092 
16,427 
2,644 
9,626 
2,576 
1,387 
1,849 
1,044 


785  1  5,874 


94,814 

131,790 

303, 072 

62,241 

1,173,920 

977, 474 

162, 573 

591,880 

153,282 

82,209 

50,519 

64,193 


•Rnn-off. 


Second- 
feet  i)er 
square 
mile. 


0.16 
.25 
.52 
.11 

2.01 

1.73 
.28 

l.Oi 
.27 
.14 


Depth  in 
Inches. 


0.18 
.26 
.60 
.12 

2.42 

1.93 
.32 

1.16 
.80 
.16 


3, 847, 967 


.19 

.11 

.21 
.13 

.565 

7.79 

The  hydrograph  of  this  stream  at  the  gaging  station  is  shown  on 
PI.  XII,  B^  p.  52.  It  resembles  to  some  extent  that  for  the  station 
on  Kansas  River  at  Lawrence,  the  minimum  discharge  occurring  in 
December  or  January,  and  the  maximum  some  time  between  April  1 
and  August  31.  The  monthly  run-off  per  square  mile  prior  to  1903 
varied  from  0.04  to  1.78  second-feet,  and  the  yearly  run-off  per  square 
mile  from  0.09  to  0.40  second-foot.  In  May,  1903,  the  run-off  per 
square  mile  was  2.01  second-feet,  and  the  run-off  per  square  mile  for 
the  year  1903  was  0.565  second-foot.  The  maximum  monthly  dis- 
charge is  53  times  the  minimum  monthly  discharge. 

This  stream  is  seen  to  have  a  more  steady  flow  than  Kansas  River. 
This  is  because  the  Blue  has  a  larger  rainfall  over  its  whole  drainage 
area  than  the  Kansas.  In  the  Blue  River  watershed  the  mean  annual 
rainfall  is  about  30  inches,  and  in  the  Kansas  River  basin  it  varies 
from  35  inches  in  the  eastern  part  to  12  inches  in  the  western  part. 

REPUBLICAN  RIVBR  AT  JUNCTION,   KANS. 

There  are  four  stations  on  Republican  River.  One  is  at  Junction, 
Kans.,  one  at  Superior,  and  two  at  Benkelman,  Nebr.  The  station 
at  Junction,  Kans.,  is  at  Washington  street  highway  bridge.  It  was 
established  April  26,  1895,  and  has  been  maintained  continuously 
since  that  time.  This  bridge  is  at  a  large  bend  in  the  stream.  At 
low  stages  the  channel  is  straight  for  200  feet  above  and  below  the 
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station.  The  width  is  about  375  feet,  broken  by  three  piers.  The 
bed  is  sandy  and  somewhat  changeable.  The  velocity  is  rapid.  The 
gage  is  a  vertical  timber  marked  to  feet  and  tenths  of  a  foot.  Daring 
the  flood  of  May  and  June  a  portion  of  the  flow,  estimated  at  50  per 
cent  of  the  total,  passed  around  the  left  abutment  and  scoured  out  a 
channel  about  4  feet  deep  and  200  to  300  feet  in  width. 

The  run-off  results  obtained  at  tLis  station  are  given  in  the  fol- 
lowing table : 

Estimated  monthly  discharge  of  Republican  River  at  Junction,  Kans, 

[Drainage  area,  S5,837  square  miles.] 


Month. 


1895." 
Jtdy    .. 
August  - 
September    . . . 
October  _ . . 
November.   _ . 
December 


Maxi- 
mum. 


6,000 
625,000 

4,170 
826 
355 
575 


1896. « 

January . 556 

February 1,181 

March ...  504 

April 3,770 

May  - 3, 920 

June    I  3, 980 

July 1637,500 

August  ...    2, 840 

September     2, 425 

October  _ .         ...   2, 180 

November         .    ...  1, 480 

December     ..   1,121 


The  year. '637,500 


1897.  c  I 

January  '  1,160 

February  |  3, 055 

March  ...         ..    j  1,160 


rgre  in  seoond-feet. 

Mini- 

Mean. 

439 

1,800 

265 

3,192 

219 

542 

220 

249 

230 

282 

230 

392 

392 

448 

504 

756 

504 

504 

485 

1,414 

785 

2,124 

494 

1,370 

594 

3,678 

459 

893 

326 

-667 

356 

475 

459 

655 

594 

810 
1,150 

326 

560 

740 

625 

1,343 

750 

898 

Total  in  ai^re- 
feet 


110,678 
196,269 
32,251 
15,310 
16, 779 
24,103 


27,547 
43,486 
30,990 
84,139 

180,601 
81,520 

226,153 
54,909 
89,690 
29,207 
38,976 
49,805 


837,028 


46,507 
74,563 
55,228 


Hun-Kxtt, 


Seoond- 
feet  per 
square 
mile. 


Depth  in 
incbesw 


0.070 
.124 
.021 
.010 
.011 
.015 


.017 
.029 
.019 
.055 
.082 
.053 
.142 
.084 
.026 
.018 
.025 
.031 


.044 


O.OM 

.14:i 
.03:^ 
.  012 
.012 
.017 

.(til 

.ir>2 

.<i61 
.  <»»r> 

.1<^ 

.4»2y 
.  ir2i 

.  <i:v; 


.029 
.052 
.085 


.0:^. 


a  Eighteenth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  4, 1897,  p.  206. 

''Estimated. 

c  Nineteenth  Ann.  Rept.  U.  8.  Geol.  Survey,  pt  4, 1809,  p.  84a 
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Estimated  monthly  discharge  of  Republican  River  at  Junction^  Kans, — Continued. 


Month. 


1897. 


April 

May 

Jnne 

Jtdy 

Angast  ... 
September 
October  . . . 


Discharge  in  second-feet. 


Maxl- 
mnm. 


8,250 
2,550 
6,053 
6,360 
2,210 
537 
415 


Minl- 
mmn. 


November 1,120 


December 


The  year 

1898. « 

January  

February 

March 

April 

May 

June 

July 

August 

September 

October 

November.   . . . 
December  .   . . . 


930 


6,360 


1,000 
325 
290 
440 
254 
125 
85 
290 
290 


Mean. 


85 


900 

1,895 

825 

1,810 

7,175 

6,165 

645 

252 

325 

252 

475 

645 


Theyear ,    7,175 


1899.6 

January  . 870 

February 1, 020 

March  ...         2,320 

April    1,020 

May !  7,750 

June ...            I  12,000 

July 3,570 

August - 2,895 


475 
645 
475 
590 
862 
700 
210 
69 
69 
124 
210 
325 


69 


500 
555 
870 
615 
500 
475 
395 
295 


2,032 
833 
1,592 
1,824 
619 
204 
205 
632 
668 


966 


732 

1,034 

656 

804 

2,126 

2,125 

429 

142 

155 

190 

810 

408 


759 


702 

768 
1,432 

870 
1,515 
1,959 
1,415 

838 


Total  in  acre- 
feet. 


120, 895 
51,213 
94, 713 

112, 147 
38,042 
12,156 
12,605 
87, 577 
41,070 


695, 716 


45,009 

57,425 

40,336 

47,841 

130,723 

126,446 

26, 378 

8,732 

9,223 

11,683 

18,446 

24,780 


547, 022 


43,165 
42,653 
88,050 
51,769 
93,154 
116,569 
87,005 
51,527 


Ron-olf. 


Second - 

feet  per 

square 

mile. 


0.078 
.032 
.062 
.071 
.024 
.008 
.008 
.024 
.026 

.037 


a  Twentieth  Ann.  Bept.  U.  S.  GJeol.  Snrvey,  pt.  4,  IWOj?.  818. 
ftTwenty-flrst  Ann.  Kept.  U.  8.  Gtool.  Survey,  pt.  4, 1901,  p.  2a, 


.08 
.04 
.03 
.03 
.08 
.08 
.02 
.01 
.01 
.01 
.01 
.02 


.03 


.027 
.030 
.055 
.034 
.059 
.076 
.055 
.032 


Depth  in 
inches. 


0.087 
.037 
.068 
.082 
.028 
.009 
.009 
.027 
.030 


.504 


.03 
.04 
.03 
.08 
.09 
.09 
.02 
.01 
.01 
.01 
.01 
.02 


.39 


.031 
.031 
.063 
.038 
.068 
.085 
.063 
.037 


IRR  96—04- 
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Estimated  monthly  discharge  of  Republican  River  at  Junction,  Kans, — Contiiiaed. 


Month. 


1809. 

September 

October 

November 

December 


The  year 


Discharge  in  second-feet. 


Maxi- 
mum. 


845 

1,140 

395 

800 


12,000 


1900.  <* 

January 670 

February 890 

March 4,875 

April  ..._ ....  3,460 

May : 3,260 

Jtme 975 

Jtdy 735 

August 450 

September j  3, 090 

October ...    345 

November 225 

December  _ !  500 


The  year '    4,875 


1901. & 

January  

February 

March 

April 

May 

June  -  - 

July 

August _ 

September 

October 

November 

December 


The  year 


570 

1,015 

1,750 

5,010 

1,015 

510 

450 

110 

3,160 

770 

510 

660 


5,010 


Mini- 
mam. 


100 
35 
63 

205 


35 


400 
550 
610 
500 
735 
450 
225 
150 
198 
150 
130 
173 


130 


405 

450 

850 

930 

405 

315 

75 

20 

20 

405 

405 

450 


20 


Mean. 


187 
302 
175 
488 


888 


(tR 


716 

1,327 

1,465 

1.362 

554 

373 

275 

771 

258 

162 

257 


Total  in  acre- 
feet. 


673 


510 

669 

1,030 

1,530 

747 

406 

177 

53 

906 

564 

472 

594 


638 


11,127 
18, 569 
10, 413 
30,006 


644,007 


34,372 
39,765 
81,594 
87, 173 
83,746  : 
32,965 
22,935 
16,909 
45,878 
15,864 
9,640  I 
15,802  I 


486,643 


31,359 
37,154 
63,332 
91,041 
45,931 
24,159 
10,883 
3,259 
53,911 
34,679 
28,086 
36,524 


460, 318 


Ban-off. 


Second- 
feet  per 
square 
mile. 


0.007 
.012 
.007 
.019 


034 


02 
03 
05 
06 
05 
02 
01 
01 
03 
01 
01 
01 


.03 


.020 
.026 
.040 
.059 
.029 
.016 
.007 
.002 
.036 
.022 
.018 
.028 


.025 


in 


O.0U8 
.014 
.<K»8 
.022 


.468 


.02 
.03 
.06 
.07 
.06 
.02 
.01 
.01 
.03 
.01 
.01 
.01 

.34 


.023 
.027 
.046 
.066 
.033 
.018 
.008 
.002 

,om 

.025 
.020 
.027 

.335 


a  Twenty-second  Ann.  Rept.  U.  S.  Geol.  Snrvey,  pt  4, 1902^.  833. 
*  Water-Sup.  and  Irr.  Paper  No.  75,  U.  S.  Geol.  Survey,  IfiOB^  P- 1*1. 
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Estiniatedmonthly  discharge  of  Republican  River  at  Junction y  Kans, — Continued. 


Month. 


1902.  a 


January  .. 
February  . 
March  .  . . 

April 

May 

June 

July..     . 

Au^^ojst 

September 
October... 
November. 


945 
1,425 
1,480 
1,207 
7,800 
8,400 
28,100 
11,700 
10,500 
5,150 
787 
December... 2,443 


Discharge  in  eecond-feet. 


Maxi- 
mum. 


Theyear 23,100 


1908. 

January 

February  . .     . 

March 

April 

May  — 

Jime 

July -- 

August 

September 

October 

November 

December 


1,102 
8,600 

18,500 
1,102 

47, 520 

44,280 
9,750 

10, 350 
8,020 
1,315 
1,207 
1,102 


Theyear 47,520 


Mini- 
mum. 


600 
735 
570 
510 
482 
1,260 
840 
260 
88 
427 
400 
220 


88 


325 
482 

1,155 
375 
682 

1,370 
997 
735 
400 
240 
455 
570 


240 


Mean. 


710 

775 

887 

654 

2,128 

3,838 

7,887 

2,046 

1,646 

1,436 

471 

422 


1,867 


684 

1,217 

5,099 

624 

12, 112 

8, 162 

2,578 

3,254 

859 

466 

746 

757 


Bun-off. 


Total  in  acre- 
feet. 

Second- 
feet  per 
Bquare 
mile. 

48,656 

0.08 

43,041 

.08 

54,589 

.08 

38,916 

.03 

130,846 

.08 

198,625 

.13 

484,953 

.30 

125, 804 

.08 

97,944 

.06 

88,296 

.06 

28,026 

.02 

25,944 

.02 

1,860,590 

.07 

42,058 

.026 

67,589 

.047 

313, 525 

.200 

37,130 

.024 

744,788 

.470 

485, 673 

.310 

158,515 

.100 

200, 081 

.120 

51, 114 

.033 

28,658 

.018 

44,890 

.029 

46,546 

.029 

2, 220, 012 

.117 

Depth  in 
inches. 


0.03 
.08 
.08 
.03 
.09 
.15 
.35 
.09 
.07 
.07 
.02 
.02 


.98 


.080 
.049 
.280 
.027 
.540 
.840 
.120 
.140 
.087 
.021 
.032 
.088 


1.599 


a  Water-Sup.  and  Irr.  Paper  No.  84,  U.  8.  Geol.  Survey,  1903,  p.  102. 

The  hydrograph  for  this  stream  at  this  station  is  shown  on  PI.  XII,  C. 
It  is  seen  to  resemble  to  some  extent  that  for  Kansas  River  at  Law- 
rence, Kans.  The  minimum  flow,  however,  occurs  in  the  fall  instead 
of  in  the  winter.  The  maximum  flow  usually  occurs  some  time 
between  April  1  and  July  31. 

The  monthly  run-off  per  square  mile  prior  to  1903  varied  from  0.002 
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tx)  0.30  second-feet  and  the  yearly  run-off  per  square  mile  from  0.03 
to  0.07  second-feet.  The  run-off  for  May,  1903,  was  0.47  second-feet 
and  the  yearly  run-off  for  1903  was  0.117.  The  maximum  monthly 
discharge  is  230  times  the  minimum  monthly  discharge. 

REPUBLICAN  RIVER  NEAR  SUPERIOR,  NBBR. 

The  station  on  Republican  River  near  Superior,  Nebr.,  is  at  a  high- 
way bridge,  150  feet  upstream  from  a  dam  which  diverts  water  into  a 
mill  race.  The  channel  at  this  point  is  about  500  feet  wide,  broken 
by  three  piers.  The  bed  is  sand  and  silt  and  somewhat  changeable. 
The  velocity  is  sluggish  at  low  stages.  The  first  gage  used  at  this 
place  was  an  inclined  timber  fastened  to  the  left  bank  just  above  the 
bridge.  In  the  spring  of  1898  two  other  gages  were  established  here, 
one  in  the  river  a  few  feet  upstream  from  the  crest  of  the  dam,  the 
other  in  the  mill  race  at  a  bridge  about  150  feet  below  its  head.  The 
discharge  of  this  mill  race  was  measured  at  this  bridge,  and  the  dif- 
ference between  it  and  the  river  at  the  bridge  gave  the  amount  flow- 
ing over  the  dam.  It  was  found,  however,  that  the  discharge  of  the 
mill  race  was  regulated  more  or  less  by  the  mill  below,  so  that  there 
was  no  relation  between  the  gage  heights  and  the  discharge.  The 
method  of  remedying  this  defect  is  described  on  page  103  of  Water- 
Supply  and  Irrigation  Paper  No.  84. 

The  run-off  data  obtained  at  this  station  are  given  in  the  following 
table : 

Estimated  monthly  discharge  of  R^aiiblican  River  near  Superior^  Nebr, 

[Drainage  area,  22,847  eqnare  miles.] 


Month. 


1896. « 

June^ 

Jtdy  c 

Angnst 

September  <* 

October _ . 

November* 


Discharge  in  second-feet. 


Maxi- 
mum. 


Mini- 
mum.. 


Mean. 


627 
1,179 
659 
279 
280 
449 


Total  in  acre- 
feet. 


Run-off. 


Second- 
feet  per 
square 
mOe. 


Depth  in 
incbe». 


18,244 
70, 155 
40,520 


0.038 
.093 
.029 


16,048 

,013 

14,142 

.010 

26,827 

.030 

0.011 

,m* 

.0:^! 

.01:^ 
.015 
.022 


a  Based  on  daily  discharges  publi^ed  in  Eighteenth  Ann.  Bept.  U.  S.  Gheol.  Survey,  pt.  4. 1^. 
p.  202.    Discharge  at  both  dam  and  mill  race  are  included. 
6  For  11  days, 
o  For  30  days, 
rf  For  29  days. 
«For  29days. 
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Katirrutted  monthly  discharge  of  Republican  River  near  Superior,  Nehr, — Cont'd. 


Month. 


1897.  a 

January  ^ 

February  ^ 

March  ^ 

April  _ 

May 

June  ^ 

July -- 

Angngt 

September 

1898. c 

Aprils 

May — 

Jnne  _ . . . 

July. 

August 

September 

October 

November  <*  . . 

1899./ 

March  o 

April 


Discharge  in  necond-feet. 


Mazi- 
mnm. 


900 
1,520 

650 
2,870 
1,130 

750 
4,810 
1,400 

241 


Mini- 
mum. 


956 

842 


May  . 1,800 


June 

July 

August 

September. 
October  _ . 


4,036 

1,384 

868 

102 

101 


1900.A 

April 1,671 

May 2,946 

June 674 


555 

420 
885 
620 
180 
180 
119 
94 
0 


2,130 

490 

1,870 

500 

2,800 

560 

1,345 

220 

380 

100 

470 

185 

865 

145 

470 

820 

601 
875 
292 
141 
209 
136 
6 
24 


565 
320 
250 


Mean. 


Total  In  acre- 
feet. 


710 
906 
510 
1,244 
420 
359 
922 
259 


71 


755 
1,053 
1,235 
479 
195 
289 
264 
382 


706 
578 
511 
581 
458 
303 
50 
53 


909 
735 
392 


43,656 
50,316 
31,359 
74,028 
25,825 
21,362 
56,690 
15,924 
4,225 


44,926 
64, 747 
73,487 
29,458 
11,990 
17, 197 
16,233 
22, 731 


43,411 
34,398 
81,420 
31,597 
28,162 
18,681 
2,975 
3,259 


54,089 
45, 198 
23.326 


Rnn-oif. 


Beoond- 

feetper 

square 

mile. 


0.082 
.041 
.028 
.056 
.019 
.016 
.041 
.012 
.008 


Depth  in 
inches. 


.08 
.05 
.06 
.02 
.01 
.01 
.01 
.02 


.031 
.026 
.028 
.021 
.020 
.014 
.002 
.002 


.041 
.033 
.018 


0.087 
.048 
.026 
.062 
.022 
.018 
.047 
.014 
.008 


.08 
.06 
.07 
.02 
.01 
.01 
.01 
.02 


.086 
.029 
.026 
.023 
.028 
.016 
.002 
.002 


.046 
.088 
.020 


a  Nineteenth  Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  4, 1899,  p.  899.    Discharges  represent  amount 
going  over  dam  only;  the  mill  race  carries  on  an  aversge,  86  second-feet. 
z>  Approximate. 

<?  Twentieth  Ann.  Bept.  U.  8.  Geol.  Surrey,  pt.  4, 1900,  p.  317. 
''For  entire  month;  hosed  on  gage  heights  of  April  20  to  80. 

ce  heights  of  November  1  to  19. 


,v.  4. 1901,  p.  280. 
month,  based  on  gage  heights  of  March  19  to  81. 
ATwenty'Second  Aim.  Kept,  u .  ».  Geol.  Survey,  pt.  i,  1902,  p.  888. 
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Estimated  monthly  discharge  of  Jtepublioan  River  near  Superior,  Nebr. — Cont^d. 


Month. 


1900. 


July 

An^Tost 

September  . 

October 

November  « 


1901.6 
April 

May 

June 

July 

August 

September  .. 

October 

November 


1902. « 
March  9  to  31  .. 

April 

May 

June 

July** 

August  ...   

September    .  . . 

October 

November     ._. 

1903. 
March  14-31 ... . 

April 

May 

June  _ _  _ . 

July 

August 

September 

October 

November 


Discharge  in  seoond-feet. 


Maxi- 
mum. 


349 

1,278 

2,010 

148 

162 


1,607 

622 

480 

154 

856 

4,991 

1,490 

1,030 


Mini- 
mnm. 


67 
24 
8 
26 
36 


740 

2,810 

3,285 

12,490 

1,920 

10, 875 

1,995 

970 


7,750 

1,260 

14,100 

6,455 

7,825 

3,285 

700 

390 

690 


637 

146 

117 

5 

5 

10 

285 

312 


1,260 
705 
845 
835 
465 
520 
270 
245 
130 


390 

335 

320  I 

970 

330 

155 

520 

460 


Mean. 


159 

149 

156 

69 

87 


961 

364 

219 

44 

70 

1,246 

443 

419 


675 

555 

1,269 

1,372 

3,080 

674 

1,175 

937 

622 


2,692 

918 

4,491 

1,921 

1,948 

1,230 

389 

826 

417 


Total  in 
feet. 


9,777 
9,162 
9,283 
4,248 
5,177 


57,183 
22,381 
13,031 
2,618 
4,304 
74,142 
27,289 
24,932 


29,458 
83,020 
78,020 
81,640 
189,860 
41,440 
69,910 
57, 610 
87,010 


96,120 

54,625 

276, 141 

114,807 

119,778 

75,630 

23, 147 

20,045 

24,813 


Second- 
feet  pefT 
aqnare 
mile. 


.048 
.016 
.010 
.002 
.008 
.056 
.020 
.019 


03 
02 
,06 
06 
14 
03 
05 
04 
08 


.120 
.041 
.201 
.086 
.087 
.055 
.017 
.015 
.019 


Depth  IB 
inehea. 


0.006 
.006 
.006 
.003 
.004 


0.007 
.007 
.007 
.008 
.004 


.04B 
.018 
.011 
.003 

.(m 

.063 
.030 
.021 


.02 
.02 
.07 
.07 
.16 
.03 
.06 

.a> 

.03 


.046 

.096 
.10? 

.<m 

.019 

.017 


a  For  entire  month,  baaed  on  gage  heic^hts  of  November  1  to  24. 
«>  Water-Sup.  and  Irr.  Paper  No.  75,  U.  S.  Geol.  Snrvey,  1908,  p.  140. 
<•  Water-Sup.  and  Irr.  Paper  No.  84,  IT.  S.  Geol.  Snrvey,  1908,  p.  105. 
d  Exclusive  of  four  days  flood  discharge. 
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It  is  seen  that  the  minimum  monthly  discharge  occurs  in  September 
and  is  less  than  50  second-feet.  The  smallest  daily  discharge  is  0. 
The  maximum  monthly  discharge  is  4,491  second-feet,  which  is  10? 
times  the  minimum  monthly  discharge.  The  monthly  run-off  per 
square  mile  varies  from  0.002  to  0.20  second-feet. 

REPUBLICAN  RIVER  NEAR  BENKEL.MAN,  NEBR. 

A  Station  was  established  on  North  Fork  of  Republican  River  about 
2  miles  west  of  Benkelman,  Nebr.,  November  4,  1894.  A  station  was 
also  established  on  South  Fork  near  Benkelman,  at  about  the  same 
time.  The  former  station  was  maintained  continuously  until  Septem- 
ber 1,  1895.  The  other  was  maintained,  with  short  breaks,  to  Sep- 
tember 31,  1895.  The  stream  bed  at  these  stations  is  sandy  and 
shifting,  and  each  flood  changes  the  channel  by  a  considerable  amount, 
so  that  a  rating  curve  at  either  station  was  applicable  for  only  a  few 
months.     Stations  were  again  established  at  these  places  in  May,  1903. 

The  monthly  discharge  was  as  follows: 

Entimated  monthly  dijsetiarge  of  Republican  River  at  Benkelman^  Nebr, 


Month. 


NORTH  FORK. 
1903. 

May20-81._ _.. 

June _ 

July --. 

Angnst 

September 

October 

November  1-20  «... 

SOUTH   FORK. 

1903. 

May  20-81 

Jnne , 

July.._. 

Angnst  -  -  - - 

September  ^ 

October 

November  l-20« 


Mazi- 
mnin. 


71 
81 
112 
81 
47 
54 
64 


57 
65 
36 
79 
22 
50 
65 


rJBreinseco 

nd-feet. 
Mean. 

'      MlTli- 

mmn. 

47 

58 

43 

59 

19 

39 

26 

32 

19 

39 

43 

49 

50 

56 

86 

48 

7 

37 

7 

15 

7 

25 

7 

11 

22 

39 

50 

57 

Total  in 
acre-feet. 


1,382 
5,511 
2,398 
1,968 
2,321 
3,013 
2,204 


1,148 
2,202 

922 
1,537 

655 
2,398 
2,269 


a  Frozen  November  81  to  December  31. 

^  Records  from  6  to  13,  indvMve^  are  missing. 
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SOLOMON  RIVBR  AT  BELOIT  AND  NKAR  NILES,  KANS. 

A  station  was  established  on  Solomon  River  at  a  highway  bridge  in 
Belolt,  April  22, 1895,  and  was  maintained  continuously  until  June  di\ 
1897,  when  it  was  discontinued  on  account  of  poor  section.  The 
present  gaging  station  on  Solomon  River  is  located  56  miles  down  the 
river  from  Beloit,  at  an  iron  bridge  about  1^^  miles  from  Niles.  It  was 
established  May  5,  1897,  and  has  been  maintained  continuously  sinctf" 
that  date.  The  channel  at  the  present  station  is  about  150  feet  wide, 
nearly  straight  for  100  feet  above  and  below,  and  broken  by  two 
piers.  The  bed  is  clay  and  silt.  The  velocity  is  sluggish  at  low 
stages.     Surface  fluctuations  are  measured  with  a  wire  gage. 

The  run-off  data  obtained  at  these  two  stations  on  Solomon  River 
are  given  in  the  following  table : 

Estimated  monthly  discharge  of  Solomxm  River  at  Beloit,  Kans. 

[Drainai^  area,  5,680  square  miles.] 


Month. 


Discharge  in  seoond-f eet. 


Bnn-off. 


Mazi- 
mnm. 


Mini- 
ninni. 


Total  in  acre- 
feet. 


Second- 
feet  per     Depth  in 
square        i]lchef^. 
mile. 


1895.  o 

July &21,000 

Atignst 624,000 

September 615 

October ..  63 

November . .  26 

December ...     250 


1896. « 

January 

February 

March 

April ftl8,500 

May j    4,700 


121 
121 
128 


June 

July 

August  --. 
September 
October . . . 
November 
December . 


8,740 

621,800 

803 

960 

6,760 
117 
124 


The  year 1631,800 


nEi§rhteenth  Ann.  Bept.  U.  8.  Oeol.  Survey,  pt.  4, 1897,  pp.  20^^10. 

''Efttimat'Od.    Notr.  —Recent  meaflurementH  show  that  these  estimates  are  too  laripe. 
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Estimated  monthly  discharge  of  Solomon  River  at  Beloit,  Kans. — Continued. 


Month. 


18»7.« 

January 

February  ..     _ 

March - . 

April  -_.  -    ... 

May 

June 


Discharge  in  second-feet. 


Maxi- 

mtizn. 


225 
887 
312 

7,470 
368 

6,400 


Mini- 
mnin. 


16 
20 
92 
180 
18 
19 


Mean. 


Total  in  acre- 
feet." 


180 
193 
227 
663 
150 
1,377 


8,024 
10,724 
13, 983 
39,463 

9,254 
81,913 


Rnn-off. 


Second- 
feet  i>er 
square 
mile. 


Depth  in 
inches. 


0.028 
.035 
.041 
.120 
.027 
.249 


0.027 
.036 
.047 
.188 
.081 
.278 


A  Nineteenth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  4, 1809,  p.  941. 

Estimated  monthly  discharge  of  Solomon  River  near  Niles,  Kans. 

[Drainage  area,  6,815  square  miles.] 


Month. 


1897.  a 

May  ^ 

June -  - . 

July 

August  .    .     -. 

September 

October 

November 

December 


1898.  c 

January 

February 

March 

April 

May 

June  _ 

July 

Aug^ust  _ 

September 


Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Bnn-oif. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Second- 
feet  per 
square 
mile. 

Depth  in 
inches. 

669 

161 

267 

16,411 

0.039 

0.045 

4,500 

108 

1,083 

64,483 

.159 

.177 

5,880 

215 

888 

51,551 

.123 

.142 

820 

108 

198 

11,892 

.028 

.038 

200 

65 

106 

6,319 

.016 

.017 

142 

62 

97 

5,976 

.014 

.016 

154 

86 

114 

6,784 

.017 

.019 

161 

60 

100 

6,124 

.015 

.017 

172 

126 

155 

9, 581 

.02 

.02 

260 

109 

164 

9,108 

.02 

.02 

190 

98 

131 

8,055 

.02 

.02 

853 

109 

146 

8,688 

.02 

.02 

677 

160 

243 

14, 942 

.04 

.04 

1,175 

196 

584 

31,775 

.08 

.09 

335 

79 

156 

9,592 

.02 

.02 

103 

35 

56 

3,448 

.01 

.01 

190 

42 

79 

4,701 

.01 

.01 

aNineteenth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  4, 1899,  p.  848. 

(>B^imated  from  fl»ge  heights  of  May  6  to  31. 

c  Twentieth  Ann.  Kept.  U.  8.  Geol.  Survey,  pt.  4, 1900,  p.  814. 
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Estimated  monthly  discharge  of  Solomon  River  near  Niles,  Kans. — Continoed. 


Month. 


1898. 


October . . . 
November. 
December 


The  year . 

1899. « 
January  ...  . . 

February  

March 

April 

May . 

Jime - . 

July --. 

August 

September 

October 

November     .     . 
December . 


The  year . 

1900.  & 
January  ..  ... 
February  . .     . . 

March . . 

April .  _ .     . 

May  _ 

June 

July 

August  . 

September  -   .  . 

October . 

November 

December 


The  year 


DiflchATge  in  aeoond-feet. 


Maxi- 

mnm. 


79 
120 
268 


1,175 


303 

202 

815 

159 

2,864 

6,240 

8,895 

1,288 

131 

1,152 

120 

131 


6,240 


4.627 


Mini- 
mnm. 


47 

47 
87 


35 


131 

147 

125 

90 

85 

131 

147 

105 

53 

87 

53 

62 


Mean. 


Total  in  acre- 
feet. 


58 

72 

147 


162 


37 


128 

58 

90 

159 

74 

108 

1,870 

80 

246 

4,627 

74 

760 

1,156 

211 

532 

860 

80 

230 

630 

54 

135 

860 

66 

242 

2,020 

54 

294 

755 

66 

116 

100 

54 

71 

100 

58 

75 

54 


178 

178 

177 

128 

304 

1,789 

580 

272 

88 

126 

81 

99 

828 


241 


3.566 
4,284 
9,039 


116, 724 


10,944 
9,886 

10,883 
7,617 

18,692 
106,453 

35,663 

16,725 
5,236 
7,747 
4,820 
6,087 


236,880 


5.534 

5,720 

15,126 

45,223 

32,711 

13,686 

8,301 

14,880 

17,494 

7,133 

4,225 

4,612 


Run-off. 


Seoond- 

f eet  per     Depth  in 

square    (  incfaeE^ 

mile.      I 


0.01 
.01 
.02 


0.01 
.01 
.05 


.02 


29 


026 
026 
026 
019 
045 
262 
085 
039 
013 
018 
012 
015 

048 


I 


174,645 


04 


1 


.027 

.090 

.021 

.052 

.29 

,0!^ 

045 

014 

,021 

Oi:^ 

017 

64<> 


.01 

.01 

.02 

.02 

.04 

.05 

.11 

.12 

.08 

.09 

.03 

.03 

.02 

.02 

.04 

.01 

.04 

.(H 

.02 

.(^ 

.01 

.0: 

.01 

.01 

47 


n Twenty-first  Ann.  Rent  U.  S.  Geol.  Survey,  pt.  4.  MOl^p.  223. 
b Twenty-second  Ann.  Kept.  U.  S.  Qeol.  Bnrrey,  pt.  i,  iMK,  p.  8M. 
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Estimated  monthly  discfiarye  of  Solomon  River  near  NileSy  Kans, — Oontizmed. 


Month. 


1901. « 


January  .. 
February  . 

March 

April 

May 

June 

July 

Angnst 

S6i)tember 
October  _ .  _ 
November 
December. 


The  year . 

1902. & 

January  

February 

March 

April . 

May  _.- 

June _ 

July 

August 

September 

October 

November 

December 


The  year 

1903. 

January 

February 

March 

April 

May 

June 


Dlnch&rfire  in  second-feet. 


Maxl- 
mum. 


114 

198 

341 

2,020 

803 

989 

54 

62 

1,604 

89 

176 

100 


2,020 


152 

142 

207 

152 

1,415 

6,155 

7,040 

2,875 

7,040 

7,780 

855 

490 


7,780 


410 
830 

5,002 
564 

9,946 
10,602 


Mini- 
mmn. 


46 

54 

100 

114 

89 

46 

7 

7 

70 

38 

88 

54 


Mean. 


94 

102 

38 

54 

38 

816 

252 

299 

132 

761 

470 

816 


88 


282 
237 
587 
120 
635 
1,765 


91 

90 

152 

452 

142 

157 

27 

18 

248 

67 

99 

79 


135 


841 


Total  in  acre- 
feet. 


106 

119 

101 

89 

285 

1.892 

2,492 

847 

1,892 

2,268 

601 

402 


341 

356 

1,866 

845 

4,835 

4,447 


5,595 
4,998 
9,846 

26,896 
8,781 
9,842 
1,660 
1,107 

14,460 
4,120 
5,891 
4,858 


97,004 


6,517 

6,608 

6,210 

5,296 

17,524 

82,880 

158, 227 

52,080 

82,880 

139,145 

85, 764 

24,718 


612, 749 


20,967 

19,882 

114,736 

20,529 

297, 292 

264, 615 


Ban-off. 


Seccmd- 

feetper 

aqnare 

mile. 


Depth  in 
inchea. 


0.018 
.018 
.022 
.066 
.021 
.028 
.004 
.008 
.086 
.010 
.015 
.012 


.020 


.02 
.02 
.02 
.01 
.04 
.20 
.37 
.12 
.20 
.33 
.09 
.06 

.12 


.050 
.052 
.270 
.051 
.710 
.650 


0.015 
.014 
.025 
.074 
.024 
.026 
.005 
.008 
.040 
.012 
.017 
.014 


.269 


.02 
.02 
.02 
.01 
.05 
.22 
.43 
.14 
.22 
.88 
.10 
.07 


1.68 


.058 
.  054 
.810 
.057 
.820 
.720 


a  Water-Sup.  and  Irr.  Paper  No.  75,  U.  8.  Geol.  Survey,  IflOS,  p.  142. 
«>  Water-Sup.  and  Irr.  Paper  No.  84,  U.  S.  Geol.  Survey,  1908,  p.  lOT. 
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DESTRUCTIVE   FLOODS   IN  1903. 


[K0.96. 


Estimated  monthly  discharge  of  Solomon  River  near  NUes,  Kans. — Continiied. 


Dischai'ge  in  second-feet. 


Month. 


Mazi- 
mnm. 


Mini- 
mum. 


1908. 

July 4,074 

Angnst 7,091 

September 2,460 

October '  495 

November ._ 760 


The  period 


10,602 


835 
1,190 
472 
363 
348 


120 


Mean. 


1,658 

3,625 

970 

427 

456 


Total  in  acre- 
feet. 


Ban-off. 


Second- 
feet  per 
square 
mile. 


Depth  iL 

inches 


101,946 

222,893 

57, 719 

26,255 

27,134 


1,611 


1,173,958 


0.240 
.530 
.140 
.063 
.067 

.235 


0.2SO 
.610 
.161) 
.073 
.075 


3.2i: 


The  hydro^raphs  for  this  stream  at  these  stations  are  shown  in 
PL  XIII,  B,  p.  64.  The  minimnm  monthly  flow  was  very  small,  and 
less  than  20  second-feet  in  August,  1901.  The  flood  flow  is  occasionallr 
very  large,  and  was  4,835  second-feet  in  May,  1903.  The  maximum 
monthly  discharge  is  269  times  the  minimum  monthly  discharge.  The 
monthly  run-off  per  square  mile  varies  from  0.003  to  0.710. 

BAIINE  RIVER  AT  BEVBRLT  AND  NEAR  SAUNA,  KA298. 

A  station  was  established  on  Saline  River  at  Beverly,  April  18,  lSft5, 
and  was  maintained  continuously  from  that  date  to  June  30,  181C, 
when  it  was  discontinued  on  account  of  poor  section.  The  present 
station  on  Saline  River  is  located  at  a  highway  bridge,  about  4^  miles 
north  of  Salina  and  24  miles  down  the  river  from  Beverly.  It  was 
established  May  4,  1897,  to  take  the  place  of  the  station  at  Beverly, 
and  has  been  maintained  continuously  from  that  time  to  the  present. 
The  channel  is  about  170  feet  wide,  nearly  straight  for  a  short  dis- 
tance above  and  below  the  bridge,  and  without  piers.  The  bed  is 
soft  material;  the  velocity  sluggish.  Surface  fluctuations  are  meas- 
ured with  a  wire  gage.  Both  banks  are  subject  to  overflow  during 
floods. 
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The  run-off  results  obtained  at  this  station  are  given  in  the  follow- 
ing tables: 

Estimated  monthly  discharge  of  Saline  River  at  Beverly,  Kans, 

[Drainage  area,  2,790  square  miles.] 


Month. 


1895. « 


July 

Angnst  ... 
September 
October .  _ . 
November 
December. 


1896. « 


January  .. 
February  . 

March 

April 

May 

June 

July 

Angnst 

September 
October  _ . . 
November 
December . 


The  year 


1897.  <? 


January  . 
February 
March  . . . 

April 

May 


Diflcharge  in  seoond-feet. 


Mazi- 
mnm. 


Mini- 
mum. 


&10,000 
339 
92 
58 
62 
57 


76 

96 

65 

693 

3,000 

^16,000 

679 

493 

•90 

&  6, 130 

188 

98 


616,000 


June- ..  611,000 


73 

58 

0 

6 

9 

13 


26 
33 
33 
37 
45 
167 
103 
41 
33 
31 
41 
31 


26 


108 

17 

243 

27 

67 

32 

626 

49 

357 

53 

000 

38 

Mean. 


574 
101 
38 
27 
33 
33 


52 

51 

49 

151 

313 

2,291 

286 

107 

58 

260 

75 

62 


813 


48 

73 

46 

192 

146 

452 


Total  in  acre- 
feet. 


35,294 
6,210 
2,261 
1,660 
1,964 
2,029 


3,197 
2,934 
3,013 
8,986 

19,245 
136,324 

17,586 
6,579 
3,451 

15, 987 
4,463 
3,505 


225, 270 


2,927 
4,054 
2,835 

11,424 
8,953 

26, 920 


Run-off. 


Second- 
feet  i)er 
square 
mile. 


.017 
026 
.017 
.070 
.053 
.166 


Depth  in 
inches. 


0.201 
.037 
.014 
.010 
.012 
.012 


.019 
.018 
.018 
.055 
.114 
.839 
.104 
.037 
.021 
.095 
.027 
.023 

.114 


0.232 
.043 
.016 
.012 
.013 
.014 


.022 
.020 
.020 
.062 
.132 
.936 
.120 
.045 
.024 
.109 
.031 
.027 


1.548 

.020 
.027 
.019 
.078 
.061 
.185 


a  Eighteenth  Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  4, 1887,  p.  212. 

b  Approximate. 

« Nineteenth  Ann.  Bept.  U.  S.  Gtool.  Survey,  pt.  4, 188d,  p.  344. 
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DE8TBDCTIVE   FLOODS    IN   1903. 


[sco.% 


Estimated  monthly  discharge  of  Saline  River  near  Salina^  Kans. 

[Drainage  area,  3,311  square  miles.] 


Month. 


1897. « 

May.. 

Jnne ...     

July 

August 

September 

October 

November 

December 


1898.  <^ 

January  

February 

March 

April 

May 

June 

July. 

August  .  - 

September 

October  _ .  _  ... 
November  .... 
December 


The  year 


1899/' 


January  . . 
February  . 

March 

April 

May  - 

June 

July. 

August  -- 
September 


Discharge  in  second-feet. 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

335 

79 

147 

6  4,400 

51 

256 

a685 

36 

83 

381 

28 

74 

57 

20 

30 

70 

16 

32 

48 

26 

38 

46 

28 

41 

82 

40 

57 

94 

34 

50 

46 

24 

37 

60 

24 

35 

1,095 

34 

109 

1,100 

72 

271 

421 

22 

86 

32 

7 

20 

970 

6 

121 

52 

22 

35 

40 

15 

25 

690 

29 

144 

1,100 

6 

83 

110 

60 

67 

102 

50 

63 

117 

50 

80 

72 

30 

53 

1,010 

18 

155 

5,000 

110 

1,334 

684 

132 

279 

152 

62 

100 

102 

55 

68 

Run-off. 


Total  in  acre- 
feet. 


Second 

feet  per    ,  Depth  in 
square    I   inches 
mile. 


9,039 
15,203 
5,104 
4,532 
1,803 
1,955 
2,279 
2,521 


3,505 
2,777 
2.275 
2,083 
6, 702 
16, 126 
5,288 
1,230 
7,440 
2,152 
1,488 
8,854 


02 

.02 

.01 

.01 

03 

08 

03 

01 

04 

01 

01 

04 


4,120  .020 

3, 499  .  019 

4, 919  .  024 

3,154  .016 

9, 581  .  047 

79,378  .403 

17, 155  .  084 

6,149  .030 

4,046  .021  I 

a  Nineteenth  Ann.  Kept.  U.  8.  Qeol.  Survey,  pt.  4, 1899,  p.  346 
i>  Approximate. 

c  Twentieth  Ann.  Rept.  U.  S.  Qeol.  Surrey,  pt.  4, 1900,  p.  316. 
dTwenty.flrst  Ann.  Bept.  U.  S.  Geol.  Survey,  pt.  4, 1901,  p.  284. 


03 


0.044 
.077 
.025 
.0^ 
.009 
.010 
.012 
.012 


0.051 
.085 
.038 
.025 
.010 
.011 
.013 
.014 

.02 
.03 
.01 
.01 
.04 
.09 
.03 
.01 
.04 
.JOl 
.01 
.04 


33 


.0^ 
O20 
038 
018 
054 
45 
097 
035 
023 
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Estimated  monthly  discharge  of  Saline  River  near  SaJina,  Xan«.— Continued. 


Discharge  In  second-feet. 


Month. 


1890. 


October  _ . . 
November 
December . 


Maxi- 

mam. 


386 

181 
102 


The  year 5,000 


1900.a 


January  .. 
February  . 

March 

April 

May 

June 

July..-.:. 
August  . . . 
September 
October ._. 
November 
December . 


The  year . 

1901.  & 

January  _ 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 


The  year. 


55 

55 

700 

2,930 

1,100 

1,427 

8,870 

870 

1,160 

138 

76 

60 


3,870 


71 

115 

122 

8,580 

315 

2,680 

51 

153 

85 

60 

65 

65 


3,580 


Mini- 
mam- 


40 
70 
70 


18 


42 
42 
44 
50 
166 
70 
46 
86 
40 
40 
46 
46 


86 


47 
55 
51 
85 
60 
87 
22 
25 
40 
37 
40 
47 


22 


Mean. 


79 

88 
84 


204 


49 

47 

114 

471 

847 

245 

882 

76 

120 

56 

51 

53 


Total  in  acre- 
feet. 


168 


56 

74 

76 

470 

112 

376 

31 

47 

53 

47 

53 

57 


121 


4,858 
5,286 
5,165 


147, 210 


3,013 

2,610 

7,010 

28,026 

21,336 

14, 578 

23,488 

4,678 

7,141 

3,443 

3,035 

3,259 


121,612 


8,443 
4,110 
4,673 

27,967 
6,887 

22, 374 
1,906 
2,890 
3,154 
2,890 
3,154 
3, 505 


86, 953 


Bnn-off. 


Second- 
feet  per 
sqoare 
mile. 


0.024 
.027 
.025 


.062 


.01 
.01 
.08 
.04 
.10 
.07 
.12 
.02 
.04 
.02 
.02 
.02 


.05 


.017 
.022 
.028 
.142 
.034 
.114 
.009 
.014 
.016 
.014 
.016 
.017 


.036 


Depth  in 
iziches. 


0.028 
.080 
.029 


.835 

.01 
.01 
.08 
.06 
.12 
.08 
.14 
.02 
.04 
.02 
.02 
.02 

.67 


020 
023 
027 
158 
039 
127 
010 
016 
018 
016 
018 
020 


492 


o  Twenty-second  Ann.  Rept.  U.  S.  Qeol.  Snrvey,  pt.  4, 1908j).  385. 
ft  Water-Sup.  and  Irr,  Paper  No.  75,  U.  S.  Qeol.  Survey,  IflOB,  p.  142. 
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[NO.  96- 


Kstiviated  vuyntKly  discharge  of  Saline  River  near  Salina,  JTan^.— Continued. 


Month. 


Discharge  in  second-feet. 


Mazi- 
mnni. 


1903.« 
January  .   . 

February    

March . . 

April  .       _ .     . 

May 

June  _ 
July .     . 
August  -     .   - 
September    . . . 

October 

November 
December .  _     - 

The  year 

1903. 

January 

February  ..   . 

March .   . 

April 

May . 

June ... 

July 

August    

September  ... 

October 

November 


90 

70 

75 

41 

698 

1,893 

2,507 

1,910 

8,920 

3,920 

424 

275 


8,920 


240 
280 

1,886 
840 

7,580 

7,895 
985 

8,410 
472 
262 
304 


Mini- 
mum. 


45 

41 

84 

25 

25 

70 

110 

100 

110 

864 

250 

190 


25 


180 
140 
210 
220 
910 
885 
382 
458 
207 
168 
168 


Mean. 


64 

60 

45 

85 

112 

792 

621 

512 

874 

1,089 

805 

284 


895 


205 

207 

628 

271 

2,685 

2,878 

583 

1,484 

322 

212 

228 


Total  in  acre- 
feet. 


8,985 

8,382 

2,767 

2,088 

6,886 

47, 127 

88,184 

81,482 

52,007 

66,960 

18, 159 

14,888 


387, 810 


12,605 
11,496 
38,614 
16, 126 
165,094 
170, 955 
82,778 
88,178 
19,799 
18,035 
13, 270 


Ran-ofF. 


Seoond- 

f  eet  per    Depth  in 
square    I  inchee. 
mile. 


0.019 
,018 
.014 
.011 
.034 
.239 
.188 
.155 
.264 
.329 
.092 
.071 


.120 


.062 
.063 
.190 
.082 
.810 
.870 
.160 
.430 
.097 
.064 
.067 


0.022 
.019 
.016 
.012 
.0:19 
.367 
.217 
.ITU 
.S»5 
.3TV 
.103 
.082 

1.6:*.> 

.071 
.064 
.220 

.9:3'.) 
.970 
.!>•• 
.SO") 
.lOS 
074 
,  07.) 


"  Water-Sup.  and  Irr.  Paper  No.  84,  U.  S.  GJeol.  Survey,  1908,  p.  110. 

The  hydrograph  for  this  stream  at  this  station  is  shown  on  PL  XIIL 
A.  The  iuean  monthly  flow  is  seen  to  be  very  small,  beings  only 
20  second-feet  in  August,  1898.  The  maximum  is  very  lar^e,  and 
usually  occurs  between  May  1  and  July  31.  The  monthly  run-off  per 
square  mile  varies  from  less  than  0.01  to  0.87  second-foot.  The  yearly 
run-off  per  square  mile  varies  from  0.03  to  0.120  second-foot  for  the 
years  with  complete  record.  The  maximum  monthly  discharge  is  143 
times  the  minimum  monthly  discharge. 
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SMOKY  HILL  RIVER  AT  ^XLSWORTH,  KANS. 

The  station  on  Smoky  Hill  River  is  at  a  highway  bridge  in  Ells- 
worth. It  was  established  April  17,  1895,  and  has  been  maintained 
continuously  from  that  time  to  the  present.  The  channel  is  about 
180  feet  wide  at  ordinary  stage  and  nearly  straight  for  200  feet  above 
and  below  the  station.  The  bed  is  mainly  sandy  material  and  some- 
what changeable.  Velocity  is  moderate  at  ordinary  stages.  The 
s  arface  fluctuations  are  read  from  the  vertical  gage  bolted  to  one  of 
the  bridge  piers. 

The  run-off  results  obtained  at  this  station  are  given  in  the  f  ollowiug 
table: 


Estimated  monthly  diacTiarge  of  Smoky  Hill  River  at  Ellsworth,  Kans, 

[Drainage  area,  7,980  aqiiare  miles.] 


Month. 


1895.  fl 

April  17-80 

May 

Jane 

July 

August 

September 

October 

November 

December 


1896.0 

January 

February 

March 

April 

May 

June 

July..- 

August 

September . 

October 

November 

December 


The  year 


Discharge  In  second-feet. 


Maxi- 
mum. 


14 

20 

4,900 

21,000 

844 

135 

22 

19 


22 


57 

49 

21 

800 

116 

1,718 

951 

372 

117 

255 

122 

48 


Mini- 
mum. 


11 
9 
10 
202 
65 
19 
14 
12 
11 


119 
66 
50 
25 
20 
18 


14 


Mean. 


12 

11 

690 

1,438 
186 
44 
18 
18 
17 


17 
18  1 
14 
14 
18 


72 


25 

26 

18 

180 

62 

318 

280 

115 

72 

54 

54 

34 


95 


Total  in  acre- 
feet. 


886 
676 

41,058 
88, 420 
11,437 
2,618 
1,107 
1,071 
1,045 


1,537 
1,496 
1,107 
7,786 
8,812 
18, 625 
14, 142 
7,071 
4,284 
8,320 
3,218 
2, 337 


68,680 


Run-off. 


Second- 
feet  per 
square 
mile. 


.012 


a  Eighteenth  Ann.  Rept. 
IRR  9^—04 5 


U.  S.  Geol.  Survey,  pt.  4, 1897,  p.  214. 


Depth  in 
inches. 


0.002 
.001 
.086 
.180 
.023 
.006 
.002 
.002 
.002 

.003 
.003 
.002 

.016  i 

.008 
.039  ' 
.029  , 
.014  ^ 
.009 
.007 
.007 
.004 


0.001 
.001 
.096 
.208 
.027 
.007 
.003 
.003 
.003 


.004 
.004 
.002 
.0.18 
.009 
.044 
.033 
.016 
.010 
.008 
.008 
.005 


.161 
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Eaiimated  monthly  discharge  of  Smoky  Hill  River  at  EUatrorth,  Kans, — Cont'd. 


Month. 


f  1897. a 

Jaonary 

February 

March 

April 

May _ 

JuDe 

July - . 

August 

September 

October 

November 

December 


The  year 


1898.  «> 


January  ._ 
February  . 

March 

April 

May 

June 

July 

August  ... 
September 
October  _ . . 
November - 
December . 


Discharge  in  second-feet. 


Maxi- 
mum. 


153 
213 


77 


385 

885 

240 

97 

295 

130 

97 

77 

107 


385 


70 


95 

32 

37 

1,000 

717 
78 

105 

763 
55 
42 

147 


The  year '    1,000 


1899.  <^ 


January  . 
February 
March  . . 

April 

May 


75 


84 
75 
35 
23 


Mini- 
mum. 


I    Mean. 


22 

35 

22 

35 

87 

35 

19  < 

15 

15 

10 

15 

19 


10 


18 
21 
16 
15 
32 
78 
18 
15 
14 
18 
18 
24 


14 


68 

122 

35 

158 

173 

87 

38 

95 

40 

32 

88 

38 


77 


36 

47 

24 

20 

136 

281 

43 

25 

131 

30 

19 

53 

70 


Total  in  acre- 
feet. 


4,198 
6,798 
2,164 
9,401 
10, 624 
6,153 
2,336 
5,854 
2,386 
1,949 
2,285 
2,337 


55, 485 


2,214 
2,610 
1.476 
1,190 
8,362 
16, 721 
2,644 
1,537 
7,795 
1,845 
1,131 
3,259 


50, 784 


I 


Bnn-off. 


Second- 

feet  per 

square 

mile. 


Depth  ui 
inches 


0.008 
.015 
.004 
.020 
.022 
.011 
.005 
.012 
.005 
.004 
.005 
.005 


.010 


.005 
.006 
.008 
.003 
.017 
.035 
.005 
.003 
.016 
.004 
.002 
.006 


.009 


a  Nineteenth  Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  4, 1897,  p.  347. 
b Twentieth  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  4, 1900,  p.  315. 
cTwenty-firet  Ann.  Kept.  U.  S.  Geol.  Survey,  pt.  4, 1901,  p.  225. 


0.010 
.016 
.00) 
.022 
.025 
.012 
.006 
.014 
.006 
.005 
.005 
.006 


132 


.005 

.006 

.003 

.003 

.020 

039 

006 

004 

OlS 

004 

003 

007 


118 


14 

44 

•    2,705 

.0055 

.0063 

42 

63 

3,499 

.0079 

.0OS2 

19 

40 

2,460 

.0050 

.  00.>s 

10 

20 

1,190 

.0025 

.OO:.^* 

10 

11 

676 

.0014 

.0016 
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Estimated  monthly  discharge  of  Smoky  Hill  Rir^er  at  Elhioorth,  Kajis. — Cont'd. 


Discharpre  in  second-feet. 


Month. 


Maxi- 
mum. 


1899. 
June 3,890 


July 

August  ... 
September 
October . . . 
November - 
December . 


,947 

863 

75 

124 

42 

35 


The  year 7,947 


1900. « 


January  &  . 
February* 
March*  --. 

April 

May 

June 

July 

August  ... 
September 
October . . . 
November. 
December . 


97 


Mini- 
mam. 


Mean. 


Total  in  acre^ 

feet. 


10 
56 
42 
19 
14 
19 
19 


492 
832 
152 
46 
48 
30 
27 


.t_ 


10 


150 


29, 276 
51,158 
9,346 
2,737 
2,951 
1,785 
1,660 

109,443 


40 


183 

594 

660 

616 

705 

97 

616 

144 

40 

26 


The  year . 
1901.  c 


January... 
February  . 

March 

April 

May 

June 

July 

August  ... 
September 


40 
35 

i  i 

87 
35 
18 
18 
40 
22 
18 


49 

8,013 

60 

3,332 

66 

4,058 

156 

9,283 

147 

9,039 

241 

14, 840 

117 

7,194 

47 

2,890 

140 

8,331 

78 

4,796 

28 

1,666 

21 

1,291 

120 
165 

50 
662 

81 
142 

18 
142 
142 


18 
20 
20 
23 


96 


50 

72 

33 

124 


69, 233 


23 

47 

23 

48 

5 

9 

5 

46 

12 

62 

3,074 
3,999 
2.029 
7, 378 
2,890 
2, 856 
553 
2,828 
3,689 


Run-oflf. 


Second- 
feet  per 
'  square 
mile. 


Depth  in 
inches. 


0.0617 
.1043 
.0190 
.0058 
.0060 
.0038 
.0034 


.0189 


.006 
.008 
.008 
.020 
.018 
.030 
.015 
.006 
.018 
.010 
.004 
.003 


.012 


a  Twenty-second  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  4, 1902,  p.  ^». 

&  Approximate. 

^  Water-Sup.  and  Iit.  Paper  No.  75,  U.  S.  Geol.  Survey,  IWW,  p.  1*3. 


0.0688 
.1202 
.0219 
.0064 
.0069 
.0043 
.0039 


.2571 


.007 
.008 
.009 
.022 
.021 
.033 
.017 
.007 
.020 
.012 
.004 
.003 

.163 


.006 

.007 

.009 

.009 

.004 

.  005 

.016 

.018 

.006 

.007 

.006 

.007 

.001 

.0)1 

.000 

.007 

.008 

.009 
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EaltmcUed  monthly  discharge  of  Smoky  Hill  River  at  Ellgworth,  Kans. — Goot^d. 


Month. 


1901. 


October  - . . 
November. 
December. 


The  year . 

1902.« 

January 

February 

March 

April 

May 

June 

July 

Angnst 

September  . 

October , 

November 

December 


The  year 


1903. 


January . . 
February. 
March  .. 
April 


Discharge  in  seoond-f eet. 


Maxi- 
mum. 


73 
U 
50 


652 


55 

100 

290 

23 

700 

4,856 

3, 267 

7,375 

7,840 

1,390 

187 

85 


',840 


131 

110 

1,410 

1,834 

May ....|  11,892 

June 

July 

August 

September 

October 

November 

December 


3, 750 

305 

2,708 

143 

92 

120 

92 


The  year I  11,392 


Mini, 
mum. 


14 

8 

12 


17 
17 
19 
15 
13 
40 

• 

137 
62 

100 

187 

62 

40 


13 


50 

50 

62 

62 

510 

342 

120 

155 

50 

45 

45 

36 


36 


Mean. 


36 
11 
22 


Total  in  acre- 
feet. 


24 

38 

39 

18 

87 

821 

891 

1,021 

1,033 

588 

125 

64 


396 


69 

65 

431 

182 

2,356 

937 

180 

735 

81 

58 

70 

44 


434 


Bim-oir. 


Seoond- 

feetper 

square 

mUe. 


Depth  in 
inches. 


2,214 

655 

1,353 


33,518 


0.005 
.001 
.003 


0.006 
.001 
.003 


.006 


.080 


1,475 

2,110 

2,398 

1,071 

5,349 

48,a53 

54,785 

62, 779 

61,468 

36,155 

7,438 

3,935 


003 
005 
005 
002 
Oil 
103 
112 
128 
130 
074 
016 
008 


003 
005 
006 
002 
013 
115 
129 
148 
144 
085 
017 
009 


287,816  I 


4,243  j 
8,610  I 
26,501  i 
10,830  j 
144,865  I 
55,755  I 
11,068 
45, 193 
4, 820 
3,566 
4,304 
2,705 


a50 


.0086 
.0081 
.0340 
.0230 
.3000 
.1200 
.2300 
.0920 
.0100 
.0073 
.0088 

.oa55 


676 


0099 


065f> 
026*> 
340<^ 
130t> 
26u«> 
1HH> 
Olio 

00*^4 
00: 8 
OOG:^ 


317,460  !      .0723 


981^ 


a  Water-Sup.  and  Irr.  Paper  No.  84,  U.  S.  Geol.  Surrey,  1908,  p.  112. 
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The  hydrograph  of  this  stream  at  this  station  is  shown  on  PI.  XIII,  C 
The  minimnm  monthly  flow  is  seen  to  have  been  less  than  10  second- 
feet  during  July,  1901.  The  maximum  discharge  was  1,438  second- 
feet  in  July,  1895,  which  is  160  times  the  minimum  monthly  discharge. 
The  monthly  run-oflP  per  square  mile  varies  from  less  than  0.001  to  0.18, 
and  the  yearly  run-oflf  from  0.006  to  0.050  second-feet. 

COMPARISON  OP  FLOOD  AND  ORDINARY  pATA. 

In  the  following  table  is  given  a  comparison  of  the  ordinary  low 
flow  with  the  flood  flow  of  these  streams.  The  flood  flow  is  seen  to  be 
many  times  larger  than  the  ordinary  low-water  flow. 

Low^water  and  flood-flow  data  of  streams  in  Kansas  River  basin. 


Stream  and  place. 


Kansas,  Lecompton,  Eans  ... 

Blue,  Manhattan,  Kans 

Kepnblican,  Junction,  Kans  . 

Solomon,  Niles,  Kans 

Saline,  Salina,  Kans 

Smoky  Hill,  BUlsworth,  Kans 


Low-water  data. 


Gage. 


Discharge. 


8. 00  to  8. 40 
8.80       4.20 


2, 875  to  8, 415 


8.60 

4.40 

8.10 

.75 


4.80 

5.50 

8.60 

.95 


480 

510 

54 

25 

15 


560 
1,155 

152 
41 
28 


Flood-flow  data. 


Stream  and  place. 

Date. 

Ghage. 

Discharge. 

Kansas,  Lecompton,  Kans 

1903. 
May   81 

29.5 
86.5 
18.2 
82.9 
88.9 
16.0 

238,070 

Bine,  Manhattan,  Kans 

Republican,  Junction,  Kans 

Solomon,  Niles,  Kans 

Saline,  Salina,  Kans 

....do..- 
May   30 
June     1 

....do  ... 

86,640 
59, 400 
12,000 
11,200 

Smoky  Hill.  Ellsworth.  Kans 

May   29 

11,610 

The  following  t^able  gives  a  comparison  of  the  discharges  at  the  six 
gaging:  stations  and  also  the  run-off  for  four  months  of  1903.  The 
stations  are  arranged  in  order  from  the  west  to  the  east.  The  increase 
in  run-off  from  the  west  to  the  east  is  clearly  shown. 
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rsa  y. 


Com2)arisojis  of  monthly  discharge  and  run-off  at  gating  stations  in  Katisas  Rivtr 

tvatershed. 

MONTH  OP  APRIL,  1902. 


Stroaxn  and  place. 


Discharge  in  second-feet. 


Ron-off. 


Smoky  Hill, Ellsworth, Kans 

Saline,  Salina,  Kans 

Solomon ,  Nilas,  Kans 

Republican,  Junction,  Kans  . 
Republican,  Superior,  Nebr  . 

Blue.  Manhattan ,  Kans 

Kansas,  Lecompton,  Kans  — 


Maxi- 
mum. 

'  Mini- 
mum. 

Mean. 

Total  in 
acre-feet. 

Second- 
feet  per 
square 
mile. 

1 

Depth  in 
inch*^- 

Zi 

15 

18  j 

1,071 

ance 

llliCl 

41 

25 

ai 

2,083 

.01 

,ii' 

152 

54 

89 

5,296 

.01 

.01 

1.207 

510 

654 

38.916 

.03 

Ml 

744> 

390  ' 

555 

33.020 

.02 

.'r 

oflO 

408 

483 

28.740 

.05 

.♦•' 

3,415 

1 

2,250 

2,a53 

157.864 

.05 

<»i 

MONTH  OP  MAY,  1902. 


Smoky  Hill,  Ellsworth,  Kans 700 

Saline,  Salina.  Kans 6»8 

Solomon,  Niltis.  Kans 1,415 

Republican,  Junction,  Kans 7, 8iXl 

Republican,  Superior,  Nebr 2. 810 

Blue,  Manhattan,  Kans 17,510 

Kansas. Lecompton, Kans 23,075 


13 

25 

38 

482 

3a5 

408 

2,125 


87 
112 
285 
2.128 
1,269 
2,157 
8,435 


5.349 

6.88^ 

17.5:»4 

1:»,.<I6 

78.020 

132.629 

518,648 


MONTH  OF  JUNE,  1902. 


0.011 
.034 
.04 
.08 
.06 
.23 
.14 


iO 

.'.ir 

ir. 


Smoky  Hill,  Ellsworth,  Kans 

Saline,  Salina,  Kans 

Solomon,  Niles.  Kans 

Republican,  Junction,  Kans  . 
Republican,  Superior,  Nebr . 

Blue,  Manhattan,  Kans 

Kansas,  Lecompton,  Kans 


4,856 

40 

1 
821 

;    1,892 

70 

792 

;    6,155 

316 

1,392 

8,400 

1,280 

3,338 

3,235 

320 

1,372 

17,510 

910 

6,298 

28,500 

11,110 

17,131 

48,853 
47,127 
82.830 

196,625 
81,640 

874,757 
1,019,365 


MONTH  OP  JULY,  1902. 


Smoky  Hill.  Ellsworth,  Kans 

Saline,  Salina,  Kans 

Solomon,  Niles,  Kans 

Republican,  Junction,  Kans  . 
Republican,  Superior,  Nebr  ., 

Blue,  Manhattan ,  Kans 

Kansas,  Lecompton,  Kans  — 


3,267 
2,507 
7,040 
23,100 
12,490 
43,430 
81,400 


137 

801 

110 

621 

252 

2,492 

840 

7,887 

970 

a3,080 

4,540 

16,8^6 

11,450 

38,291 

54,785 

38,184 

153,227 

484,953 

« 189, 360 

1,087,050 

2,354,422 


0.10 
.24 
.20 
.13 
.06 
.03 
.29 


0.12 
.27 
.!S 
.!» 
.<C 
.74 
-3aii 


0.112 
.188 
.37 
.30 
a.  14 
1.78 
.65 


.217 

.:c 

o.  ll> 
.  7-> 


I 


METHODS  FOR  PREVENTING  DAMAGE  BY  FUTURE  FLOODS. 

It  must  be  remembered  that  the  storm  that  caused  the  flood  on 
Kansas  River  was  not  a  local  one  of  short  duration,  but  exteiide^l 
over  a  considerable  i^ortion  of  six  States  and  Territories  and  la^te<I 
nearly  half  a  month.  The  storm  was  brought  about  by  a  rare  combi- 
nation of  atmospheric  pressure,   temperature,  moisture,   and   wind 
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velocity.  Each  of  these  was  practically  at  or  near  its  maximum 
influence  at  the  time.  There  is  no  reason  why  this  combination  of 
rainfall  factors  may  not  occur  a^ain,  and  when  it  does  occur  a  storm 
of  approximately  the  same  magnitude  may  be  expected.  Kt)thing 
whatever  can  be  done  to  prevent  its  occurrence.  It  is  sixty  years 
since  the  last  great  flood,  but  there  is  no  way  of  predicting  when  the 
next  one  will  occur. 

Although  nothing  can  be  done  to  prevent  the  occurrence  of  such  a 
storm,  much  can  be  done  to  lessen  the  height  of  the  resulting  flood 
and  the  loss  of  property  due  to  it.  It  is  self-evident  that  to  reduce 
the  magnitude  of  a  flood  we  must  in  some  way  either  store  the  water 
that  falls  or  hasten  its  flow  from  the  drainage  area,  or  both. 

SURFACE  AND  GROUND  STORAGE. 

Nature  has  two  ways  of  storing  water,  viz,  on  the  surface  of  the 
ground  and  in  the  ground.  In  mountain  regions  water  is  stored 
for  several  months  as  snow  and  ice,  and  in  the  early  summer  passes 
down  the  streams.  In  regions  of  higher  temperature  surface  water 
is  stored  in  lakes,  ponds,  and  swamps.  Where  streams  are  fed  from 
mountain  snow  or  lakes  the  distribution  of  flow  throughout  the  year 
is  very  different  from  that  of  streams  without  surface  storage.  Sur- 
face storage  in  some  sections  of  the  country  is  vastly  greater  than 
that  in  others.  In  Maine,  for  example,  there  is  1  square  mile  of  lake 
and  pond  area  to  every  14.3  square  miles  of  land  area.  In  other 
words,  7  per  cent  of  the  surface  is  natural  water  storage.  On  the 
prairies  of  the  Kansas  River  watershed  the  natural  surface  storage  is 
so  small  that  it  amounts  practically  to  nothing. 

EFFECT  OF  GROUND  STORAGE  ON   FLOW  OF  STREAMS. 

A  rainfall  of  a  deptli  of,  say,  2  inches  on  a  watershed  disappears 
in  three  ways.  A  part  flows  over  the  surface  and  forms  what  is 
called  surface  run-off.  A  second  part  evaporates,  thus  passing  off 
unseen  from  the  surface  of  the  ground  and  from  pools  of  water.  A 
third  part  sinks  into  the  ground  and  is  held  for  a  greater  or  less  time, 
but  eventually  is  either  absorbed  bj' vegetation  and  passes  off  into  the 
air  through  leaves  or  percolates  through  the  ground  into  the  streams. 
The  total  run-off — that  which  is  left  of  the  rainfall  after  the  loss  by 
evaporation  and  plant  growth — varies  from  about  50  per  cent  in  the 
eastern  part  of  the  country  to  almost  nothing  in  the  arid  portions. 

The  amount  of  water  that  the  soil  will  hold  when  saturated  or  full, 
depends  on  its  porosity  and  depth.  Let  us  supi)ose  that  the  ground 
at  a  certain  place  is  composed  of  a  G-foot  layer  of  sand  whose  porosity 
is  33^  per  cent.  Each  foot  in  depth  of  this  material  will  contain, 
when  fully  saturated,  4  inches  of  water,  and  the  0-foot  layer  will  con- 
tain 2  feet  depth  of  water.  It  will  rarely  be  possible  to  store,  even  in 
sand,  this  amount  of  water,  because  it  is  seldom  empty.  It  always 
holds  back  or  contains  some  water. 
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Ordinary  soils  differ  very  much  from  sand  in  the  amount  of  rainfall 
they  will  absorb  and  in  their  power  of  holding  back  water.  Some 
soils  are  more  porous  than  sand.  Whitney*  has  shown  from  deter- 
minations in  23  localities,  that  the  voids  in  the  soil  in  Maiyland  and 
South  Carolina  are  48.73  per  cent.  The  rate  of  percolation  ttirsiigh 
soil  is  much  slower  than  through  sand.  King  has  shown  by  exi>eri- 
ments  on  columns  of  sand  and  soil,  that  the  rate  of  percolation  through 
sand  of  a  degree  of  fineness  such  that  it  will  pass  a  screen  of  40  meshes 
to  the  inch  and  be  retained  on  one  60  meshes  to  the  inch,  is  12| 
inches  per  hour,  when  the  water  is  kept  2  inches  in  depth  on  it.  The 
rate  through  clay  loam  under  the  same  conditions  was  only  0,07  inch 
per  hour;  and  through  black  marsh  soil,  only  0.03  inch  per  hour. 

The  retaining  xx)wer  of  a  soil  depends  on  the  size  of  the  grains, 
distance  above  standing  water,  and  length  of  time  since  last  rain- 
fall. King  found  from  his  experiments  on  columns  of  sand  10 
feet  long  that  when  the  size  of  the  grains  was  0.0186  of  an  inch  in 
diameter  3.77  per  cent  of  the  water  was  retained  after  111  days. 
When  the  size  of  the  grains  was  0.0045  inch  in  diameter  7.57  per  cent 
was  retained  after  111  days  of  percolation.  The  retaining  power  of 
true  soils  is  much  greater  than  that  of  sand. 

The  ground  storage  of  the  Kansas  River  basin  is  large  as  c6mx>ared 
with  that  of  other  sections  of  the  country.  Consider,  for  example, 
the  Blue  River  basin,  which  has  the  largest  rainfall  of  any  watershed 
in  the  Kansas  basin.  The  mean  annual  rainfall  is  about  29  inches. 
The  depth  of  run-off  for  the  five  years  from  1897  to  1901,  is  about  2 
inches.  That  is,  only  about  7  per  cent  of  the  rainfall  on  this  basin 
appears  as  run-off,  the  i*emaining  27  inches  were  either  evaporated 
directly  or  stored  in  the  ground  for  a  time  and  then  passed  off  into  the 
air  through  vegetation.  A  considerable  part  of  the  run-off  was  also 
stored  in  the  ground  for  a  time. 

The  surface  run-off  from  sandy  areas  is  very  small,  but  from  steep, 
bare,  rocky  areas  it  is  rather  large,  in  some  cases  80  per  cent  or  more 
of  the  rainfall.  The  water  thus  stored  in  the  ground  is  given  out 
gradually  to  the  streams.  It  reduces  their  flood  flow  and  increases 
their  flow  during  periods  of  small  rainfall.  At  the  end  of  a  long  dr}' 
season  the  ground  storage  may  be  very  low.  A  considerable  amount 
of  rain  is  necessary  to  make  good  this  ground  storage  before  the  rain 
can  increase  the  flow  of  the  stream  to  any  considerable  extent.  A 
rainfall  of,  say,  2  inches  in  depth  falling  moderately  at  the  end  of  a 
two  months'  drought  may  raise  a  stream  at  a  given  place  only  a  foot, 
whereas  the  same  rain  falling  on  that  watershed  when  the  ground 
storage  is  normal  will  raise  the  river  at  that  place  perhaps  8  or  10  feet 
The  magnitude  of  a  flood,  therefore,  depends  to  a  considerable  extent 
on  the  amount  of  ground  storage  available  at  the  beginning  of  the 
flood.     If  the  storm  in  the  Kansas  River  basin  of  May  16  to  May  31 

a  Whitney,  Milton,  Some  physical  properties  of  soils  in  their  relation  to  moisture  and  crop 
production:  Bull.  U.  S.  Weather  Bureau  No. 4,  Dept.of  Afirric,  1888,  pp.23-S8. 
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had  come  at  the  end  of  a  long  dry  season  the  I'esulting  flood  would 
not  have  been  so  large  and  destructive. 

What  can  bo  done  to  increase  ground  storage  and  reduce  the 
amount  of  water  flowing  over  the  surface?  Evidently,  anything  that 
will  stop  or  retard  the  surface  flow  will  accomplish  this  result.  If  the 
surface  of  a  watershed  were  everywhere  a  plane  of  the  same  inclina- 
tion the  water  would  flow  off  it  more  rapidly  than  if  the  surface  were 
very  rough.  Water  collects  in  the  depressions  on  the  surface  and 
remains  there  sufficiently  long,  in  most  cases,  to  be  completely 
absorbed  by  the  ground;  hence  the  small  ponds  which  hold  water  for 
a  few  days  only  are  of  value  in  increasing  ground  storage  and  reduc- 
ing the  magnitude  of  floods.  Forests  and  small  areas  of  trees  also 
have  an  effect  in  holding  back  surface  flow  and  increasing  ground 
storage;  also  in  transmitting  moisture  from  the  earth  to  the  air 
through  the  leaves. 

Cultivation  of  the  soil  increases  the  ground  storage.  Loose,  mellow, 
areas  will  absorb  more  rain  than  the  same  area  covered  with  a  tough 
sod  or  a  bare  uncultivated  ground. 
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ARTIFICIAL  STORAGE. 

Next  to  natural  lake  storage  artificial  storage  by  dams  constructed 
at  a  reasonable  cost  on  the  headwaters  of  streams  is  the  most  obvious 
and  effective  way  of  reducing  floods  and  regulating  the  flow  of  streams. 
It  is  the  more  effective  because  it  not  only  reduces  the  flood  and  the 
loss  due  to  it,  but  it  saves  the  water  for  irrigation,  municipal  supplies, 
and  industrial  purposes.  Unfortunately  there  are  some  watersheds 
whose  topography  is  such  that  large  storage  reservoirs  can  not  be  con- 
structed at  a  reasonable  cost.  The  Kansas  River  basin  is  one  of  this 
kind,  A  storage  reservoir  on  the  river  or  any  of  its  principal  tribu- 
taries would  be  very  expensive  to  construct,  would  flood  much  valu- 
able land,  and  would  reduce  the  magnitude  of  the  flood  very  little. 

An  enormous  volume  of  water  flowed  down  Kansas  River  during 
the  recent  flood.  The  estimated  flow  passing  the  Lecompton  gaging 
station  on  May  31  is  225,400  cubic  feet  per  second.  The  cross  section 
area  there,  having  a  velocity  of  4  or  more  feet  per  second,  is  estimated 
to  be  28,000  square  feet  (width  1,000  feet,  mean  depth  28  feet).  The 
mean  velocity  is,  therefore,  8.05  feet  per  second  or  5.5  miles  per  hour. 
The  distance  from  Manhattan  to  Kansas  City  is  about  125  miles;  22.7 
houra,  therefore,  were  required  for  the  water  to  travel  at  this  rate 
between  those  two  places.  If  the  whole  Kansas  River  Valley  between 
these  places  had  been  a  reservoir  125  miles  in  length,  it  would  have 

been  filled  in  23  hours  on  May  31,  1903. 

The  enormous  volume  of  water  passing  down  this  river  may  bei  illus- 
trated in  another  way.  The  flow  of  225,400  cubic  feet  per  second  is 
equivalent  to  a  volume  of  455,348  acre-feet  in  twenty-four  houi*s. 
The  total  drainage  area  of  Kansas  River  at  Lecompton  is  58,550  square 
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iniles.  The  ratio  of  455,348  to  58,550  shows  the  average  number  of 
acre-feet  of  water  flowing  on  May  31  from  each  square  mile  of  the 
whole  drainage  of  Kansas  River.  In  other  words,  if  there  had  been  a 
storage  reservoir  1  acre  in  area  and  7.8  feet  deep  on  every  square  mile 
of  the  whole  Kansas  River  drainage  basin  the  water  flowing  down 
Kansas  River  on  May  31  would  have  filled  everj'  one  of  them.  If  on 
each  half  section  of  the  whole  of  the  Kansas  River  basin  there  had 
been  a  reservoir  1  acre  in  extent  and  4  feet  in  depth  the  water  flowing 
in  Kansas  River  on  May  31  would  have  been  sufficient  to  nearly  fill 
each  one  of  them. 

RAPID   REMOVAL   OF  WATER. 

Water  that  can  not  be  held  back  for  some  days  bj'  storage  should 
be  jiassed  out  of  the  watershed  as  rapidly  as  possible  if  the  danger  of 
floods  is  to  be  reduced  to  a  minimum.  Anything  that  retartls  the  flow 
backs  up  the  water  and  causes  a  rise  in  the  river  and  consequent 
overflow  of  area. 

Dams  and  river  bends  have  a  decided  retarding  effect.  •  The  watei 
has  a  longer  distance  to  travel  by  reason  of  the  bends  and  thus  a  longer 
time  is  necessary  for  it  to  pass  out  of  the  watershed,  and  the  velocity 
of  the  water  is  reduced  by  striking  the  bank  at  each  bend. 

Bridges  across  a  stream  are  sometimes  a  very  fruitful  cause  of 
increasing  high  water.  They  restrict  both  the  width  and  depth  of  the 
waterway.  The  partial  or  total  destruction  of  nearly  all  the  bridges 
across  Kansas  River  is  very  positive  evidence  of  this  fact.  The  Engi- 
neering News  of  September  17,  1903,  contains  the  following  in  reganl 
to  the  restriction  in  width  of  Kansas  River  at  Kansas  City: 

The  Kaw  [Kansas]  River  near  the  mouth  has  been  gradually  encroached  upon 
for  years,  the  abutting  property  owners  filling  in  and  reclaiming  the  land  for  indus- 
trial purposes.  The  normal  width  of  the  river  from  bank  to  bank  is  abont  BOO 
feet.  At  the  James  street  bridge,  just  above  the  mouth,  this  channel  has  been 
narrowed  down  to  about  450  feet  between  abutments.  The  effect  of  this  construc- 
tion is  also  shown  by  the  fact  that  the  high-water  mark  at  the  Turkey  Creek 
pumping  station,  about  2  miles  above  the  mouth  of  the  river,  was  10  feet  above 
that  at  the  mouth.  If  the  river  had  been  given  its  natural  width  through  the 
city,  the  water  would  not  have  risen  so  high  by  from  6  to  8  feet  in  the  upper  dis- 
tricts as  it  did  under  the  existing  conditions.  It  is  evident  that  the  clear  channel 
of  the  Kaw  should  be  made  from  800  to  1 ,000  feet  wide  from  Argentine  to  the  Mi:?- 
souri  River. 

A  channel  200  feet  wide  was  cut  around  the  north  end  of  the  bridge 
at  Lawrence  by  tlie  flood.  This  channel  is  being  closed  by  an  embank- 
ment. The  closing  of  this  opening  by  a  solid  structure,  thus  reducing 
the  water waj^  to  its  old  dimensions,  which  the  flood  has  shown  to  be 
too  small,  is  ignoring  one  of  the  obvious  lessons  of  the  flood.  It  would 
have  been  better  to  have  built  a  structure  here  with  gates  for  holding 
back  the  water  for  power  purposes,  which  could  have  been  opened  in 
time  of  flood  to  give  a  larger  waterway. 
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The  masonry  arch  bridge  across  the  Kansas  at  Topeka  is  a  good 
example  of  tlie  evil  resulting  from  restricting  too  much  the  waterway. 
Tlie  flood  passed  several  feet  in  depth  over  both  abutments  of  this 
bridge,  washing  out  one  of  them  and  badly  damaging  the  ])ridge  and 
the  other  abutment.  The  old  bridge  at  this  place  had  six  spans  of 
150  feet  each;  the  present  masonry  structure  has  reduced  the  water- 
\vay  nearly  one-half,  and  has  had  much  to  do  with  the  overflow  at 
Topeka.  There  are  several  new  bridges  across  the  Kansas  that  restrict 
its  flow  much  more  than  the  old  ones.  The  small  saving  in  the  cost 
of  a  bridge  by  reducing  its  length  100  feet  is  paid  many  times  over  in 
the  loss  of  property  caused  by  the  overflow  due  to  restricting  the 
waterway.  A  very  obvious  means  of  reducing  the  height  of  future 
floods  is  to  widen  the  channel  in  the  cities  through  which  the  river 
passes.  The  minimum  width  and  the  numl)er  and  size  of  bridge  piers 
should  be  prescribed  by  law. 

This  flood  has  shown  that  many  of  the  bridges  across  Kansas  River 
before  the  flood  were  too  low.  The  new  ones  should  be  higher  than 
the  old  ones  or  of  a  design  such  that  the  bridge  can  be  raised  or  swung 
out  of  the  w^ay  during  very  high  water  and  leave  a  clear  channel  for 
drift  to  pass. 

CUT-OFFS  AND  OVERFLOW  CHANNELS. 

The  effect  of  a  cut-off  is  to  shorten  the  distance  traveled  by  the 
water,  to  reduce  the  loss  of  head  due  to  friction,  to  increase  the 
velocity  of  flow,  and  thus  to  reduce  the  height  of  the  flood.  If  the  bed 
and  banks  are  composed  of  firm  material  that  will  not  be  worn  away 
by  the  current,  this  plan  works  well,  but  for  rivers  flowing  through 
alluvial  material,  such  as  Mississippi,  lower  Missouri,  and  Kansas 
rivers,  this  remedy  is  only  temporary.  The  increased  velocity  w  ill 
cause  additional  scours  and  the  formation  of  new  bends.  Thus  this 
process  will  continue  until  the  river  is  restored  to  its  former  length. 
The  studies  of  Humphrey  and  Abbott,  and  other  engineers,  of  the 
Mississippi  prove  conclusively  that  this  plan  is  not  a  good  one  for 
rivers  flowing  through  alluvial  bottoms. 

Overflow  channels  increase  the  high-water  waterway  of  the  river 
and  thus  reduce  the  height  of  flood.  They  are  equivalent  to  widen- 
ing the  main  channel.  Increasing  the  area  of  the  main  channel  for 
a  given  amount,  say  1,000  square  feet,  is,  as  a  rule,  more  effective 
than  one  or  more  overflow  channels  of  the  came  total  area. 

LEVEES. 

Levees  are  proposed  as  a  i-emedy  for  floods.  This  method  is  used 
on  the  Mississippi  for  securing  the  land  against  inundation.  It  was 
begun  in  1717  at  New  Orleans  by  riparian  owners  and  carried  on 
until  1850  by  the  States  through  which  the  river  passes.  Since  this 
date  levee  building  has  been  carried  on  by  cooperation  of  the  State 
and  National  governments.     All  of  the  engineers  who  have  made  a 
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study  of  methods  of  preventing  floods  in  the  Mississippi  basin  recom- 
mend this  as  the  only  feasible  method  of  accomplishing  the  desired 
result.  The  levees  or  earth  banks  on  each  side  of  the  river  approxi- 
mately parallel  to  the  course  of  the  stream,  limit  the  width  of  the 
stream,  increase  somewhat  the  velocity  and  consequent  scour,  and  the 
height  of  high  water. 

Three  objections  are  raised  to  the  use  of  levees:  First.  That  they 
can  not  be  made  strong  enough.  Second.  The  cost  is  too  great. 
Third.  They  raise  the  bed  of  the  river  by  depositing  in  it  the  silt 
that  otherwise  would  be  deposited  on  the  flooded  land. 

It  is  difficult  to  see  how  the  third  objection  can  be  true.  The 
increased  velocity  will  cause  a  scour  rather  than  a  deposit  of  material 
on  the  bed.  Furthermore,  a  careful  study  of  the  effect  of  the  levees 
along  Mississippi  River  fails  to  show  any  appreciable  rise  in  the  bed 
of  that  river. 

The  numerous  and  frequent  breaks  in  the  levees  during  the  floods 
apparently  show  that  there  may  be  some  truth  in  the  first  objection. 
This  is  only  apparent,  however,  as  earth  embankments  can  be  made 
so  strong  and  durable  that  they  will  not  fail  and  so  high  that  the 
greatest  floods  can  not  pass  over  them.  Many  earth  dams  and 
embankments  have  been  built  much  higher  than  any  of  the  levees 
and  have  stood  the  test  of  many  years.  The  strength  and  durability 
of  such  a  structure  is  only  a  matter  of  cost. 

Whether  or  not  the  levee  method  of  preventing  Inundation  of  the 
Kansas  River  bottom  is  feasible  can  be  definitely  decided  when  the 
cost  and  benefits  to  be  derived  are  known.  Ordinary  floods  cause 
overflow  of  some  of  the  bottom  lands  along  the  river. .  The  flood  of 
1903  was  17  feet  higher  than  ordinary  floods,  so  that  the  levee  will 
need  to  be  20  feet  high  in  some  places.  The  cost  per  mile  in  length 
of  an  embankment  of  this  height,  with  a  top  width  of  5  feet  and  side 
slopes  of  2  horizontal  and  1  vertical,  will  be  as  follows,  assuming  the 
cost  to  be  20  cents  per  cubic  yard: 

900  X  5280  ^   ,Q^OQ 

If  the  embankment  is  only  10  feet  high,  3  feet  top  width,  side  slopes 
of  2  horizontal  to  1  vertical  and  the  cost  per  cubic  yard  20  cents,  the 
total  cost  per  mile  of  the  embankment  will  be  $8,993. 

The  benefits  to  be  derived  will  scarcely  justify  either  of  these 
expenditures  except  at  or  near  cities. 

SUMMARY. 

The  highest  recorded  flood  at  St.  Louis  occurred  in  1785.  The  flood 
of  1844  came  within  1  foot  of  the  height  reached  in  1785,  and  the 
flood  of  1903  came  within  about  3  feet  of  the  stage  of  1785. 

The  highest  flood  on  record  at  Kansas  City  was  in  1844.     The  flood 
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of  1903,  although  it  did  not  reach  that  height,  was  vastly  more 
destructive  ou  account  of  the  country  being  more  thickly  settled  and 
improved. 

The  Kansas  River  gage  records  at  Lawrence  and  Lecompton  cover 
a  period  of  twenty-two  years.  The  flood  of  May  and  June,  1903,  was 
17^  feet  higher  than  at  any  other  time  within  this  period.  The  vol- 
ume flowing  in  Kansas  River  on  May  31  was  nearly  three  and  a  half 
times  larger  than  that  at  an}"*  time  during  these  twenty-two  years. 

The  period  of  excessive  rainfall  extended  from  May  16  to  May  31  • 
Water  fell  to  a  depth  of  10  inches  in  some  places  during  this  time* 
The  rainfall  at  some  of  the  stations  for  the  whole  month  of  May  was 
17  inches,  so  that  the  precipitation  for  the  flrst  half  was  above  the 
normal,  the  ground  was  well  supplied  with  moisture,  and  the  flow  of 
the  streams  was  above  the  normal.  The  mean  annual  rainfall  of  the 
Kansas  River  basin  varies  from  about  35  inches  in  the  eastern  part 
to  12  inches  in  the  western  part.  About  14  per  cent  of  this  mean 
annual  rain  falls  In  May,  but  in  May,  1903,  nearly  50  per  cent  of  the 
mean  annual  rainfall  occurred. 

The  drainage  area  of  Kansas  River  is  a  long  narrow  strip  between 
the  Platte  and  the  Arkansas  River  drainage  areas.  It  is  rolling 
prairie  without  mountains,  with  broad,  shallow  valleys,  fertile  soil, 
and  very  little  forest.  There  is  very  little  service  storage,  but  the 
ground  will  absorb  a  large  quantity  of  water.  The  flood  flow  of  the 
stream  is  large  and  the  minimum  flow  small,  as  compared  with  streams 
in  the  eastern  half  of  the  United  States. 

The  Kansas  River  bottom  is  mainly  sandy,  alluvial  material  from  1 
to  4  miles  in  width;  the  banks  as  a  rule  are  not  more  than  10  feet  in 
height  and  are  easily  eroded  by  the  current. 

For  eleven  days,  May  28  to  June  7,  inclusive,  the  water  was  from  1 
to  12  feet  higher  at  Lecompton  than  it  had  been  before  in  twenty-two 
years;  and  for  twenty  days,  May  23  lo  Juno  11,  it  was  from  half  a 
foot  to  17^  feet  higher  than  ordinary  high  water.  The  whole  river 
bottom  was  flooded,  crops  were  destroyed,  stock  drowned  and  swept 
away;  railroads  were  under  water,  partly  washed  away  and  under- 
mined; wooden  buildings  were  lifted  from  their  foundations  and 
swept  down  the  stream;  brick  and  stone  buildings  crumbled  and  fell; 
bridges  were  swept  away  and  cities  left  without  drinking  water,  light, 
or  power;  traffic  was  almost  entirely  suspended  for  two  weeks.  The 
property  loss  in  Kansas  and  Kansas  City  is  estimated  to  have  been 
$22,000,000. 

Nothing  can  be  done  to  prevent  the  recurrence  of  a  storm  like  the 
one  from  May  16  to  31,  1903,  which  caused  this  enormous  loss,  and  no 
person  can  predict  the  time  of  occurrence  of  the  next  one. 

To  reduce  the  magnitude  of  the  resulting  flood,  the  rainfall  must 
quickly  be  passed  out  of  the  watershed  or  stored  in  it.  The  opportu- 
nities for  surface  storage  in  the  Kansas  River  basin  are  small,  for  the 
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valleys  and  depressions  are  broad  and  shallow,  the  amount  that  can 
be  stored  small,  and  the  cost  of  storage  large.  On  the  headwaters, 
where  the  possibility  of  storage  is  greatest,  the  rainfall  is  smallest. 
By  a  glance  at, the  map  it  will  be  seen  that  nearly  all  of  the  rain  that 
caused  this  flood  fell  on  the  lower  half  of  the  watershed,  where  the 
possibilities  for  surface  storage  are  the  least. 

If  there  had  been  a  reservoir  1  acre  in  extent  and  4  feet  in  depth  on 
each  half  section  of  land  in  the  whole  Kansas  River  basin,  the  volume 
of  water  flowing  down  Kansas  River  on  May  31  was  sufficient  to  have 
nearly  filled  all  of  them. 

Ground  storage  in  the  Kansas  River  basin  Ls  large;  it  can  be 
increased  by  cultivation  of  the  soil  and  growth  of  forests.  Not  more 
than  7  per  cent  of  the  rainfall  on  this  drainage  area  appears  as  run- 
off in  ordinar}'  years;  the  remaining  93  per  cent  disappears  as  evajK)- 
ration  directly  from  the  surface  and  indirectly  through  plant  growth. 

Any  obstruction  in  the  form  of  a  dam,  bend  in  the  channel,  or 
reduction  of  the  normal  width  retai*ds  the  flow  and  increases  the  mag- 
nitude of  a  flood.  The  partial  destruction  of  nearly  all  the  bridges 
across  Kansas  River  is  positive  evidence  that  they  restricted  the  flow 
too  much.  The  normal  width  of  Kansas  River  at  Kansas  City  has 
been  reduced  nearly  one-half,  and  as  a  result  the  recent  flood  was 
about  10  feet  lower  at  the  mouth  than  about  2  miles  up  from  the 
mouth. 

Reducing  the  length  of  the  channel  by  straightening  it  will  reduce 
the  magnitude  of  the  flood,  but  in  alluvial  bottom  land  the  increased 
velocity  causes  scour  and  the  formation  of  new  beds,  so  the  remedy  is 
only  temporary. 

Overflow  channels  give  an  additional  waterway  and  reduce  the 
height  of  floods,  but  are  seldom  practicable. 

Levees  have  proved  to  be  the  best  means  of  preventing  inundation 
in  the  Mississippi  River  basin;  they  do  not  reduce  the  height  of  floods, 
but  simply  prevent  overflow.  The  cost  of  levees  sufficiently  high  and 
durable  to  prevent  overflow  of  the  Kansas  River  bottom  during  a  flood 
of  the  magnitude  of  that  of  1903  would  be  too  expensive  to  build 
except  in  and  near  cities. 
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